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SLEEP STAGES AND CYCLE FRe T2

. Non-rapid eye movement (NREM)
. Stage 1 -light sleep
Stage 2 - light sleep
. Stage 3/4 - deep, slow wave sleep (SWS)
. Rapid eye movement (REM)

Awake REM SWS

EEG mnor  pent  AAMANAL

Be Ay S

o ik

(EOG) and ] (EMG) Bae & Foldvery-Schaefer. 2005
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SLEEP STAGES AND THEIR FUNCTION

«Non-rapid Eye Movement (NREM)
»Stage 1 transition to sleep
+ 5% total time
»Stage 2: 50% total time
»Stages 3 and 4: slow-wave sleep
+10-20% total sleep time
*Restful and restorative sleep achieved here

*Rapid Eye Movement (REM)
* 20-25% total sleep time

SLEEP CYCLE AND ARCHITECTURE

Normal, healthy people;

Start with NREM 1 then NREM 2, 3, 4, 3, 2, and then REM.
*Cycle repeats at 90-120 minute intervals
«Total cycle repeats 3-4 times a night

*NREM 3 and 4: more prominent is first half of the night, and
decrease later on.

*REM: less prominent in the early night, and increases as the
night progresses

THESE STAGES ALTERNATE DURING THE NIGHT IN A PERIODIC M
ANNER: YOUNG VS. OLDER ADULTS

Awake |
REM o

Stage 1

stage 2

stage 3

Young adults
Stage 4

.............

Hours of sleep Neubauer 1999

m
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1. %:91¢)M Process C9} §9] ¥ 3}
+ Process C (circadian clock)
+ | amplitude of the circadian component

« Process§ (o] 4 -2 9] %)
2
i

+ | EEG activity in the sigma range (13-17Hz; sleep spindles)

¢ 98 e, #7e] 2253, 54 37}

2,57 9 %l 57} (RLS, PLMS, Sleep apnea) sus rostesiegssycroms

2
w9l $H Y EA

v AE7LolE %

« TS
v+ | Sleep efficiency

+ Nocturnal awakenings

+ Sleeplatency 1

+ Wake after sleep onset 1 [iohtin-=hgpnres)

« Stage 1 sleept « Earlymorning awakening

+ | Slowwavesleep(34%HA)  + Daytime drowsiness

MELATONIN SECRETION DECREASES AS A PERSON AGES

concentrations (pg/ml)

0

13 35 57 79 o1 44 13- 45 20- 35 50- 70-
13 15 20 35 50 70 90

Age

Median nocturnal serum melatonin

Wieldhauser et al. 1988
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* Process C - circadian

o)
FUL AR a4

thythm

* Process S - homeostasis

Process-S

(sleep drive) ™)
Process-C
circadian H
(wake drive) H

Greatest urge to sleep = Greatest distance
hetween Process-S and Process-C

7am

Sleep is a Vital Process

Cardio- Metabolic
vascular Disorders
Disease

Sleep Disorders /_\

Psychiatric
i Disease

Neurological
Disease

Hows Much Sleep Do We Really Need?, Netionai Sleep Foundation

490 £ ol

A8 1788 A7 50, A 3 549 543 B84 F2

NREM Sleep is vital

REM Sleep is essential

© Recovery of energy _ Memory consolidation and extinction
Temperature regulation _ Mental functioning
Blood pressure regulation Mood

. Metabolicregulation (insulin

Secretion of GH

( Processing of information

. Activation of immune function

Principles and Practice of Sleep medicine, Kryger, M.H., Roth, T., and Dement W. C.

Effects of
Sleep deprivation

- Irritability

- Cognitive impairment

- Memory lapses or loss

- Impaired moral judgement ‘f

- Severe yawning

- Hallucinations

- Symptoms similar to
ADHD

- Increased heart rate variability
- Risk of heart disease

- Decreased reaction
time and accuracy

- Tremors
- Impaired immune - Aches
system
Other.
- Growth suppression

- Risk of diabetes — \ - Risk of obesity
Type 2 - Decreased
temperature

—+»
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Prevaience of general obesty (%)

OR of overweight £

<5

Sleep duration (Wday)

it

Sleep creon )

SN

Prevalence of abdominal obssky (5)

OR ofobesity g
8

o
3

6 7 8 20 s 6 7 8 =20
Sleep duration (h/day)

(KNHNES 2001-2005) Oty 12, 777208

REAL CONSEQUENCES

*Sleep deprivation (<6 hrs of sleep a night) is an independent

predictor of future weight gain AND obesity in women.

