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Introduction to sleep and importance of sleep on
health and brain functions
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Vice President, Asian Sleep Research Societies
Founding President, Thai sleep Research and Sleep Medicine Societies

|__Email: naiphinich@gmail.com

Sleep

From Wikipedia, the free encyclopedia

Sleep is a naturally recurring state characterized by
reduced or absent consciousness, relatively
suspended sensory activity, and inactivity of nearly
all voluntary muscles. It is distinguished from quiet
wakefulness by a decreased ability to react to stimuli,
and is more easily reversible than being in
hibernation or a coma. Sleep is also a heightened
anabolic state, accentuating the growth and
rejuvenation of the immune, nervous, skeletal
and muscular systems. It is observed in all
mammals, all birds, and many reptiles, amphibians,
and fish.

The purposes and mechanisms of sleep are only
partially clear and are the subject of intense
research. Sleep is often thought to help conserve
energy, but actually decreases metabolism only
about 5-10%. Hibernating animals need to sleep
despite the hypometabolism seen in hibernation, and
in fact they must return from hypothermia to
euthermia in order to sleep, making sleeping
"energetically expensive."

The EEG and Polysomnography
lab at Faculty of Medicine
Ramathibodi Hospital,

Mahidol University

In 1974
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Sleep Sciences:
-Behavior & Life styles
-Circadian biology
-Psychology

-Physiology

-Pharmacology
-Neuroscience
-Genetics & Genomics

Sleep Medicine:

-Epidemiology of sleep
disorders

-Classification of sleep
disorders

-Medical treatments
-Promotion sleep health

Tsaluamne ( Lai Tai)

(Sudden Unexplained Nocturnal Death Syndrome:

SUNDS) ARENIANERENL B UNAUTIRATY
Tuganefiangszuing 18-45 1 Mpadiguawaily
Un@ luszwinemsuaunauvdaanzimasinday
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Geographic distribution
of ' SUNDS victims by

province-of-origin

(Height of bar indicates number
of SUNDS deaths:)
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SUMMARY OF CONSISTENT PATHOLOGICAL
FINDINGS ON SUDS AT AUTOPSY

FINDINGS

Generalized congestion of blood

POSSIBLE CAUSE(S)

Sudden Cardio-Pulmonary Arrest
(Right-sided Heart failure)

Pulmenary intra-alveolar

Pul ry H rtensi
Haemorrhage (80% of cases) G e

Mild myocardial Hypertrophy Increased cardiac work load

Mild myocarditis with

L . () Viral infection
moneonuclear cell infiltration

Anatomlca_l anomalles_& sclerosis @ Carcife Mnemelies
of cardiac conducting system

Mild edema of brain (?) Hypoxia

agUnanIsnsAdugnsinAn uazamanitazinaadiasiiasuEnlngs

Mongolia

"Keshan's Disease”

“Pokkuri”

"Lai Tai" "Morn Lai Tai" "Bungungut”
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_AnufndnAlussunansiafideinnisdesnslussuulezamn (Neurotransmitters)
auAaLnAluszulszamenluls (Autonomic Nervous System)
NNZANULATEANISINNNEUAZAR 1A

nuautlifig (Night terror and Nightmares)

pnidebeannslagenans
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ANNARLUNRLUNNTAILANNISINETAsZUINNISUBUNAL (Sleep related
breathing disorders e.g. Sleep apnea Syndromes)

10. mglE5uFalen anf 1y Feloda (Influenza virus Type A)

11. Tsmuanasalada (Melloidosis) AMnn19RALEa Pseudomonas mellei
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Salaya Sleep Research
Laboratory in 1984

Figure |. Pedigree | demonurating 4 suspected

Figure 2. Pedigree 2 demonuirating 8 suspecied
SUNDS cases among siblings

SUNDS cases among siblings
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Figure 3. Pedigree demonstrating 15 suspected

SUNDS cases among siblings SUNDS cases among siblings
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Figure 4 Pedigree 4 demonsirating a suspected

is SUNDS

an X-linked recessive inheritance?

What are the possible biomarkers on the X chromosome ?

