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Non-REM Sleep (NREM)

Primary Disciplinary Field(s): Sleep Medicine, Neuroscience, Psychology

1. Core Definition

Non-Rapid Eye Movement (NREM) sleep constitutes one of the two fundamental categories of
sleep, distinctively differentiated from Rapid Eye Movement (REM) sleep. This phase represents

the majority of a typical nocturnal sleep cycle in adult humans, generally accounting for
approximately 75-80% of total sleep time. NREM sleep is characterized by a progressive
deceleration of both physiological processes and brain activity, traversing through stages of
increasing depth. This gradual progression is crucial for the restorative functions attributed to
sleep.

Historically, NREM sleep was categorized into four distinct stages (Stages 1, 2, 3, and 4), based
on specific electroencephalographic (EEG) patterns. However, the prevailing classification system,
established by the American Academy of Sleep Medicine (AASM) in 2007, simplifies NREM into
three primary stages: N1, N2, and N3. Each stage signifies a particular depth of sleep, marked by

unique neurophysiological signatures and behavioral manifestations. The initial stage, N1,
represents the crucial transitionary phase from wakefulness into sleep.

Following N1, stage N2 represents a period of lighter, yet established sleep, wherein the brain
begins to exhibit specific wave patterns indicative of sleep onset. The deepest phase of NREM
sleep is encapsulated within stage N3, which is often colloquially referred to as slow-wave sleep
(SWS) due to the prominence of low-frequency, high-amplitude brain waves. Unlike the vivid and
often bizarre dreamscapes associated with REM sleep, NREM sleep is generally not characterized
by intense dreaming, although fragmented thoughts and less elaborate mentation can occur,
particularly during lighter stages. This distinction underscores the unique physiological and
cognitive roles each sleep category plays in overall human health and brain function.

2. Etymology and Historical Development

The conceptualization of distinct sleep stages emerged fundamentally from the pioneering
advancements in electroencephalography (EEG) during the early 20th century. This non-invasive

technique enabled the recording of electrical activity within the brain, providing an unprecedented
window into the complex dynamics of the sleeping state. The initial groundwork was laid by Hans
Berger in the late 1920s, whose seminal work first demonstrated discernible variations in
brainwave patterns between states of wakefulness and sleep, suggesting a structured progression
through different cerebral states.

Despite Berger's foundational observations, a systematic and widely accepted classification of
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sleep stages based on EEG morphology was not fully realized until the groundbreaking research
conducted by Loomis, Harvey, and Hobart in 1937. They proposed a comprehensive five-stage

system, denoted A through E, which characterized the continuum from wakefulness (A) to the
deepest forms of sleep (E). This early framework provided a crucial methodology for objectively
guantifying and describing the architecture of human sleep, moving beyond purely behavioral
observations.

A pivotal moment in sleep research occurred in the 1950s with the independent discoveries of
Nathaniel Kleitman and his student Eugene Aserinsky, who identified the phenomenon of Rapid

Eye Movement (REM) sleep. This discovery profoundly refined the understanding of sleep

architecture, leading to the clear delineation of sleep into two primary, oscillating phases: REM and
non-REM. This understanding paved the way for the development of the widely adopted
Rechtschaffen and Kales (R&K) standardization in 1968, which formalized the classification of

NREM sleep into four stages (1, 2, 3, and 4) alongside REM sleep. The R&K criteria became the
gold standard for clinical and research sleep scoring for decades, profoundly influencing diagnostic
and therapeutic approaches to sleep disorders. More recently, the AASM updated these guidelines
in 2007, consolidating stages 3 and 4 into a single N3 stage, primarily due to the overlapping
physiological characteristics and the practical challenges in consistently distinguishing them in
clinical practice. This change aimed to simplify scoring while maintaining the integrity of deep sleep
representation.

