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Sleep-wake regulation:

- The Two-Process Model

- Borbély AA. A two-process model of sleep regulation.

Hum Neurobiol 1982; 1: 195-204.



Sleep-wake regulation:
- 2 major processes

- Circadian (chronobiological)

- Homeostatic



Sleep-wake Regulation:
- Circadian

- From the cellular to the system level, the variation in intrinsic activity over 24h follows a sinusoidal 

curve.

This activity is controlled by an internal clock in the suprachiasmatic nuclei and synchronized to 

the time of day by external cues, predominantly the light-dark cycle.



Sleep-wake Regulation:
- Homeostatic process

- The need for sleep (sleep pressure) as a function of time since the last adequate sleep, homeostatic 

sleep drive.

- Can be measured retrospectively by the amount of slow wave activity during sleep; the longer 

someone has been awake, the more slow wave activity will be recorded in his or her EEG when 

they do sleep.



Sleep-wake Regulation:
- There may be different subtypes of insomnia based on specific night-to-night 

sleep patterns.



Sleep-wake Regulation:
- Consistent with the two-process model, levels of adenosine and melatonin have 

been reported as relevant relevant for sleep-wake regulation.



Sleep-wake Regulation:
- Melatonin, a hormone produced by the pineal gland, is suppressed by light. It’s 

secretion starts at twilight and peaks during the middle of the night. This 

hormone has been associated with the circadian process.

- The neuropeptide adenosine has been identified as a sleep promoter and can 

inhibit arousal by blocking the activity of the orexin system, known to induce 

arousal and wakefulness. It has been hypothesized that adenosine is associated 

with the homeostatic process, as it’s production is closely linked to the amount of 

time awake.
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Sleep-wake Regulation:
- The ventrolateral median preoptic nuclei (which both (?) contain GABAergic 

neurons) inhibit the ascending reticular system and, thus, constitute the main 

sleep-promoting system.

- Orexinergic neurons in the lateral hypothalamus modulate sleep–wake regulation 

by reinforcement of arousal pathways in the brainstem, and have a direct 

excitatory input to the cerebral cortex and basal forebrain.



Sleep-wake Regulation for normies:
- Wakefulness is governed by neurons in the upper brainstem projecting to higher 

brain areas.



Sleep-wake Regulation for interested ppl:
- Cholinergic neurons provide input to the thalamus and basal forebrain whereas 

monoaminergic neurons directly innervate the thalamus, basal forebrain, and 

cerebral cortex. Orexinergic neurons in the lateral hypothalamus reinforce the 

activity of these brainstem arousal pathways and also directly excite the basal 

forebrain.



Sleep-wake Regulation:



Sleep-wake Regulation for orthopods:

- There’s chemicals in the brain and stuff.





Insomnia:
- One of the most common medical complaints.

- Prevalence 10-20%. 50% chronic.

- 2002 6% chronic, 50% acute.

- Common.

- Remits spontaneously?

- Causes daytime symptoms

- Irritability

- Fatigue

- Risk factor for impaired function, development of other medical and mental disorders, and 

increased health care costs.

- ~50% have a psychiatric disorder.

- >50% of patients with psychiatric disorders have insomnia.

- Up to 80% of patients with depression report insomnia, frequently predates the development 

of depression. Resolution of insomnia predicts a favorable response to treatment of 

depression.



Insomnia:
- Ddx

- Anxiety

- Substance use disorders

- Posttraumatic stress disorder

- Suspected association with increased risk of suicidal thoughts and behaviors.



Insomnia:
Quality of Life:

- Increased fatigue

- Sleepiness

- Confusion

- Tension

- Anxiety

- Depression

- Less likely to receive promotions, more likely to have accidents, absent from 

work, errors, health problems.

- QoL comparable to CHF/depression.



Insomnia:
Cognitive function and performance:

“Patients with insomnia are almost universally concerned that their poor sleep has 

negative consequences on their performance of daily tasks and consistently report 

subjective performance deficits. However, patients with insomnia tend to overestimate 

the magnitude of the performance deficit, just as they tend to overestimate the 

magnitude of their sleep deficit.”

