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ABSTRACT

Background -Electroencephalography (EEG) is a pivotal tool in studying sleep patterns, providing insight into
the electrical activity of the brain during different stages of sleep. In Ayurveda, Nidra (sleep) is considered one
of the three pillars of health, with a detailed understanding of its types and implications on overall well-being.
These abstract aims to integrate the Ayurvedic perspective of Nidra with EEG-based sleep studies to elucidate
the comprehensive pattern of sleep. Objectives- To examine the patterns of Nidra through EEG analysis and
correlate these patterns with the Ayurvedic understanding of sleep stages. Material & Methods -A systematic
review of classical Ayurvedic texts including Charaka Samhita, Sushruta Samhita, and Ashtanga Hridaya was
conducted to gather information on the Ayurvedic perspective of Nidra. Simultaneously, a review of
contemporary scientific literature on EEG and sleep stages was performed. Data was synthesized to draw
correlations between Ayurvedic descriptions and EEG patterns of sleep. Results-Nidra is classified into
Svabhavika (natural sleep), Tamasika (sleep due to mental inertia), Vaikarika (sleep due to disease), and others
based on causative factors. The balance of Tridosha (Vata, Pitta, and Kapha) is essential for proper sleep. EEG
Patterns in Sleep - Sleep is broadly divided into Non-Rapid Eye Movement (NREM) and Rapid Eye Movement

(REM) stages. NREM sleep includes stages 1-3, characterized by progressively deeper sleep and distinct EEG
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patterns: stage 1 (theta waves), stage 2 (sleep spindles and K-complexes), and stage 3 (delta waves). REM sleep
is characterized by low-amplitude, mixed-frequency brain waves like wakefulness, along with rapid eye
movements. Conclusion -The integration of EEG analysis with Ayurvedic concepts of Nidra provides a
comprehensive understanding of sleep patterns. Ayurvedic classifications of Nidra can be mapped onto
modern EEG findings, offering a holistic approach to diagnosing and treating sleep disorders. Further
interdisciplinary research could enhance the efficacy of sleep therapies by combining traditional wisdom with

contemporary science.

Keywords -Nidra, Sleep, EEG, Tridosha, NREM, REM, Sleep Stages, Svabhavika Nidra, Tamasika Nidra,

Vaikarika Nidra, Sleep Disturbances.

INTRODUCTION

Sleep, or Nidra, is a vital physiological process essential for maintaining physical, mental, and
emotional well-being. In Ayurveda, sleep is regarded as one of the three fundamental pillars
of health, along with Ahara (diet) and Brahmacharya (regulated lifestyle). Proper sleep is
crucial for rejuvenation, cognitive function, and overall health.[1] However, the
understanding of sleep patterns and their regulation has evolved significantly with
advancements in modern science, particularly through the use of electroencephalography
(EEG).[2]

EEG is a non-invasive technique that measures the electrical activity of the brain through
electrodes placed on the scalp. It provides a detailed picture of brain wave patterns, which
vary across different stages of sleep. The study of these patterns has led to the identification
of distinct sleep stages: Non-Rapid Eye Movement (NREM) sleep and Rapid Eye Movement
(REM) sleep.[3] NREM sleep is further divided into stages 1, 2, and 3, each characterized by
specific EEG waveforms such as theta waves, sleep spindles, K-complexes, and delta waves.
REM sleep, on the other hand, is associated with low-amplitude, mixed-frequency brain

waves similar to wakefulness, along with rapid eye movements and vivid dreaming.[4]

Ayurvedic texts provide a rich and detailed understanding of Nidra, classifying it into various
types based on causative factors and their effects on health. According to Ayurveda, Nidra is
primarily governed by Tarpaka Kapha (a subtype of Kapha dosha responsible for
nourishment and stability) and Samana Vata (a subtype of Vata dosha responsible for
balancing bodily functions). Proper sleep, or Svabhavika Nidra, is considered natural and
restorative, while disturbed sleep patterns, categorized as Tamasika (due to mental inertia)

or Vaikarika (due to illness), can lead to various health issues.[5]
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The integration of Ayurvedic concepts of Nidra with EEG-based sleep studies provides a
comprehensive framework for understanding sleep patterns and their implications. By
correlating Ayurvedic classifications with EEG findings, a holistic approach to diagnosing
and treating sleep disorders can be developed.[6] This interdisciplinary approach not only
enhances our understanding of sleep but also opens new avenues for therapeutic

interventions that combine traditional wisdom with modern scientific insights.