* pyruvate dehydrogenase

e ornithine carbamyl transferase

e glyceraldehyde-3 phosphate dehydrogenase
e a-phosphorylase kinase

«monoamine oxidase Aand B
* glycine receptor

e GABA receptor

I presuntive SUND

My %m

o 1 2 3 475
MW C L1 L2 ILLILZ (L3 I - Mw o lLtzul[lzqu..t

]
bp| —
P —

ol

128] --P--— —— — —

»\k

FCR amplification of xon 3 of
MAD-A gene from G y members
MW= molecular weight markers

C= Comrol individual

MWC ] 2345 6 7

PCR amplification of exon 14-15 of
MAO-A gene from & Tamily members
MW= molecular welght markers

C= Control Individual

MWEC 12 3456

789

T e L il

PCR amplification of exon 3 from 9
autopsy SUND victims

MW= molecular weight markers
C= Control individual

PCR amplification of exon 14-15
from-9 autopsy SUND victims
MW= molecular weight markers
C- Connrm individual
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Lselsex Status
The PCR results of SUNDS's purents and siblings Genes:  MOA-Aexon 3 4 S6 1415 Keras

Caselicx Status

Genes: MOA-Aexon 3 4 546 14-15 Keras 2 SUNDS IIM . -

Figure 5.3 Stop codon finding in cach open reading of cach SUNDS victims

Stop codon finding
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Foundation of Asian Sleep Research
Society (ASRS)

1st ASRS Congress in Tokyo, Japan

2"d ASRS Congress in Jerusalem, Israel
34 ASRS Congress in Bangkok, Thailand
4th ASRS Congress in Zuhai, China

5th ASRS Congress in Seoul, Korea

6 ASRS Congress in Kyoto, Japan
WorldSleep 2011 and 7th ASRS, Kyoto
8th ASRS Congress in Taipei, Taiwan

3'd ASRS Congress,

34 ASRS Congress Pre-Congress Training Workshop December 3- 7, 2000 Bangkak, Thailand

December 1-2, 2000, Salaya, Thailand

World Association of
Sleep Medicine (WASM)

www.wasmonline.org
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Kyoto International Confert & Center lICG Kyoto)

October 16(sunjz20ithu), 2011 Wlll‘lllSIﬂﬂllzﬂﬂ Sleep is NOT just the absence of wakefulness

KYOTO,JAPAN = _ New Horizons of Seep Research for Our Planet  Active

N o « Complex

Highly Regulated

Involves different areas in the brain

The whole purpose is not fully understood
Essential to life

e We all do it

Wake / Sleep Pattern Development

AS A CHILD DEVELOPS, ITS SLEEP GRADUALLY BECOMES RESTRICTED TO THE NIGHT
Sleep
/

Newborn infant W
1 year olde-" N "V V’

4 years old W

10 years oldw

Adult w

| | | | |
6 P.M. Midnight 6 AM. Noon 6 P.M.

Time of Day

One-third of the life span is spent in sleep, a
state that is crucial for , and




Total Sleep Requirement

gr:ﬁ"“ In Human Adults
-]
J Average
E //
N__ 'ﬁf/'?' /)
m-: short /%7/ Long sleeper
w— sleeper ﬁ/}//’///%

Length of Sleep in Hours

Psychiatric and Mental Health Aspects of Sleep

Changing Social Life Styles, Economics, Politics & Environment

‘Sleep Deprivation or Insufficient Sleep + Stresses ‘

'

‘Sleep disturbances or Sleep Disorders |4_

!

Sleepiness + Poor Physical and Mental Health

|

Mental Health and Psychiatric
Disorders |

Sleep is regulated by the brain,
its genetic clocks, neurochemical

transmitters, hormones, and mediators.

Sleep is determined by genetic
factors and developmental learned

experience.

Sleep is sensitive to
environmental factors e.g.
temperature, noises, pollution,
psychological anxiety and stress,
foods and drugs etc.

Physiological changes during
sleep. Sleep consists of several
cycles between stages 1 and 4
and rapid eye movement (REM)
sleep.

As sleep deepens, eye movements
become less prominent;
movements of the head, heart
rate, and respiration all decrease.
As the level of sleep lightens,
these trends reverse. During REM
sleep heart rate and respiration
increase, as does penile erection.
Neck movements can occur just
before and after an episode of
REM sleep, whereas during REM
sleep muscle tone is very low.
(EOG, electro-oculogram; EMG,
electromyogram.)