(Average 25 minutes ( meta-analysis 2014))



Insomnia:
- Medical conditions

- Pulmonary disease >50%

- Hypertension

- Increased risk of cardiovascular disease

- Diabetes - up to 50%.

- Neuropathy

- Independent risk factor

- Cancer 25-60%

- Stress, side effects, hospitalization, pain.

- Chronic pain

- Insomnia treatment can improve pain.

- Heart failure 30%

- Rheumatic diseases, IHD, urologic disease, endocrine, dermatologic, GI etc.

- Neurologic disorders

- Parkinson 30%, Alzheimer 25%.



Insomnia:
- Medications

- Stimulants

- Caffeine, methylphenidate, amphetamine, modafinil

- Respiratory stimulants

- Theophylline

- Appetite suppressants

- Antidepressants

- MAO-inhibitors 70%.

- SSRI 5-35%

- Beta blockers

- Glucocorticoids

- Alcohol

- Tobacco

- OTC drugs e.g. nasal decongestants

- Withdrawal (sedatives, hypnotics, glucocorticoids etc)



Introduction:
- International Classification of Sleep Disorders

- ICSD-3

- Insomnia

- Sleep-related breathing disorders

- Central disorders of hypersomnolence

- Circadian rhythm sleep-wake disorders

- Parasomnias

- Sleep-related movement disorders

- Other sleep disorders

- DSM-5



Insomnia:
- 3 types

- Short-term insomnia disorder

- Chronic insomnia disorder

- Other insomnia disorders

- Symptom på insomni men uppfyller inte kriterierna för de andra 2.

- Sleep apnea

- Restless legs syndrome

- Circadian sleep-wake rhythm disorders

- Jet lag

- Night shift work



Chronic insomnia disorder:
- Sleep initiation or sleep maintenance problem.

- Adequate opportunity and circumstances to sleep

- Daytime consequences

- Symptoms 3 times / week, 3 or more months

- Since insomnia is a component of many psychiatric and medical conditions, a 

diagnosis of chronic insomnia disorder should be considered only when insomnia 

is prominent and requires further evaluation and treatment.



Short-term insomnia disorder:
- Same but less than 3 months.

- Often temporally related to a significant stressor.

- Must be an independent focus for the patient and/or require separate clinical 

attention.

- Often resolved when the stressor does or when the patient adapts.

- May evolve into chronic.



Self-medication:
- Patients frequently seek OTC remedies.

- Have increased risk of substance abuse.

- ~25% have tried alcohol as self-administered treatment.

- Alcohol may reduce sleep latency in the short term, but is likely to cause fragmented sleep and/or 

early morning awakening. It also has a significant risk of exacerbating insomnia in the long term in 

addition to other morbidities.



Insomnia approach:
Work up:

- Thorough history

- Patient reported problem

- Sleep behaviors

- Medical problems

- Psychiatric problems

- Medications

- Sleep diary

- Genetics?

- Psychoneurobiological approach

- 3 P’s model

- Predisposing

- Precipitating

- Perpetuating



Insomnia:
- Not defined by a specific sleep amount.

- Self reported symptom.

- Sleep latency (time to fall asleep)

- Wakefulness after sleep onsed >30 minutes

- Objective sleep measures (polysomnography, actigraphy) show considerable 

overlap between good sleepers and insomnia. → Often due to altered perception 

of sleep.



Etiology:



Etiology:
- On a chronobiological level, a misalignment of the circadian process leading to 

phase delays or advances might lead to either prolonged sleep onset latency (the 

length of time that it takes to go from full wakefulness to sleep) or early morning 

awakening.

- These changes might also be shown by delayed or advanced melatonin secretion.



Etiology:
- Dysfunction of the homoeostatic process could explain both sleep onset and sleep 

maintenance difficulties.

- The homoeostatic process has been specifically linked to extracellular adenosine 

concentration in the basal forebrain, which rises as sleep pressure increases.

- Maladaptive behaviours (eg, prolonged time in bed to counteract insomnia) 

might reduce the homoeostatic process.

- Behavioural changes such as bedtime restriction could enhance the homoeostatic 

process and improve sleep.



