
Introduction to Medical Psychology
Lecture 5: Sleep

Richard Veale

Graduate School of Medicine
Kyoto University



https://youtu.be/3FY0_HUB2ms 

Lecture video at above link.
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Today:
Sleep

1) Structure of sleep (phases)

2) Neurobiological basis of sleep

3) Function of sleep

4) Sleep and health



What is sleep?

Sleep is a reversible loss of consciousness

We can attach wires to scalp while you sleep (electroencephalography – EEG)
→ We see patterns in the electrical activity of brain at different times during sleep
(Kleitman, 1939; REM: Aserinsky, 1953).

→ The state of consciousness and sleep stage determines different EEG wave patterns



Major EEG Frequency bands

EEG frequency bands:

Alpha: 8-12 Hz (cycles/sec):
most common during relaxed 
wakefulness 

Beta: 12-30 Hz

Theta: 4-8 Hz

Delta: 1-4 Hz

Gamma: >30 Hz
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Major EEG Frequency bands: sleep

Stage 1, 2: light sleep
 
Sleep spindle: short 8-14 Hz 
oscillation

K complex: high amplitude, 
sharp wave

Stage 3, 4: deep sleep, slow-
wave sleep

REM: rapid eye-movement sleep

Bear, Neuroscience
Copyright ©2016 Wolters Kluwer-all rights reserved



Sleep cycles
Sleep is characterized by “cycles” from 
sleep stage 1-4 to REM sleep. REM 
sleep duration increases during the 
night with at least 30 min of Non-REM 
sleep between REM periods.

Eye movements cease from stage 2 and 
are numerous in REM sleep (rapid eye 
movement!).

Heart and respiration rate are low 
during Non-REM but high during REM 
sleep.

Penile erections are common during 
REM sleep.
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Sleep stages

Most muscles are paralyzed during REM sleep (sleep atonia).

Some patients, in particular elderly men, suffer from REM sleep behavior 
disorder: their muscles are not paralyzed during REM sleep and they act out their 
dreams, potentially hurting themselves or their spouses.
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Dreams

Dreams are most vivid during REM sleep. This 
can be tested by waking up sleepers during this 
phase and asking what they just dreamed (about 
80-90% of the time dreams are reported).

In adults, ca. 25% of sleep is REM, in newborns 
about 50%.

However, dream-like experiences also occur in 
Non-REM sleep phases.

REM sleep dreams are often vivid, episode-like, 
bizarre, emotional, and include movement in the 
dream. Non-REM sleep dreams are often less 
vivid, less visual, more thought-like and 
conceptual. S. Dali



Neural Mechanism of Sleep 1

Lesions in brain stem areas can lead to 
unconsciousness (coma).

Different brain stem areas that use 
various neurotransmitters 
(norepinephrine, serotonin, histamine, 
orexin, and acetylcholine) constitute a 
diffuse modulatory system that 
activates neurons throughout the 
brain and control sleep and 
wakefulness.

Ascending reticular activating system:
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Neural Mechanism of Sleep 2

The activation of brain stem neurons (using 
norepinephrine, serotonin, and acetylcholine) 
leads to increased excitability (by sensory 
stimulation), wakefulness, and a suppression of 
rhythmic firing, in particular in the thalamus (red 
circle), the “gate-keeper” of the brain.

When Non-REM sleep occurs, these brain stem 
centers decrease their activity, and slower brain 
rhythms (delta) are observed in the EEG because 
of the thalamic influence (rhythmic neuronal 
firing).



Neural Mechanism of Sleep: REM

Control of REM sleep:
Neurons in the brain stem (red circle) 
that use norepinephrine and 
serotonin as a neurotransmitter have 
very low activity before REM sleep. 
Acetylcholine neurons increase firing 
during REM sleep and modulate 
thalamus and cortex activity.  

Brain stem nuclei also inhibit spinal cord motor neurons which leads to muscle 
paralysis during REM sleep.



Circadian Rhythm

Humans obviously have some circadian 
cycle that tells them when to sleep and 
when to be awake: a biological clock.

This clock is synchronized to the 
outside light situation, think of the 
desynchronization during jet-lag.

When humans are isolated without 
reference to the outside world (e.g., in 
a mine shaft), they keep a ~25h rhythm. 

Graph: solid line: sleep
dashed line: awake 
triangle: body temperature minimum 
(usually at the end of sleep)

Bear, Neuroscience
Copyright ©2016 Wolters Kluwer-all rights reserved



Circadian Rhythm

In experiments conducted in the 1970s close to Munich, volunteers were 
isolated for 6 weeks in a bunker where activity and other parameters were 
measured.



Circadian Rhythm

Participants (often students) could engage in their own chosen activities, but 
never met anybody. They communicated with the outside world via intercom 
and received nutrition according to their wishes.



Circadian Rhythm:
Mechanism?

An important structure for keeping the 
circadian rhythm is the SCN 
(suprachiasmatic nucleus). 

It has clock neurons with firing rates 
depending on the time.

It is also sensitive to light (via a 
connection to the retina of the eyes) 
which can “reset the clocks”.
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Function of Sleep

Why do we sleep? Three types of theories:

1) To regenerate 
E.g., restore stocks, energy etc.

2) To stay hidden during the night and save energy
giraffes sleep ~3h/day, lions ~13.5 h/day, 
brown bats ~20h/day

3) To form memories from our daily experiences
to consolidate memories, to strengthen neural connections 
encoding these memories. Behaviorally, sleep improves memory 
(skills, facts) compared with a similar duration of wakefulness.



Lack of sleep can cause death?

Do we die without sleep?