How do aquatic mammals sleep?
With one half-brain at a time !!!

19/07/57



The optimal amount of sleep is not a meaningful concept
unless the timing of that sleep is seen in relation to an
individual's circadian rhythms.

A person's major sleep episode is relatively inefficient and inadequate

when it occurs at the "wrong" time of day; one should be asleep at least
six hours before the lowest body temperature.

The timing is correct when the following two circadian markers
occur after the middle of the sleep episode and before awakening:

(1) maximum concentration of the hormone melatonin, and
(2) minimum core body temperature.

Human sleep needs can vary by age and among
individuals, and sleep is considered to be adequate when
there is no daytime sleepiness or dysfunction.

Moreover, self-reported sleep duration is only moderately correlated with
actual sleep time as measured by actigraphy, and those affected with
sleep state misperception may typically report having slept only four hours
despite having slept a full eight hours

The endogenous circadian rhythm of sleep in humans.

A. A human volunteer isolated in an underground bunker is initially
exposed to a normal day-night cycle and exhibits a circadian period of wakefulness
(white bar) that is synchronized with the day-night cycle. However, following
removal of external cues (after day 3) the volunteer’s circadian cycle lengthens
from 24 hours to approximately 26 hours (days 4-21). Because the endogenous
cycle of the volunteer is longer than that of the normal day-night cycle, the period
of wakefulness slowly drifts out of phase.

Following reintroduction of environmental cues to the normal day-night cycle, the
subject’s periods of wakefulness once again become synchronized to the day-night
cycle. B. The suprachiasmatic nucleus in the hypothalamus is the master circadian
clock of the nervous system.

CIRCADIAN BODY RHYTHMS

SCN

MELATONIN

Serum melatonin (pg/ml)

0
9 11 13 15 17 19 21 23 1
HOURS

25 79

How do we normally sleep?
In human, all other mammals and birds, sleep
is divided into two broad types: rapid eye
movement (REM) and non-rapid eye
movement (NREM or non-REM) sleep.

Each type has a distinct set of associated
physiological, neurological, and psychological
features. The American Academy of Sleep
Medicine (AASM) further divides NREM into
three stages: N1, N2, and N3, ( previously
there is also the last of which is also called
N4) or delta sleep or slow-wave sleep (SWS).

Hypnogram showing sleep cycles from midnight to 8.00 am, with deep sleep early
on. There is more REM (marked red) before waking.

Sleep proceeds in cycles of NREM and REM, the order normally being N1 — N2
— N3 — N4— N3 — N2 — N1 — REM. There is a greater amount of deep sleep
(stage N3 and N4) earlier in the sleep cycle, while the proportion of REM sleep
increases later in the sleep cycle and just before natural awakening.
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Electroencephalography (EEG)
Electro-oculography (EOG)
Electromyography (EMG)

W NP

Neutral ground
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Two distinctive phases of sleep:
1. Non-REM Sleep

2. Rapid Eye Movement (REM)
Sleep was discovered by Eugene
Aserinsky and Nathaniel
Kleitman in 1954, and was later
found to be associated with
dreaming

Rapid Eye Movements (REM) Sleep




REM Sleep
¢ “Rapid Eye Movement”
* REM called paradoxical sleep

— Brain waves similar to waking state, but person is
deeply asleep and unable to move

* Most dreaming takes place during REM

"~ fuake

T taie

SMI?WMMW—%-- -==--Staje 2
LA l i “)” .o Stage 3
Stage ] -

3 “ ]
TIME (hours)

STAGES OF SLEEP
w

HYPNOGRAM

2 3 4 5
HOURS OF SLEEP

What Happens When We Sleep?

e Stage 1
— A twilight zone between full wakefulness and sleep.
— The brain produces small, irregular, rapid electrical waves.
e Stage 2
— Brain waves with characteristics of Sleep Spindles and K-Complex before
slipping into unawareness of the surrounding.
— Eyes unresponsive and bodily functions slow.
e Stage3and4
— The most profound state of unconsciousness and quiet resting sleep
— The brain produces slower, larger waves, “Delta” or slow-wave sleep.
* REM sleep

— Vivid dreaming during rapid eye movements, and body with no muscle
tone to prevent body movements.