+RR=1.32 for gaining >15kg over 16 yrs for those who sleep 5
hrs/night; RR=1.12 for 6 hrs/night when compared against those
who slept T hrs/night (after adjusting for exercise and caloric
intake).

Worcester, Sharon. “Sleep duration, weight gain are linked in women,”
Family Practice News 36 (15 Oct 2006):44.
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=% £7]7} 94 @1} (prolonged sleep latency)

TS AL 47 % (waking up frequently during the night)
-> sleep maintenance

w2 Ao] g A1 UL 35 o] 57| g

o] g S W A 7ke] o9 (daytime distress) 7

(non refreshing sleep)
Fof gtk

Diagnostic and Stafistical Manual of Mental Disorders, Fourth Edition (DSN-IV)
and International Statistical Classification of Diseases 10th Revision (ICD-10)

SUBJECTIVE DEFINITION

The subjective experience of inadequate or poor quality sleep

. “IIM 'UP”

1 - difficulty Initiating sleep
M - difficulty Maintaining sleep
U - Unrefreshingsleep

P - Premature awakening

_ 23919] 30-45% (% 1/3),
. 85% <] <k o] 884 o] Jolj4] o] 4

A AR e WSk Ak 20% 7t T o) 34
o BAY a3tk 94

C AR BT o Sl ARE L &

15:919] 2 5%, 10%+ A

L

rulm
%5,
dfo

1. Weyerer S and Dilling H. Sleep 1991. 2. Lemoine et al. J Sleep Res 2007.
2. Wade A Aging health 2008 4. Weyerer and Dilling, 1991 5. Wryer and Dilling, 1991
3. Silber MH. Chronicinsomnia. N Engl ] Med.2005;353:803-810

2959 99

Prevalence (%)

do] we

EMid  mModerate/severe

15-19  20-29  30-39 4049 5059  60-69

Age

E

E

70+

Weyerer and Diling, 1991
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+ 519 ¢ (Short sleeper, Long sleeper)

« 48 27] 4 (Circardian delayed, early), % 443 33
W% P (Sleep onset, Sleep maintainence)

A Y T2 YRE ool 248, O 5

-2 244 A3k3}e] e A: RLS, Sleep apnea, Medication

- AN} % £4): Depression, Anxiety

SLEEP DIARY

*Most useful
* prospective monitoring of target behavior
» 2 weeks optimal

» Bedtime, time of sleep onset, times and durations of awakenings

during the sleep period, final awakening time, nap times

» Complete every morning!

&
s ) s -
Consider | Insomnia «| Consider
=] [q = ‘q _9] o Insufficient | symptoms 7| Short
=R R B sleep S sleeper
HHXo| o
0130/ ¢ ,
—
Evaluate for:
« Other primary -
#5440 sleep disorders Consider
as0u + Primary medical, Insomnia due
e 20 S
EmAn 41 psychiatric, and to another
substance-induced disorder
disorders
»
ERREL
s A
SRUE ——
420,35, Evaluatg tO( primary
31 LA, insomnia disorders
VAT ERN G
=ty ¢
O] ‘]-/\4 H Z= ‘(ﬂ 0] o Psychiatric Conditions Medical Conditions®
A8 End ) TJ 1_]
Mood disorders Comorbid seep isorders (e, sleep apnea, estless legs
» 32137 04} (Depression, anxiety, panic disorder) . MﬂiﬁfdeP“fSSiVE disorder yndome, pericic b movement]
5 o 5 « Dysthyrmiccisorder Neurologic e, headache, troke seizue isorders,bran jury,
249 A Jtnous
o 7 e (08A, PLM) Blpo\ardlsordelr ) dementia, Parkinson’s ease)
-l dort Cardiovascular (e, angina, congestive heart falure)
» % & (nicotine, ethanol, caffeine, stimulants, antihypertensives, antiasthmatics) Anxiety disorders 210, NGt !