3. Key Characteristics and Physiological Changes Across Stages

The three stages of NREM sleep--N1, N2, and N3--are each defined by distinct neurophysiological
and physiological characteristics, reflecting a progressive withdrawal from environmental stimuli
and a deepening state of unconsciousness. These stages are predominantly identified through
changes in brainwave activity as measured by EEG, alongside alterations in muscle tone and eye
movements. The progression through these stages is cyclical, with individuals typically moving
from N1 to N3 before potentially re-entering lighter stages or transitioning into REM sleep.

Stage N1: This is the initial, most superficial stage of sleep, representing the critical transition from
wakefulness. It typically accounts for a relatively small proportion of total sleep, around 5-10%.
During N1, physiological processes begin to slow down; there is a noticeable decrease in muscle
tone and a slight reduction in heart rate. The EEG pattern shifts from the alpha waves
characteristic of relaxed wakefulness to low-amplitude, mixed-frequency theta waves. Slow, rolling
eye movements may be observed during this stage. Individuals in N1 sleep are easily aroused
and, if awakened, might report not having been fully asleep, often describing fleeting thoughts or
dream-like mentation.

Stage N2: As sleep deepens, individuals enter Stage N2, which constitutes the largest proportion
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of total sleep, typically making up 45-55%. This is considered a period of light, yet established
sleep. The EEG in N2 is dominated by theta waves, interspersed with two hallmark waveforms:
sleep spindles and K-complexes. Sleep spindles are brief bursts of rhythmic brain activity (12-14
Hz), believed to play a role in sensory gating and memory consolidation. K-complexes are high-
amplitude negative sharp waves followed by a slower positive wave, often occurring spontaneously
or in response to external stimuli, acting as a mechanism for cortical arousal or protection against
awakening. Muscle activity further diminishes, and eye movements cease. Heart rate and
respiration continue to slow, and body temperature begins to subtly decrease, reflecting the body's
preparation for deeper restorative processes. Arousal from N2 is more challenging than from N1
but remains relatively easy compared to deep sleep.

Stage N3: Also known as slow-wave sleep (SWS) or deep sleep, Stage N3 is the most restorative
stage of NREM sleep. It typically comprises 15-25% of total sleep time and is most prevalent
during the first third of the night. The EEG during N3 is characterized by high-amplitude, low-
frequency delta waves (0.5-2 Hz), which constitute 20% or more of the epoch. During this stage,
muscle tone is at its lowest, and no eye movements are present. Heart rate, respiration, and brain
metabolism reach their slowest and most regular rates, signifying profound physiological rest.
Stage N3 is the period of deepest sleep, making arousal most difficult; if awakened from N3,
individuals often experience significant sleep inertia, characterized by disorientation, grogginess,
and impaired cognitive performance. This stage is critically important for physical restoration,
immune function, and certain aspects of memory consolidation.

4. Neurological Correlates

The generation and maintenance of NREM sleep involve a complex interplay of neural circuits and
neurotransmitter systems distributed throughout the brain. This intricate network ensures a
coordinated transition from wakefulness to sleep and the orderly progression through the NREM
stages. A key player in the promotion of NREM sleep is the ventrolateral preoptic nucleus
(VLPO), located in the hypothalamus. The VLPO acts as a central sleep-promoting center by
releasing inhibitory neurotransmitters, primarily GABA (gamma-aminobutyric acid) and galanin,
which effectively suppress the activity of wakefulness-promoting neurons in the brainstem and
basal forebrain, thereby facilitating the onset and maintenance of NREM sleep.

During NREM sleep, the thalamus assumes a crucial role by acting as a sensory gate. It actively
filters and blocks sensory information from reaching the cerebral cortex, thereby disconnecting the
individual from the external environment. This thalamic gating is essential for maintaining sleep
and preventing external stimuli from causing arousal. The characteristic EEG patterns observed
during NREM sleep, such as sleep spindles and delta waves, are generated through sophisticated

interactions between the thalamus and the cortex. Sleep spindles are thought to originate from
rhythmic oscillations within the thalamic reticular nucleus neurons, which then project to the cortex.
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These spindles are indicative of thalamo-cortical network activity and are associated with a stable
sleep state and the protection of sleep from external disturbances.