Two rats, stimulation is yoked:
both rats are on a plastic disk, when this disk 
starts turning, they have to move into 
opposite direction, otherwise they fall into 
water (3cm deep).

The disk motion starts when the experimental 
rat starts sleeping (measured with EEG).

For the control rat, this motion is not related 
to sleep.

Thus, the experimental rat is sleep deprived, 
the control rat gets enough sleep, but same 
disk motion.

Rechtschaffen et al., Science, 1983, Disc-on-water-experiment



Lack of sleep can cause death?

Do we die without sleep?
Rechtschaffen et al., Science, 1983, Disc-on-water-experiment

The experimental rats died within 2-3 
weeks of sleep deprivation.

They exhibited weight loss (in spite of 
increased food intake), motor problems, 
and lesions on paws and tail. 

Possibly, this was a result of increased 
energy expenditure due to sleep 
deprivation.



Lack of sleep in humans?

Gulevich et al., General Archives of Psychiatry, 1966

In a famous high-school science project, Randy Gardner (17 years) stayed awake 
for 11 days (no drugs, no caffeine).

After 2 days, irritability and memory/concentration problems occurred.

After 7 days, tremors occurred, speech was slurred, no alpha in EEG was 
observed, at times he experienced paranoia and hallucinations. 

When he went to bed, he slept for 15 hours, was awake for 23 hours and slept 
another 10.5 hours. Within a week he was sleeping normally and had no lasting 
harmful effects.



Effects of disturbances to rhythm:
”Jet Lag” 1

Cho, Nature Neuroscience, 2001

Jet-lag is a problem for staff on long-
distance flights.

For this experiment, Cho chose different 
airlines that either had policies of short 
recovery periods after long-distance flights 
(5 days) or long recovery periods (15 days).

During the recovery periods, short-distance 
flights occurred. All cabin attendants had 5 
years job experience. 

Cho measured volume of the medial 
temporal lobe (important for memory) in 
cabin attendants of different airlines.



Effects of disturbances to rhythm:
”Jet Lag” 2

Cho, Nature Neuroscience, 2001

There were significant reductions in 
temporal lobe volume (important for 
spatial learning and memory functions), in 
particular in the right temporal lobe.

The short-recovery crew was also 
performing worse and slower in a 
visuospatial task.



Effects of disturbances to rhythm:
”Jet Lag” 3

Cho, Nature Neuroscience, 2001

Previous studies have shown higher cortisol 
levels for sleep-deprivation and after long-
distance flights (jet-lag).

Cortisol is a “stress” hormone secreted by 
the adrenal glands. The hippocampus (part 
of the medial temporal lobe) has receptors 
for this hormone.

In this study, right temporal lobe volume 
was correlated with cortisol levels:
high cortisol, low temporal lobe volume.



Sleep and Disease

http://healthysleep.med.harvard.edu/healthy/matters/consequences/sleep-and-disease-risk

Insufficient sleep increases the risk for:
Obesity (in particular if sleep < 6 hours/night)

Diabetes 
Heart disease / Hypertension
Mood disorders (such as depression) 

Sleep deficits lead to cognitive problems -> Safety:
Drowsy driving might cause 20% of motor vehicle crashes 

(for the US that would mean 500,000 injuries, 8000 deaths) 

Medical errors: in the US 50,000-100,000 deaths/year are a result 
of preventable medical errors. Studies show that many could be 
prevented by shortening doctor’s work shifts.



Sleep hygene
An estimated 56% of US Americans report sleep problems over the previous year, 31% of the 
general population in Western Europe and 29% in Japan (Irish et al., Sleep Medicine Reviews, 
2015).

Insomnia (sleeplessness) is the clinical term for a problem with initiating or maintaining sleep, 
about 6% of the general population suffer from this condition.

Since pharmacological treatment (such as benzodiazepines) can 
have adverse effects (abuse, dependence, etc.) behavioral 
approaches to improve sleep quality are popular, in particular a set 
of recommendations, called sleep hygiene.

Recommendations include a reduction of day time naps, a regular 
bedtime, avoidance of caffeine or alcohol just before bedtime.

Exercise is generally recommended, but in the morning or late 
afternoon, not right before bedtime, because the arousal might 
prevent sleep.



Sleep hygiene 2

Another important recommendation is stimulus control: the bed should be 
associated with relaxation and sleep. Therefore it is advised to restrict the usage of 
the bedroom only to sleep (and sexual activity).
This means:

- No other activities in bed such as TV or smart phone.
- When you can’t sleep (more than 20 min), leave the bed.
- Don’t dwell on your worries while in bed.

Unfortunately, the evidence for the efficacy of these recommendations is not 
conclusive (Irish et al., Sleep Medicine Reviews, 2015)…further research is needed! 



Why? Classical Conditioning

Pavlovian dog experiments:

Classical conditioning is the 
association of two stimuli, such 
that a stimulus that first did 
not elicit a response (usually 
from the autonomic nervous 
system) will elicit it after 
conditioning.
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Don’t condition yourself to get aroused 
before bed!

Similarly, you want the stimulus ‘bed’ to be associated with 
relaxation and parasympathetic activity, rather than arousal and 
sympathetic activation.



Summary: Sleep

Sleep:
- Structure of sleep

Light sleep phases I and II, Deep sleep phases III, IV, REM sleep

- Neurobiological basis of sleep
Sleep and REM-phases are actively controlled by brain stem 
centers.

- Function of sleep
Unclear, but hypotheses are: regeneration, evolutionary 
adaptation, and memory consolidation.

- Sleep and health
Short and long term effects of sleep deprivation can be severe, 
improving “sleep hygiene” can help.
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