This paper aims to explore the patterns of Nidra through the lens of EEG analysis, correlating
these patterns with the Ayurvedic understanding of sleep stages.[7] It seeks to bridge the
gap between ancient Ayurvedic principles and contemporary neurophysiological findings,

providing a holistic perspective on the regulation and significance of sleep.[8]
AIM AND OBJECTIVES

Aim-To explore and correlate the patterns of Nidra (sleep) as understood in Ayurvedic

literature with EEG-based sleep studies.
Objectives

e Examine classical Ayurvedic texts for descriptions and classifications of Nidra.

e Study the EEG characteristics of different sleep stages (NREM and REM).

o Identify the specific EEG waveforms associated with each stage of sleep.

e Explore how disturbances in sleep (Tamasika and Vaikarika Nidra) manifest in EEG

recordings.
MATERIAL AND METHODS

Materials- Charaka Samhita, Sushruta Samhita, Ashtanga Hridaya, Other relevant Ayurvedic
literature, Peer-reviewed journals and articles on EEG and sleep physiology, Textbooks on
sleep medicine and neurophysiology, Standard EEG recording setup with scalp electrodes,
Software for EEG data acquisition and analysis

Methods

Literature Review: Conduct a comprehensive review of classical Ayurvedic texts to gather
information on the conceptualization and classification of Nidra. Review modern scientific
literature on EEG and sleep physiology to understand the current knowledge of sleep stages

and patterns.

Data Analysis: Analyze EEG recordings to identify distinct sleep stages (NREM stages 1-3
and REM sleep) and their corresponding waveforms (theta waves, sleep spindles, K-
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complexes, delta waves). Compare EEG patterns between healthy individuals and those with

sleep disturbances.

Concept of EEG -Electroencephalography (EEG) is a non-invasive technique used to record
the electrical activity of the brain. This method involves placing electrodes on the scalp,
which detect and measure the voltage fluctuations resulting from ionic current flows within
the neurons of the brain. EEG is widely used in clinical and research settings to study brain

function, diagnose neurological disorders, and monitor sleep patterns.
Historical Background

The development of EEG dates to the early 20th century. The first human EEG recording was
made by German physiologist Hans Berger in 1924. Berger's work laid the foundation for
understanding the brain's electrical activity and led to the development of techniques and

equipment for recording EEG signals.[9]
Basic Principles of EEG
1. Electrode Placement:

o Standard electrode placement systems, such as the 10-20 system, are used to

ensure consistency and reproducibility of EEG recordings.

o Electrodes are typically made of conductive materials like silver/silver
chloride and are attached to the scalp using conductive paste or gel.

2. Signal Detection:

o EEG electrodes detect electrical signals generated by the brain's neuronal

activity.
o The signals are measured as voltage differences between pairs of electrodes.
3. Frequency Bands:

o EEG signals are classified into different frequency bands, each associated with

specific brain states and functions:
= Delta (0.5-4 Hz): Associated with deep sleep and restorative processes.
= Theta (4-8 Hz): Linked to light sleep, drowsiness, and meditative states.
= Alpha (8-13 Hz): Related to relaxed wakefulness and closed-eye
relaxation.
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= Beta (13-30 Hz): Associated with active thinking, concentration, and

alertness.