Furthermore, delta waves, which define slow-wave sleep (N3), are generated by highly

synchronized neuronal firing within broad cortical networks. These large, slow oscillations reflect
periods of widespread neural inhibition followed by brief excitation, contributing to the restorative
processes of deep sleep. The overall neural environment during NREM is dominated by inhibitory
processes, largely mediated by GABA, which leads to a global reduction in brain metabolic activity
compared to wakefulness. Additionally, the accumulation of adenosine in the basal forebrain during
prolonged wakefulness is a potent driver of NREM sleep, acting as an endogenous sleep-inducing
substance by modulating neuronal excitability. The intricate coordination of these brain regions and
neurotransmitter systems ensures the profound physiological and cognitive changes that
characterize NREM sleep.

5. Hormonal Regulation and Metabolic Impact

NREM sleep is intricately linked with the regulation of various vital hormones and plays a
significant role in metabolic processes, underscoring its importance beyond mere rest. One of the
most prominent hormonal activities during NREM sleep is the robust secretion of growth hormone

(GH). A substantial peak in GH release occurs specifically during NREM Stage N3, particularly in
children, adolescents, and young adults. This pulsatile secretion of GH is critical for numerous
physiological functions, including physical growth, cellular repair and regeneration, and the
regulation of metabolism, such as protein synthesis and fat breakdown. Disruptions to NREM sleep
can therefore have profound implications for physical development and tissue restoration.

Conversely, the secretion patterns of cortisol, often referred to as the "stress hormone," are also

profoundly influenced by the sleep-wake cycle and NREM sleep. Cortisol levels typically decrease
during the initial stages of sleep, reaching their lowest point during the deeper NREM stages. This
reduction in cortisol facilitates the body's entry into a state of relaxation and repair. As the night
progresses and towards awakening, cortisol levels gradually begin to rise, preparing the body for
the demands of the upcoming day. Chronic sleep deprivation, particularly of NREM sleep, can
disrupt this delicate balance, leading to elevated evening cortisol levels, which are associated with
increased stress, metabolic dysregulation, and impaired immune function.

Moreover, NREM sleep exerts a significant influence on the regulation of hormones that control
appetite and energy balance. Adequate sleep, particularly NREM, is crucial for maintaining healthy
levels of leptin and ghrelin. Leptin, produced by fat cells, signals satiety to the brain, while ghrelin,

secreted by the stomach, stimulates hunger. Sleep deprivation, which often reduces the proportion
of restorative NREM sleep, is consistently associated with a decrease in leptin and an increase in
ghrelin. This hormonal imbalance can lead to increased appetite, heightened cravings for high-
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calorie foods, and ultimately contribute to weight gain and an elevated risk of metabolic disorders
such as obesity and type 2 diabetes, highlighting the metabolic importance of sufficient NREM
sleep.

6. Role in Memory Consolidation

One of the most profound and extensively researched functions attributed to NREM sleep,
especially its deepest stage (slow-wave sleep, N3), is its critical involvement in memory

consolidation. While REM sleep is often linked to the processing of emotional memories and
procedural skills, NREM sleep plays a distinct and crucial role in solidifying declarative memaories-

-our memories for facts, events, and spatial information. This process transforms newly acquired,
fragile memories into more stable, long-term representations, making them less susceptible to
interference and decay.

During NREM sleep, particularly SWS, the brain engages in a remarkable process of "memory
replay.” This involves the spontaneous re-activation of neuronal activity patterns that were
observed during the preceding wakeful learning period. This replay is thought to occur through the
coordinated interplay of several distinct brain oscillations. Specifically, slow oscillations (delta
waves) generated in the neocortex, sleep spindles originating in the thalamus, and sharp-wave

ripples from the hippocampus work in concert. These synchronized activities are believed to
facilitate the redistribution and transfer of memories from the hippocampus, which serves as a
temporary, rapid-learning store, to the neocortex, where memories are integrated into existing
knowledge networks for long-term storage and semantic processing.