=

AAAF
Fibromyalgia/chronic pain syndromes
COPDY/ other respiratory disorders

Heart diseases

medication (theophylline, beta blockers)

+ Generalized anxiety disorder
o ic stress disorder (nigh

and flashbacks of the

trauma while trying to sleep)
Attention-deficit/nyperactivity disorder
Eating disorders
- Bulimia nervosa
+ Anorexia nervosa
Adjustment disorder
Personality disorder

Reproductive(e.g, pregnancy, menopause)

Pulmonary (e, asthma, emphysema)

Digestive . iriteble bowwelsyndrome, peptic ulcer)

Arthrtis and other musculoskeletal disorders

Endocrine disorders e.g, diabetes mellus)

Nocturia, incontinence, enuresis and other genitourinary disorders
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Sleep onset Learned or conditioned activation

o,

o]
v

(psychophysiologic)

Anety, including situational, panic disorder
Depressive disorders, ncluding major depression ] }_O‘l : medical COmOIbiditY, medica_tion use
Delayed sleep phase syndrome
Restless leg syndrome

Upper airway resistance +%13 : sharing bed, children interruption, career, family stress
Substances, such as caffeine, decongestant

Sleep maintenance Excessive time in bed

Major depression, dysthymia or bipolar disorder o ﬁ ‘\% *é ?l: Studying habits, discl'epancy between
Sleep disorder such as OASA, UARS
Medical ill ness, particularly associated with pain weekdays/weekends

Early awakening ~ Major depression
Advanced sleep phase syndrome
Learned or conditioned activation

(psychophysiologic)

Abbreviations: OSAS, obstructive sleep apnea syndrome: UARS. upper
alr way resistance syndrome.

HALF-LIVES: WHY YOU CAN'T GO TO SLEEP AT 10PN
IF YOUR LAST COFFEE WAS AT NOON.

100
90
80
70
60
50
40
30
20
10

0
12 noon 6pm 12 midnight 6am

WY caffeine still in
body

e

1 H >~ 5
AR FH A4 AT AR
1 Polysomnography

CFUY A4 37 s (R -5

A o g

+ Actigraphy

+ Circadian rhythm sleep-wake disorders
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1{1‘ = g ij% 1 B Key Clinical Unmet Needs in Insomnia

More effective treatments
for insomnia in the elderly
Improvement in sleep
maintenance

More effective
treatments
for pediatric insomnia,

Increasing level of importance
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e N
— “ y Data Monitor

A ﬂ%ﬂmm
E
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PRESCRIPTION MEDICATIONS
APPROVED BY FDA

» Short term use
» Benzodiazepines
+flurazepam (dalmadorm),
friazolam (halcion),
estazolam, temazepam
» Benzodiazepine Reagonist
»Zolpidem (stilnox)

«FDA approved
A TR
» Zolpidem extended-release; latency
» Eszopiclone (lunesta); maintenance
«Ramelteon (rozerem); latency

Benzodiazepines

GABA, (y aminobutyricacid,) 5849 2§, A4, 54, 20| %, F2ot 53
* Many end in“pam” or “lam”

SIS BRI Sleep induction & Total sleep time 1
FEANE AL
(sleep stage 2 5 371, stage 3,4,
REM sleep & 7+4)

- Anxiolytic or/and Anticonvulsant

+ clonazepam (Rivotril)

+ lorazepam (Ativan) -
+ diazepam (Valium)

* Commonly Prescribed for

«‘Short-term’ treatment of insomnia
» Catatonia

Rebound insomnia when withdrawing from long-term treatment
Many patients cannot tolerate 0.5 mg dose (e.g., developing anterograde amnesia)

Triazolam should generally not be prescribed in quantities greater than
a l-month supply

»Zopiclone (imovane) + alprazolam (Yanax) Good for PLMD, RLS
»Zaleplon (sonata) + triazolam (Halcion) Bad for Sleep apnea, snoring.
Triazolam (Halcion) Pros and Cons of BDZ

* Enhance sleep + Sedation, fatigue, depression

« Dizziness, ataxia, slurred speech,

i weakness => Fall down !
* Decrease anxiety .
+ Forgetfulness, confusion

+ Hyperexcitability, nervousness
* Muscle relaxant

« Risk of dependence, tolerance (6712 0l
& Al), withdrawal (reboundinsomnia)

- d/tlong-term adaptations

* Rare hallucinations, mania
* Rare hypotension
* Hypersalivation, dry mouth

Non-benzodiazepine hypnotics (Z-drug)

*alpha 1 isoform selective agonist of GABA-A/benzodiazepine receptors
o AR U ol g | Jel T e AR a5
o 6127 ETIA AR F 1 U ARSI A SAIZ AR A O

« Cytochrome P450 (CYP3A4) 7t & kol Jall A

» zolpidem (Ambien, Stilnox)