— Brain waves resemble those of waking more than quiet sleep.

These stages are repeated four or five times a night.

19/07/57
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Human Brain areas related to

Waking, Sleep and dream

19/07/57
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Serotoninergic pathways from Raphe
nuclear complex

SEROTONIN

19/07/57
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Simultaneous sleep and functional magnetic
resonance imaging (fMRI) studies

Max Planck Institute of Psychiatry

During wakefulness, acoustic stimulation elicits activation of
the auditory cortex (red). Similar stimulation during light
NREM sleep stage 2 evokes transient down-regulation of
widespread cortical areas (blue), supposedly a sleep
protective mechanism.

19/07/57

During phasic REM
sleep periods with
high number of rapid
eye movements, high
cortico-thalamic
activity (red) is
generated in

the brain.

CEREBELLUM

FIGURE 10-10. Schematic illustration of the distribution of histamine-con-
taining neurons in brain, MLR.F., mesencephalic reticular farmation; M.E.,
mammillary bodies; M.E.B., medial forebrain bundle. (Modified from

Schwartz ¢t al., 1986)
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Prostaglandin D, and Sleep

HO,

SN
COOH

o oH
1. PGDs is a major prostanoid produced in rat brain.
(Narumiya et al., 1982)

2. PGD; induces sleep in rats and monkeys after
intracerebroventricular administration.
(Ueno et al., 1983; Onoe et al., 1988)

3. Deep sleep in patients with mastocytosis or African
sleeping sickness is likely due to overproduction of
PGDs,.

(Roberts & Oates, 1985: Pentreath et al.. 1990)

Mechanisms of Sleep-wake Regulation
by PGD, and PGE,

Wake Center

Posterior hypothalamus

Sleep Center

Basal forebrain Preoptic area

L-PGDS Caffeine  Benzodiazepine H, antagonists

GABA Histamine
DPR Adenosine Galanin 4"
P — —
AR TMN
VLPO t
PGD, PGE;

Hayaishi & Urade, Neuroscientist 2002

Sleep Disorders - Socioeconomic
Consequences

¢ 40 million Americans suffer from chronic
disorders of sleep and wakefulness.

® 95% of these remain unidentified and
undiagnosed.

e The annual direct cost of sleep-related
problems is $16 billion, with an additional
$50-$100 billion in indirect costs (accidents,
litigation, property destruction,
hospitalization, and death).

What else about sleep?

Sleep disorders are common

Sleep disorders are serious

Sleep disorders are treatable

Sleep disorders are underdiagnosed

dayafisausaalaeasdnisausialan (WHO) uanein dszanm asanils
(50 %) aesdszansuaddaniianudssnanisiintlym via Anw
a a o a  w - a a o & -
AndnAlunisuaunay ladileafiaauindnilunisuaunauiazil
NANTENUALMSINNULRISNNE was i lnaimslsndu JnRatnauuaad

ansiunzangalnsunndeliu wiarlianaanid fainisdseuau

agnsnnluaanansiu (Excessive Day-time sleepiness) finasa
n155uf AN4dn n1sandula AniAnnieansu uazn1sAILANNIS
ARLAUBINIANUSIINNE wazARlafdAnsansAsTia AnuAnnEly
nsuaundLisiTliiAinANuEaIagINAansIRngIiRwe LaE HAnE 9
asslaviliAnanaudamaadndlugiuass Aefin niwddu fwuandaudisl
wammaAsugiasuaunmeaa (WHO 1998 uaz WHO 1999).
luilaqrivasanisaunsialanlalinnudranyiuilymiFasaainisuaunay
waznisilasnu Snenininanuinlndlunisuauvaunuumig qagieaxnn
wuy Worldwide Project uaz ns@nmdsesinliianuiiaudiadng
snnlwdtnssnu Sleep Medicine
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Major sleep disorders:

1. Insomnia (Depression, Situational etc.)
2. Hypersomnia
Excessive daytime sleepiness
Narcolepsy
3. Parasomnia
Night terrors, Nightmares
Snoring
sleep apnea syndrome
Central or Obstructive, or mixed
Sleep paralysis, Restless leg Syndrome
Sleep Walking, Sleep talking, Bruxism

Sudden Nocturnal Death Syndrome etc..