The temporal coordination of these brain rhythms is crucial for effective memory consolidation. The
slow oscillations of SWS are thought to modulate the timing of both spindles and ripples, creating
optimal windows for synaptic plasticity and memory transfer. Spindles, in particular, are strongly
correlated with improved memory performance and are believed to facilitate the strengthening of
synaptic connections in cortical areas. This active, nocturnal processing allows for the
reorganization of memories, enhancing their robustness, improving subsequent recall, and
fostering deeper understanding by integrating new information with existing knowledge. Disruptions
to NREM sleep, especially SWS, have been consistently shown to impair declarative memory
consolidation, highlighting its indispensable role in learning and cognitive function.

7. NREM Sleep Disorders (Parasomnias)

A variety of sleep disorders are primarily associated with NREM sleep, collectively known as
parasomnias. These are undesirable physical or experiential phenomena that occur during sleep,
typically during a partial arousal from deep NREM sleep, predominantly Stage N3. Unlike REM
sleep behavior disorder, which involves acting out dreams, NREM parasomnias are generally not
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associated with vivid dream recall and often present with amnesia for the event. The underlying
mechanism is thought to involve a disassociation between a wakeful brain and a sleeping body,
where motor and autonomic systems are activated while higher cognitive functions remain in a
sleep state.

Sleepwalking (Somnambulism): This common NREM parasomnia occurs when individuals

perform complex motor activities while still asleep, typically emerging from NREM Stage N3.

Activities can range from simply sitting up in bed to walking around the house, speaking
incoherently, or even performing more elaborate tasks like driving. Sleepwalkers usually have a
blank stare, are difficult to awaken, and rarely recall the episode upon waking. It is more prevalent
in children but can persist into adulthood, often exacerbated by sleep deprivation, stress, and
certain medications.

Sleep Terrors (Pavor Nocturnus): Characterized by sudden, intense arousal from NREM Stage
N3 sleep, accompanied by piercing screams, intense fear, and significant autonomic activation
(e.g., rapid heart rate, sweating, rapid breathing). The individual appears to be awake but is
unresponsive to comfort and often disoriented. Unlike nightmares, sleep terrors are not associated
with detailed dream recall, and the individual typically has no memory of the event the next
morning. These episodes can be distressing for observers and are more common in children.

Confusional Arousals: Also occurring during partial arousal from NREM sleep, particularly SWS,
confusional arousals are marked by confusion, disorientation, and slow mentation upon waking.
Individuals may appear dazed, speak slowly, and respond inappropriately to questions. There is
usually no associated fear or panic, differentiating it from sleep terrors. These episodes can last
from minutes to an hour and often result in partial or complete amnesia for the event. They are
common in infants and young children and can also affect adults, particularly in the context of
sleep deprivation or certain medications.

Sleep-Related Eating Disorder (SRED): This disorder involves recurrent episodes of eating or

drinking during NREM sleep, with impaired consciousness and usually no recall of the event.
Individuals may consume unusual or unhealthy food combinations, prepare complex meals, or
even eat non-food items, often leading to weight gain, injuries, and health problems. SRED is often
associated with other sleep disorders, such as obstructive sleep apnea, and can be triggered by
stress or sedative-hypnotic medications.

Beyond parasomnias, other NREM-related issues include aspects of insomnia, where difficulty
initiating or maintaining sleep can involve disruptions in the orderly progression through NREM
stages. Furthermore, certain types of sleep apnea, particularly central sleep apnea, can fragment
NREM sleep architecture, leading to reduced restorative sleep and daytime fatigue. Understanding
these NREM-related disorders is crucial for accurate diagnosis and effective therapeutic
interventions in sleep medicine.
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8. Measurement and Clinical Significance

The precise identification and comprehensive study of NREM sleep stages are primarily achieved
through polysomnography (PSG), which stands as the gold standard for clinical sleep

assessment. PSG is a multi-parameter sleep study that concurrently records various physiological
signals throughout the night, providing a detailed temporal profile of an individual's sleep
architecture. This objective measurement is indispensable for diagnosing a wide array of sleep
disorders and for monitoring the effectiveness of treatment strategies.

