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“Early to bed and 
early to rise, makes 
a man (or woman) 
healthy, wealthy 

and wise.”

Benjamin Franklin



Why Sleep?



What is sleep?

Sleep is characterised by a relative lack of 
responses by the organism, i.e. a reduced 

sensitivity to the outside environment 

e.g., in response to an auditory click the 
EEG response seen is altered*, and it is 

progressively harder to wake someone up 
as they go from shallow stage 1 to deep 

SWS sleep

As such it represents a state of relative 
brain shutdown

From Williams et al, Science 1962

*Auditory click elicits a deepening of 
cortical sleep rather than arousal

Cortical EEG



Structure of human sleep

Sleep is conventionally divided into stages
• REM sleep. ‘Dreaming sleep’

Called rapid-eye-movement [REM] sleep because when 
you are dreaming your eyes flash backwards and 

forwards under closed eyelids.

• Non-REM sleep. ‘Non-dreaming sleep’

• 3 stages (1 to 3) that are not really discrete, but 
represent a gradual deepening

• the deepest stage (3) = slow wave sleep (SWS). 



Division of sleep into stages

• Subdivision of Non-REM sleep into 
stages (1-3) 

• REM / Non-REM differentiation is 
very real

Light sleep, small/faster waves

Getting deeper, with occasional 
big slow waves and ‘spindles’

Deepest sleep with big slow 
waves most of the time (SWS, 

stages 3)

Dreaming sleep, small/fast again
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Division of sleep into stages – the hypnogram
Obtained by staging sleep in 20 or 30 second ‘epochs’

Early in the 
night –

mainly deep 
non-REM 

sleep

GREY 
AREA

Middle of 
night –
lighter 

non-REM 

End of 
night –
mainly 
REM 
sleep

BLACK
BARS

REM cycle length varies between species



Characteristics of sleep

EEG slows 
Response to external stimuli drops.
The body temperature begins to fall. 
Muscle tone decreases.
Breathing slow and regular.
Blood pressure and heart rate fall.
That is until REM arrives!



Characteristics of REM sleep – muscle tone

• There is actual inhibition of the muscles with real paralysis
• This is due to activity of Jouvet’s centre in the brainstem

• This leaves only the diaphragm with which to breath
• This is achieved by ‘hyper-polarising’ the anterior horn cells

Cell 
potential

Muscle

Cord



Why do we sleep?
Core v optional – 1980s: ‘fills the tedious hours of darkness 

until sunrise’.

Suggested theories:-

1) Whole body energy conservation – no point in rushing 
around when there is nothing to do, why not shut down 

and save energy (sloths sleep for 22hrs!).

• But as much body energy would be saved by resting without 
going to sleep. 

• And when the brain is ‘resting’ it still has virtually the same 
oxygen consumption as when doing intense mental arithmetic. 

So just resting the body is not enough for the brain.



Why do we sleep?

2) Is sleep required specifically for brain rest – a time when the 
brain can switch off?

Perhaps to conserve brain energy stores – but the reduction 
in brain activity even with sleep is not that large.

3) Perhaps to allow brain maintenance activities e.g.

• General repairs, not possible when awake and active –
certainly the brain is shut down during sleep – takes a 
while to ‘get into gear’ when woken from deep sleep.

• Specific tasks such as memory consolidation – e.g. amount 
and depth of sleep related to ‘amount of new 

information’ processed the day before.





Effects of Chronic Sleep Deprivation

• Sleep Architecture – conservation of SWS.

• Sleep propensity – MSLT and eye changes.

• Waking EEG – slower (more delta range less alpha 

range).



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

Slower processing.
Poor recall and memory.
Increased rates of MVA in 
drivers reporting <7 hours 
sleep.



Redrawn from Van Dongen HP, Maislin G, Mullington JM, et al. The cumulative cost of 
additional wakefulness: dose-response effects on neurobehavioral functions and sleep 

physiology from chronic sleep restriction and total sleep deprivation. Sleep 2003;26:117-126.

Psychomotor vigilance task 
(PVT) performance lapses 
under varying dosages of 
daily sleep. Displayed are 

group averages for subjects 
in the 8-hour (diamond), 6-

hour (light blue square), and 
4-hour (circle) chronic sleep 

period time in bed (TIB) 
across 14 days, and in the 0-

hour (green square) sleep 
condition across 3 days. 

Subjects were tested every 2 
hours each day; data points 
represent the daily average 
(07:30 to 23:30) expressed 

relative to baseline (BL). The 
curves through the data 

points represent statistical 
nonlinear model-based best-
fitting profiles of the response 

to sleep deprivation for 
subjects in each of the four 

experimental conditions. The 
ranges (mean ± SE) of 

neurobehavioral functions for 
1 and 2 days of 0 hours of 

sleep (total sleep deprivation) 
are shown as light and dark 
bands, respectively, allowing 
comparison of the 3-day total 
sleep deprivation condition 

and the 14-day chronic sleep 
restriction conditions. 



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

Slower processing.
Poorer recall and memory.
Increased rates of MVA in 
drivers reporting <7 hours 
sleep.
Blunted subjective sleepiness.
Increased fatigue-related 
significant medical errors.



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

Resembles depression or 
anxiety:
Poor mood
Irritability
Low energy
Decreased libido
Poor judgement



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

<4 hrs for 7 nights: 
↑ evening cortisol, ↑ sympathetic 
activity, ↓ thyrotropin activity, ↓ 
glucose tolerance.



Lancet 
1999;354:1435-1439



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

4 hrs for 6 nights: 
↑ evening cortisol, ↑ sympathetic 
activity, ↓ thyrotropin activity, ↓ 
glucose tolerance.
↓ SWS by 90% for 3 nights 
reduced insulin sensitivity by 25%.
Increased rates of obesity and 
diabetes seen in sleep restriction.



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

Infection induces increased SWS 
– mediated by IL-1β, TNF-α and 
other cytokines.
↓ NK cell activity, IL-6, TNF-α. 
<7hrs were 2.94 times more 
likely to develop the common 
cold.
Restriction causes 50% 
reduction in antibody titres.



Immune Effects

Sleep restricted to 4 hours for 6 nights, then increased sleep time 
to 12 hours for recovery nights.
Flu vaccine on day 4. Response at day 10 was halved.

JAMA 2002 288:1471-72



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

160,000 healthy. Sleeping <6 
hours/night associated with 
18 year FU: obesity (HR 1.12), 
hypertension (HR 1.08),
LDL (HR 1.07),
Metabolic syndrome (1.09).
20,000 for 12 years: increase 
of 23% in IHD.
Increased inflammation, 
endothelial dysfunction.



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

Depressed ventilatory 
responses to hypercapnia 
and hypoxia.
Inspiratory muscle 
endurance.
ET PCO2 increases.



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

Short sleep duration 
associated with obesity 
although uncertain causality.
¯ Leptin (appetite 
suppressing), ↑ ghrelin 
(hunger promoting)



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality

Increased mortality in short 
(<6.5hrs) and long (>7.4 hrs) 
sleepers.
Nurse Health Study 
confirmed increase in 
mortality below 7 hours.
Many studies, conflicting 
data re U-shape.



Effects of Chronic Sleep Deprivation

• Cognitive
• Mood
• Endocrine
• Immune
• Cardiovascular
• Respiratory
• Appetite
• Mortality



Length of human sleep
Large variation within normality

Distribution of hours slept per night in adults (McGhie and Russell 1962)




