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Physiology of sleep
Kyu Young Chae, M.D.

Department of Pediatrics, College of Medicine, Pochon CHA University, Seongnam, Korea

Sleep is a vital, highly organized process regulated by complex systems of neuronal networks and
neurotransmitters. Normal sleep comprises non-rapid eye movement (NREM) and REM periods that
alternate through the night. Sleep usually begins in NREM and progresses through deeper NREM
stages (2, 3, and 4 stages), but newborns enter REM sleep (active sleep) first before NREM (quiet
sleep). A period of NREM and REM sleep cycle is approximately 90 minutes, but newborn have a
shorter sleep cycle (50 minutes). As children mature, sleep changes as an adult pattern: shorter sleep
duration, longer sleep cycles and less daytime sleep. REM sleep is approximately 50% of total sleep in
newborn and dramatically decreases over the first 2 years into adulthood (20% to 25%). An initial
predominant of slow wave sleep (stage 3 and 4) that peaks in early childhood, drops off abruptly after
adolescence by 40% from preteen years, and then declines over the life span. The hypothalamus is
recognized as a key area of brain involved in regulation of sleep and wakefulness. The basic function
of sleep largely remains elusive, but it is clear that sleep plays an important role in the regulation of
CNS and body physiologic processes. Understanding of the architecture of sleep and basic mechanisms
that regulate sleep and wake cycle are essential to evaluate normal or abnormal development of sleep
pattern changes with age. Reduction or disruption of sleep can have a significant impact on daytime
functioning and development, including learning, growth, behavior, and emotional regulation. (Korean J
Pediatr 2007;50:711-717)
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Fig. 1. Sleep architecture comprises non-REM (stage I to IV)
and REM sleep. The waking state with the eyes open is
characterized by high frequency, low amplitude activity, called
beta waves. Descent into stage I sleep is characterized by
decreasing EEG frequency (4-7 Hz) and increasing amplitude
(50-100 uV), called theta waves. Stage II sleep is characterized
by 12-16 Hz oscillations called sleep spindles. Stage III and IV
sleep is characterized by delta slower waves at 0.5-3 Hz (100—
200 uV). REM sleep is characterized by low voltage, high
frequency activity similar to the waking EEG activity (Modified
from Hobson A, Sleep 1989).
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Fig. 2. Changes in NREM and REM sleep with age. There is
a dramatic decrease in the proportion of REM sleep from birth
(50% of sleep) through early childhood into adulthood (25% to
30%), and an initial predominance of slow-wave sleep that
peaks in early childhood, drops off abruptly after puberty, and
then declines over the life span (Modified Mindell JA, Pediatric
sleep 2003).
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Fig. 3. Sleep and physiologic changes. Physiological changes in
a typical 8-hour period of sleep (A). Note that slow-wave (stage
IV) sleep is attained only in the first two cycles. (B) The upper
panels show the In REM sleep, electro-oculogram (EOG) shows
active movement, but muscular activity presents atonic state in
electromyogram (EMG). The greatest EMG activity occurs
during the onset of sleep and just prior to awakening. The heart
rate and respiration slow in non-REM sleep, but increase almost
to the waking levels in REM sleep. Penile erection occurs only
during REM sleep (Modified Schmidt et al., Neuroscience 1983).
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Fig. 4. Mean 24-hour profiles of plasma growth hormone (GH),
cortisol, thyrotropin (TSH), and prolactin (PRL) (Adapted from
Cauter EV: Endocrine physiology. In: Principles and practice of
sleep medicine. 2005).
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Table 1. Neurotransmitters that Control NREM and REM Sleep Cycle

Neurotransmitter Wakefulness NonREM REMon REMoff
Cholinergic PPT & LDT Acetylcholine Active Decreased Active
Locus coeruleus Norepinephrine Active Decreased
Raphe nuclei Serotonin Active Decreased Inactive Active
Abbreviations: PPT, pedunculopontine tegmental nucleus; LDT, laterodorsal tegmental nucleus
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