+ zolpidem ER (Ambien CR, Stilnox CR)
» zaleplon (Sonata)

* zopiclone (Imovane)

B3N zolpimist)? Lol 3 Ol = Gl

Zolpidem (Ambien, Stilnox)

* Commonly Prescribed for

=Short-term treatment of insomnia (controlled-release indication is
not restricted to short-term)

» As needed for the treatment of insomnia when a middle-of-the-night awakening is followed
by difficulty returning to sleep and there are at least 4 hours of bedtime remaining before
the planned time of wakening (Intermezzo; £ 9 4 814)

+ ol FEAo] JHHo| g 2 o Hojut 252 A= A L, AW Rk Aol

i

* Best Augmenting Combos for Partial Response or Treatment Resistance
» Generally, best to switch to another agent
» Trazodone

+ Agents with antihistamine actions (e.g. diphenhydramine, tricyclic antide
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Pros and Cons of Zolpidem

+ Improves quality of sleep * Sedation

+ Effects on total wake-time and * Dizziness, ataxia
number of nighttime awakenings
may be decreased over time

* Dose-dependent amnesia

+ Hyperexcitability, nervousness
+ Not a benzodiazepine itself, but o e
binds to benzodiazepine

Teceptors * Diarrhea, nausea

+ Tolerance and abuse have not * Headache

been shown to be a major
problem in the general
population

+ Ingeneral have shorter duration
of action than most benzos and
therefore are less likely to cause
next day sedation

BENZODIAZEPINE RC AGONISTS

Agent Dose (mg) Half-life(h)
NONBENZODIAZEPINES
Zaleplont 5 (elderly) ~1
10 (adults)
Zolpidem! (45) 5 (elderly) 1445
10 (adults)
Zopiclonet 15 3.8-6.5
BENZODIAZEPINES
Short-actin
Triazolam! (3%) 0.25 1555
Intermediate-acting
Temazepam! 1.5,15, 0r 30 3.5-18.4
Long-acting
Flurazepam HCIt 30 41-100

MELATONIN; SLEEP-PROMOTING FACTOR

RAMELTEON (ROZEREN)

» Selective agonist at MT1 and MT2 melatonin receptors
+ FDA approved for sleep-onset insomnia (2005)

» Not restricted to short texm use

=]

=

Al

o

wio
Jph

+0ld age, REM +HE ZAADIX %1, ATt 29 3
» Associated with headache, drowsiness, fatigue and nausea, prolactin 1
1 No rebound insomnia or withdrawal symptoms (Roth et al, 2006)

1 8mg dosage only

CIRCADIN® V3. INMEDIATE-RELEASE MELATONIN

Immediate-release melatonin has a rapid onset to high levels and is rapidly metabolised

1 tablet,aftertood

L. 2 ‘hours before bed, same time every day

/* \ 3 ‘months treatment period, then doctor evaluation

» /
] \
35 \
9 / \
=4 / \
8
g
2

&

o

o s 4oz 6 1 8 9o

Time ()

& Fast release Melatonin
& Circadin®- Prolongec-release melatonin

2isapel 2010 The Open Neuroendocrinology Journal, 2010, 3, 85-95

Circadin® vs. Endogenous Melatonin

_ Circadin® releases melatonin over a predefined extended period of time

_ circumvents both the build-up of high levels and the fast clearance of melatonin

Circadin *~Prolonged relesse melatonin Endogenous melatonin
%
K
195
g

i
i
!
o
5

q 2 4 6 L 2 0w owou 6 @
‘Time (hours) Time of Dey; hours)
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Antidepressants

+ Commonly used for insomnia but are not FDA approved

SOl ARRIY BH2ELIN R HEC2 2BNLEY

+ TCA; amitriptyline
* Trazodone

+ Mirtazapine

TCA (MITRIPTYLINE, INTPREMINE)

= H1 : Anti Histamine
» Alpha | :alpha 1 blockade adrenergic
Sleep onset, maintainimproved
SWincreased
REM decreased: REM 7% #¥1 o] 703 93 & 2 EF| 23 o ol £33}

Good for snoring, but Bad for PLMD
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TCA (DOXEPINE)
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Trazodone

SARI (serotonin 2 antagonist/reuptake inhibitor); antidepressant; hypnotic

+ ol ORISRy 48|92} 5-HT1A, 5-HTIC 5-HT2 +BAIE UH|
+ The most commonly prescribed agent for treating insomnia across all classes of medications
+ No good research to support its use