The key components of PSG that are essential for scoring NREM stages include:

Electroencephalography (EEG): This measures the electrical activity of the brain via electrodes

placed on the scalp. EEG waveforms are the primary indicators for differentiating between
wakefulness, NREM stages (N1, N2, N3), and REM sleep. Specific EEG patterns, such as theta
waves, sleep spindles, K-complexes, and high-amplitude delta waves, are definitive markers for
each NREM stage.

Electrooculography (EOG): Electrodes placed near the eyes record eye movements. The
absence of rapid eye movements is a characteristic feature of NREM sleep, whereas their

presence is diagnostic of REM sleep. Slow rolling eye movements may be observed during N1, but
generally cease in N2 and N3.

Electromyography (EMG): Electrodes, typically placed on the chin (submental EMG), measure

muscle activity. A progressive decrease in muscle tone is observed as an individual transitions
from wakefulness through the NREM stages, reaching its lowest point in N3. This reduction in
muscle activity differentiates NREM from both wakefulness and REM sleep, where muscle tone is
paradoxically suppressed to near atonia.

The meticulous analysis of these physiological waveforms by trained sleep technologists and
clinicians allows for the precise scoring of sleep into its various stages, providing invaluable
insights into an individual's sleep architecture. Clinical applications of PSG extend to diagnosing
conditions such as insomnia, sleep apnea, narcolepsy, and parasomnias (many of which are

NREM-related). Abnormal proportions of NREM stages, fragmented NREM sleep, or the presence
of specific NREM-related events can indicate underlying health issues. Therefore, the accurate
measurement and interpretation of NREM sleep parameters are fundamental for effective
diagnosis, personalized treatment planning, and monitoring the overall health outcomes for
patients with sleep disturbances.

9. Debates and Future Directions

The understanding of NREM sleep has evolved considerably since its initial classification, and
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certain aspects remain subjects of ongoing scientific debate and intensive research. One historical

debate centered on the precise number of NREM stages. The original Rechtschaffen and Kales
(R&K) criteria from 1968 distinguished four NREM stages (1, 2, 3, and 4). However, the American
Academy of Sleep Medicine (AASM) revised these guidelines in 2007, consolidating stages 3 and

4 into a single stage, N3, primarily due to the practical difficulties in consistently and reliably
differentiating between them in routine clinical scoring, as well as their shared physiological
characteristics of deep slow-wave sleep. While this change simplified scoring, it sparked

discussions about whether this simplification might obscure subtle, yet functionally significant,
differences between the former Stages 3 and 4, which some researchers still actively investigate.

Another area of active debate concerns the precise mechanisms of memory consolidation during

NREM sleep. While the general consensus supports a critical role for SWS in declarative memory,

the exact interplay between slow oscillations, sleep spindles, and hippocampal ripples, and how

these facilitate synaptic plasticity and memory transfer, continues to be a rich field of inquiry.
Researchers are exploring how these neural oscillations can be manipulated (e.g., through
targeted memory reactivation or transcranial electrical stimulation) to enhance memory
performance, both in healthy individuals and in those with cognitive impairments. Understanding
the precise timing and sequence of these events is key to unlocking the full therapeutic potential of
NREM sleep for cognitive enhancement.

Future research directions in NREM sleep are diverse and promising. Advances in neuroimaging
techniques, such as functional magnetic resonance imaging (fMRI) and magnetoencephalography
(MEG), are providing unprecedented spatial and temporal resolution into the brain activity during
NREM sleep, helping to identify the neural networks involved in its generation and function. There
is growing interest in the role of the glymphatic system, a waste clearance system in the brain,

which is hypothesized to be most active during SWS, removing metabolic byproducts and
potentially amyloid-beta, a protein implicated in Alzheimer's disease. Furthermore, the genetic and
molecular underpinnings of NREM sleep regulation, its disruption in various neurological and
psychiatric disorders, and its potential as a therapeutic target for improving overall health and
cognitive function remain central to the ongoing scientific endeavor. These investigations promise
to deepen our understanding of NREM sleep's fundamental biological roles and its profound
impact on human well-being.
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