1 Qs .
21n15uauliinay (Insomnia)
Tunguveslaynmuazanuiauniluntsuaundusiingne
a a P a o '

ansilulgmnnuldusy lnansznuiuuszynsaeng
N ndvneuasdrdnnganslulsznalve uasvialan
fa @ n1suaulaingu (Insomnia) Fasneadudi guae
= Yl . ° . !
491M1391NAMUFAN (Subjective Complaint) 91 Wau
waulaldiieaws waunavenn (Idaan wnndn 30 wai
= o o oA a a ' A& A o
Jwiau) wavlddawlios wsiziunansfulsy wsaRuLdn
wulduaglisnunsandude  uashudunudageddndag
' a ' a ° Y a a = 3
douwde liaavu viliiinidnasen Tanunndnsuiu
NANUTENANNAALAZANTIFUEY  VIREUnE 974
uaz Jo1n1sddeuaustneguusslunaunasdu

Insomnia
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Restless Legs Syndrome (RLS) is a neurological sensorimotor

disorder which has a significant impact on sleep’

Referance: I. Haning W, ot al. Sleap Mad 2004;5: 237246
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Typical polysomnographic recording of periodic
leg movements (PLMs)
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Brain: iron tissue concentrations low on MRI

RLS Normal R2* (sec?)
30
e
~ta
& 0

R2* images in a 70 year old RLS patient and a 71 year old
control subject. Much lower R2* relaxation rates are
apparent in the RLS case in both red nucleus and substantia
nigra. (From Wayne Hening, 2004)

PLMD/RLS

Sleep. 2011 Mar 1;34(3):341-7.
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Sakurai Nature Reviews Neuroscience 8, 171~181 (March 2007) | doi:10.1038/nrn2092

Hypocretin/Orexin

brain  neuro-

level of activity during:
region  transmitter

arousal sleep
VLPO GABA ] +
L norepinephrine ++ 0
Raphe  serotonin ++ o
TMN histamine -+ o
LHA  orexin ++ ]

http://journals.prous.com/journals/dnp/20031608/html/dn160504/images/Deleccea_f1l.jpg

Abnormalities of Sleep

» Night Terrors

Abrupt, anxious awakening from a
nREM sleep

More common in children than in adults

» Sleep Talking
Can occur in REM or nREM sleep
Harmless

» Sleep Walking

Usually in Stages 3 or 4 sleep
Early in the night
More common in children

REM-Behaviour
Disorders (RBD)

17
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Exhale Airway obstructs Airway opens

Airflow
Effort gradually increases

Inhale
Thoracic . m

effort

Abd.
effort ) Paradoxing Ends

LB T e

SAO2 Blood oxygen levels
reduce to 23% of

baseline value
5 2| P

Obstructive Apnea A complete blockage of the airway
despite efforts to breath. Notice the effort gradually
increasing ending in airway opening.

Daytime Sleepiness (ESS) in a Population-
Based Sample

10 - N=3,283
5 Mean = 8.0 + 4.6 20%
s -
c 71
] Moderate OSA = 11.5
£ 67
251
& 4
X 3] Severe OSA = 16.0
24 Narcolepsy = 17.3
14
0.

01234567809101112131415161718192021222324
Epworth Sleepiness Scale Score (0-24)
OSA = obstructive sleep apnea; Myers et al. (2003), Sleep 26(suppl):A194

Daytime Sleepiness (MSLT) in a General
Population, N=259

7.7% 29.0%

Daytime Sleepir
Anesthesia Residents

Mean=11.4 8 hours TIB x 5 nights

Sleep Apnea
0hrTIB x 1 night | 6 hrTIB x 4 nights

10 hours TIB x 14 nights
(full alertness)

8% arcolepsy

6%

4%

0 10

MSLT (Minutes)
TIB = time in bed; Drake CL et al. (2002), Sleep 25(suppl):A91
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Car Crashes in Sleep Apnea Patients