Etiology:
-  Any brain lesion in areas relevant for sleep regulation, caused by either 

neurotrauma or neurological disease, might also be capable of inducing insomnia.



Etiology:
- At the neurochemical level, several mechanisms of sleep–wake regulation have 

been identified. For example, reduced GABAergic activity or orexinergic 

overactivity might be associated with a weakening of the sleep-promotion system 

or a strengthening of the arousal system, respectively.



Etiology:
- Family studies undertaken in infants, adolescents, and adults have provided solid 

evidence for a familial aggregation of insomnia. In afflicted individuals, between 

35% and 55% of first-degree relatives also have insomnia, which is a substantially 

higher rate of insomnia than that seen in first-degree relatives of good sleepers.

- To separate genetic and environmental factors, several twin studies have been 

done yielding heritability coefficients between 42% and 57%.



Treatment:
- Goals:

- Improve quantitative and qualitative aspects of sleep.

- Reduce distress / associated anxiety

- Improve daytime function

- CBT 1

- Pharmacological



Treatment:
- Predisposing

- Pain

- Nocturia

- SoB

- OSAS

- RLS

- Psychiatric disorders

- Medication side effects



Treatment:
- Perpetuating

- Sleep habits

- Unrealistic expectations

- Consistent times (sleep + wake time) - Sleep diary >2 weeks

- Only sleep when sleepy

- Napping during the day

- Anxiety

- Educate about appropriate attributions of the effects of insomnia.

- Clock-watching

- Age appropriate

- Disturbances



Treatment:
- Skånelistan

- Zopiklon

- Propavan

- Mirtazapin?

- Z-preparat?

- Antihistaminer?

- Benzo?

- SSRI?

- Annat?





Excessive Daytime Sleepiness (EDS):
Impaired function due to difficulty maintaining wakefulness or alertness at appropriate 

times during the day.

- Complaints

- Tiredness

- Fatigue

- Lack of energy

Can signal undiagnosed sleep disorder or other treatable conditions.

Can have negative impact on broad range of activities and their safety.



EDS vs Hypersomnia:
- Often used interchangeably

- Hypersomnolence is excessive sleepiness when wakefulness is expected.

- Hypersomnias are disorders characterized by hypersomnolence.

- Patients use (other) words interchangeably.



EDS Epidemiology:
- Reported by 10-25% of the population.

- Strongest independent risk factors:

- Insomnia

- Smoking

- Others:

- Anxiety

- Depression

- Somatic symptoms

- Snoring

- Obesity



EDS:
Numerous causes, numerous factors.

- Insufficient sleep

- Sleep disorders

- Sleep-related breathing disorders

- OSAS, central sleep apnea, sleep-related hypoventilation/hypoxemia syndromes.

- Circadian rhythm sleep-wake disorders

- Jet lag, delayed sleep-wake phase disorder, advanced sleep-wake phase disorder

- Central disorders of hypersomnolence

- Medical Disorders

- Psychiatric disorders

- Medication and substance abuse

- (Malingering)



Central disorders of hypersomnolence:
- Primary complaint is daytime sleepiness not due to another sleep disorder.

- (E.g. disturbed sleep, misaligned circadian rhythm.)

- Excessive sleepiness is defined as daily episodes of an irrepressible need to sleep 

or daytime lase into sleep.

- Includes:

- Narcolepsy type 1

- Narcolepsy type 2

- Idiopathic hypersomnia

- Kleine-Levin syndrome

- Hypersomnia due to a medical disorder

- Hypersomnia due to a medication or substance

- Hypersomnia associated with a psychiatric disorder

- Insufficient sleep syndrome



EDS Initial Evaluation:
- Hx + PE

- Sleepiness manifests mostly during sedentary activities, in contrast with fatigue, which typically 

affects pursuits of more active goals.

- PE normal (yawning, falling asleep, poor concentration)

- Meds

- Sleep history

- Often caused by sleep deprivation.