+ Major side effects: sedation, dizziness, dry mouth, orthostatic hypotension, priapism (rare)

How to Dose
Insomnia: initial 25-50 mg at bedtime; increase as tolerated,
usually to 50-100 mg/day (depression), but some patients
may require up to full antidepressant dose range

Mirtazapine (Remeron)

+ Histamine 1 receptor antagonism may explain sedative effects

» Histamine 1 receptor antagonism plus SHT2; antagonism may
explain some aspects of weight gain

» Associated with weight gain, increased appetite, daytime sedation
and dizziness

OUHHERIN A= B HEY ZHEN ST

* How to Dose

v Initial 15 mg/day in the evening; increase every 1-2 weeks until
desired efficacy is reached; maximum generally 45 mg/day

Polysomnographic Effects of Sedating
Antidepressant Drugs on Sleep

Stage 3/4 NREM
Drug Sleep Latency  Sleep Continuity’  Sleep Amount (%) REM Sleep Other
Doxepin 3 i o 1 amount, % of REM 1 sleep apnea (minor
il phasic eye movements  effect); & or T nerfndl(
(REM density) limb movements; |
restless legs symptoms
Amitriptyline & 1 “ | amount, % of REM mavv:du(]eezep
T phasic eye movements movements during
(REM density) NREM sleep
Trimipramine | i o & amount, %
Trazodone | otol ) & amount, % (L to Tin
individual studies)
Nefazodone ¢ i o o
Mirtazapine | 1 o o
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Summary of Other Drugs|

Summary of Other Drugs II

Time to
Maximal Elimination
Choral hydrate  Two-carbon molecule  Short Converted to 5-10 h (for Barbiturate-fike effact at Drug Drug Type Concentration  Metabolism Half-Life Mechanism of Action
trichloroathanol,  trichloroethanol)  GABA-A recapt - e o : : ;
v?rfich ::de?;ges KIRmeare) i Melatonin Hormone 20-60min  Conjugation; 40-60 min Agonist at melatonin type
conjugation 2:;&1&[222 by CYP 1and type 2 receptors
Olanzapil Thienobenzodiazepine 4-6h CYP1A2, CYP2D6  20-54h iz 3 5 " : § ;
anzpine Sl Anfagomzes Hu i 0o My Diphenhydramine ~ Ethanolamine 225h Hepatic 4-8h Antagonize H, receptors
antipsychotic 5-HT,, D, receptors SR 5
antihistamine demethylation,
Quetiapine Dibenzothiazepine ~ 1-2h CYP3A4 6h Antagonizes H,, a, M, oxidation
A SHT, D; receptors Doxylamine Ethanolamine 2-3h Most excreted 10 Antagonize H, receptors
Gamma- Endogenous four- 30-45 min Metabolizedto ~ 20-70 min May act directly as antihistamine unchanged in
hydroxybutyrate  carbon molecule GABA, succinic neurotransmitter, urine; some
(GHB) semialdehyde, increase brain dopamine hepatic
H,0and CO, levels metabolism
u] 5 3} 63 (ACP) WA B 5 A B 7he] Egfel @

CHSNDYE ARAE 23t

.

SUCCESSFUL TREATMENT FOR CO-MORBID INSOMNIA
AND SLEEP APNER

1284000 22 IgeN
2 e n 0 e
BUgAR2 w2 » Co-occurring insomnia and sleep apnoea is a highly prevalent
VPUBH AR ) "
g Mo s o = Consider overlapping symptoms when measuring insomnia co-morbid with OSA.
BN Lol Wi 4000 i (')
BEAD MR = T : , , . 1 o
L] el » When primary focus is on treating OSA should routinely evaluate their patients for
#62400m) T — . . . s . -
890080 T— <u — ] insomnia symptoms and consider specific insomnia treatment (e.g., CBTY) if
e z e
B :m :: :: T ] patients have poor adherence or response to OSA treatments such as CPAP.
VU AR a8 i . : . o
] T M 88 CECT] no8 » Conversely, when primary focus is on the treatment of insomnia patients, should
LS » 28 el Ll L ] 3 i : 0
it 8 e T screen for underlying OSA.If OSA is present, patients may require targeted
BRETONI ORIV W VR peEN2 L L L. treatments for each disorder (e.g., with CBTi and CPAP therapy).
BERD w8
WA A 2016.08.07 Steep Medicine Reviews 1ocx (2016) 1-11
uj O}
AR 2
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