(Millions)
° o
N w
1 1

Crashes/Driver/5-Year
o
a

All Drivers Mild Apnea Moderate Apnea Severe Apnea
(N=3.7) (N=16) (N=17) (N=13)

Findley LJ et al. (1989), N Engl J Med 320(13):868-869
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The Consequences of Sleep Apnea

=
DEPRESSION
-

Progress in Cardiovascular Diseases, Vol. 51, No. 5 (March/April), 2009: pp 351-362
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A study using high-resolution
magnetic resonance imaging (MRI)
scans reports that mammillary
bodies — brain structures involved
in memory — were 20%

smaller in patients with sleep apnea
than in controls. These findings, by
Rajesh Kumar, PhD, from the
University of California, Los Angeles
(UCLA), and colleagues, are
published in the June 27 issue of

Neuroscience Letters.
2008;438:330-334

In Thailand, sleepy and drunk driving have
been found to be the major causes of
higher mortality and morbidity, and the loss
of life and property during the last few
years which require annual public health
policies and campaigns against sleepy and
drunk driving.
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Adequate sleep is not only important for good health and
well-being but also for road safety of driving automobiles.
Sleepiness, fatigue and/or drowsiness related traffic accidents
are very common, particularly among long-distance private,
public or truck drivers.

At present traffic accidents kill 1.2 million people each
year. By 2020 traffic accidents will kill 2.3 million people
annually and will be the third leading cause of death.

In Asia Pacific region traffic accidents account for about
60% of global road deaths despite having only 16% of the world
vehicles.

Road deaths jumped by nearly 40% in Asia between 1987
and 1995 while in developed nations they fell by about 10%
because of better awareness and various safety measures.

Sleepiness can be considered as a possible cause of an accident if
there are some combinations of the following:

- sleep deprivation from short and inadequate

sleep preceding the accident,

- long wakefulness exceeding 8 to 12 hours of

driving,

- driving at early morning hours, and

- history of alcohol drinking or taking some

sedatives or medicines which induce

sleepiness.

In this lecture, we explore the current evidence on impacts
of sleepiness, fatigue and drowsiness with or without alcohol
drinking on automobile accidents in different countries, and the
campaign to stop sleepy driving.

Numbers of accident
caused by sleepy
driving / year

0 T T T T T 1
YEAR 2000 2001 2002 2003 2004

Source: National Police Bureau of Thailand
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The accident took place on the Bangkok-bound side of the Mittraphap Highway
in tambon Thap Kwang of Kaeng Khoi district about 4.30am. An 18-wheel lorry
ran across the traffic island and slammed into the Bangkok-Roi Et double-
decker bus of state-owned Transport Co. The bus did not overturn but burst
into flames. The resulting blaze caused many of the fatalities. Both vehicles ran
on natural gas. Ten men, including the bus driver, and nine
women were killed. Sa-ard Boonyoung, the 29-year-old
driver of the lorry, said he fell asleep at the wheel.
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Microsleep

Recent train crash which was blamed on the sleepy train
drivers (15 January 2007)

Sleep deprivation was a contributing factor in
biggest disasters in history, e.g.,

1979 nuclear accident at Three Mile Island,

the massive Exxon Valdez oil spill,

1986 nuclear meltdown at Chernobyl,

1986 space shuttle Challenger accident, and many
others.
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Japan, ¥#8#% Shinkansen
Driver fell asleep when driving

In March 2003, a shinkansen train
stopped at about 100 meters before its
regular stopping point after the driver of
the train fell asleep for eight minutes
while the train was traveling at speeds up
of up to 270 kilometers per hour.

A disaster was averted because the train
was equipped with an automatic control
system that stopped the train when it
pulled into the station.

It was later revealed that the driver had a

sleep disorder.
139
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Driving simulator

Experimental set up on the driving simulator

Study in the public bus driving

Her Royal Highness Princess Galyani Vadhana Krom
Luang Narathiwas Rajanagarinda

And Members of the Committee for the Anti-Drowsy Driving Fund
Ramathibodi Hospital Foundation, Under the Royal Patronage of

Her Royal Highness Princess Galyani Vadhana Krom Luang

“Drowsy or Sleepy, don’t drive campaign”

Narathiwas Rai ind
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