- Consider sleep log. (2 weeks)

- Specific symptoms

- Snoring, witnessed apneas

- Leg discomfort, urge to move legs

- Cardinal features of narcolepsy if applicable

- (Epworth Sleepiness Scale >10)



EDS Additional Testing:
- Polysomnography

- OSA, other sleep-related breathing disorders

- Periodic limb movement disorder

- Narcolepsy

- Other central hypersomnias

- Seizures during sleep

- Unclear

- Home sleep apnea testing

- Multiple sleep latency test





Narcolepsy:
- Syndrome with:

- Daytime sleepiness

- Cataplexy

- Hypnagogic hallucinations

- Sleep paralysis

- One of the most common causes of disabling daytime sleepiness after OSAS.

Type 1 25-50 : 100 000

Type 2 20-34 : 100 000 



Narcolepsy:
Etiology:

- Loss of orexin signaling

- Genetics

- Rare brain lesions



Etiology:



Narcolepsy:
- Results from the loss of orexin-A and orexin-B.

- A.k.a hypocretin-1 & hypocretin-2

- Products of prepro-orexin gene.

- Bind excitatorily to ox1 & ox2.



Narcolepsy:
- Type 1 (narcolepsy with cataplexy)

- Shown to have orexin deficiency.

- ~90% reduction of orexinergic neurons. (Selective, adjacent melaninergic neurons intact)

- Orexin low or non-detectable in CSF.



Narcolepsy:
- Type 2

- Unknown cause

- CSF orexin-A normal.

- Less extensive orexinergic loss?

- Impaired orexin receptor signaling?

- Something else?

- 24% have low CSF orexin-A, about 50% of these later develop cataplexy, suggesting progression of 

disease.



Narcolepsy:
- Genetic?

- Autoimmune hypothesis

- Associated with HLA haplotype.

- Highest in spring, triggered by winter infection? Strep throat?

- Pandemrix

- DQB*0602

- Controversial.

- If orexin neurons are killed by an autoimmune mechanism, the process must be subtle.



Narcolepsy:
- Secondary disease

- Brain lesions to the posterior hypothalamus and midbrain.

- Tumors, strokes, vascular malformations, neurosarcoidosis, other inflammatory processes.

- Occurs with genetic syndromes

- E.g. Prader-Willi, Niemann-Pick type C.



Narcolepsy:
- Clinical features

- Disorder of sleep-wake control.

- Elements of sleep intrude into wakefulness.

- Elements of wakefulness intrude into sleep.

- Classic tetrad

- Chronic daytime sleepiness (100%)

- Varying degrees of cataplexy

- Hypnagogic hallucinations

- Sleep paralysis

- Only ⅓ have all symptoms.

- Most patients feel rested when they wake in the morning.



Narcolepsy:
- Treatment

- People with narcolepsy can be substantially helped, but not cured.

- Treatment is tailored to the individual, based on symptoms and therapeutic response.

- The time required to achieve optimal control of symptoms is highly variable and may take several 

months or longer.

- Medication adjustments are frequently necessary, and complete control of symptoms is seldom 

possible.

- The main treatment of excessive daytime sleepiness in narcolepsy is central nervous system 

stimulants such as methylphenidate, amphetamine, dextroamphetamine, modafinil, and 

armodafinil.



Narcolepsy:
- Another drug that is used is atomoxetine, a non-stimulant and a norepinephrine reuptake inhibitor 

(NRI), which has no addiction liability or recreational effects.

- In many cases, planned regular short naps can reduce the need for pharmacological treatment of the EDS, 

but only improve symptoms for a short duration. A 120-minute nap provided benefit for 3 hours in 

patient alertness whereas a 15-minute nap provided no benefit.

- Another FDA-approved treatment option for narcolepsy is sodium oxybate, also known as sodium 

gamma-hydroxybutyrate (GHB). It can be used for cataplexy associated with narcolepsy and excessive 

daytime sleepiness associated with narcolepsy.

- Narcolepsy has sometimes been treated with selective serotonin reuptake inhibitors and tricyclic 

antidepressants, such as clomipramine, imipramine, or protriptyline, as well as other drugs that suppress 

REM sleep. Venlafaxine, an antidepressant which blocks the reuptake of serotonin and norepinephrine, 

has shown usefulness in managing symptoms of cataplexy, however, it has notable side-effects including 

sleep disruption.