= Gamma (30-100 Hz): Linked to higher cognitive functions, perception,

and consciousness.
Concept of Nidra

Nidra (sleep) is one of the three fundamental pillars of health in Ayurveda, alongside Ahara
(diet) and Brahmacharya (regulated lifestyle). Adequate sleep is essential for maintaining
physical, mental, and emotional balance. The concept of Nidra in Ayurveda is
comprehensive, encompassing the physiological processes, psychological states, and

environmental factors that influence sleep.[9]

In Ayurvedic literature, Nidra is defined as a natural state of rest for the mind and body,
during which the senses and motor activities are temporarily suspended. It is considered
crucial for the rejuvenation and repair of bodily tissues, cognitive functions, and emotional

stability. Proper Nidra is believed to enhance longevity, vitality, and overall well-being.[10]

Classification of Nidra

Ayurveda classifies Nidra into different types based on causative factors and characteristics:
1. Svabhavika Nidra (Natural Sleep):

o This type of sleep occurs naturally and is restorative. It is influenced by the

natural circadian rhythms and is essential for maintaining health.
2. Tamasika Nidra (Sleep due to Mental Inertia):

o This sleep is induced by the predominance of Tamas (inertia and ignorance)
and is often heavy and non-restorative. It can be associated with feelings of
lethargy and dullness.

3. Vaikarika Nidra (Sleep due to Illness):

o This type of sleep occurs due to imbalances in the body, such as illnesses or
disorders. It is often disturbed and does not provide adequate rest or

rejuvenation.
4. Manasika Nidra (Sleep due to Mental Stress):

o This sleep is influenced by mental stress and emotional disturbances. It may

be shallow and fragmented, leading to a lack of proper rest.
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Physiological Aspects of Nidra [11]

In Ayurveda, the physiological regulation of sleep is primarily governed by two subtypes of

doshas:
1. Tarpaka Kapha:
o A subtype of Kapha dosha, Tarpaka Kapha is responsible for nourishing and

stabilizing the mind and body. It promotes calmness and facilitates natural

sleep.
2. Samana Vata:

o Asubtype of Vata dosha, Samana Vata governs the balance of bodily functions,
including the digestive processes and the regulation of the mind. Balanced

Samana Vata ensures proper sleep cycles.
Factors Influencing Nidra [12]
Several factors influence the quality and quantity of sleep according to Ayurveda:
1. Ahara (Diet):

o The type, quantity, and timing of food intake play a significant role in sleep.
Heavy, oily, and spicy foods can disturb sleep, while a balanced diet promotes

better sleep.
2. Vihara (Lifestyle):

o Daily routines, physical activity, and stress management are crucial for healthy
sleep patterns. Regular exercise and a consistent sleep schedule are

recommended.
3. Desha (Environment):

o The sleeping environment, including factors like noise, light, and temperature,
affects sleep quality. A calm and comfortable environment is conducive to

good sleep.
4. Ritu (Season):

o Seasonal variations impact sleep patterns. For instance, longer nights in
winter can naturally increase sleep duration, while shorter nights in summer

may reduce it.
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Consequences of Disturbed Nidra [13]
Inadequate or disturbed sleep can lead to various health issues, including:
1. Physical Health Problems:

o Metabolic disorders, cardiovascular diseases, weakened immune function,

and increased susceptibility to infections.
2. Mental Health Issues:
o Anxiety, depression, cognitive impairments, and mood disorders.
3. Behavioral Changes:
o [Irritability, lack of concentration, and impaired decision-making abilities.
Methods of EEG Sleep Analysis [14]
EEG Recording
1. Electrode Placement:

o Electrodes are placed on the scalp according to the International 10-20
system, which is a standardized method for positioning electrodes in relation
to the underlying areas of the brain. This system ensures consistent and

reproducible results across different studies and subjects.

o Typical electrode positions include frontal (F), central (C), parietal (P),
occipital (0), and temporal (T) regions, with specific locations such as Fp1,
Fp2, F3, F4, C3, C4, P3, P4, 01, 02, T3, and T4.

2. Polysomnography:

o A comprehensive sleep study known as polysomnography is conducted in a
sleep laboratory. This involves overnight monitoring where multiple

physiological parameters are recorded simultaneously.
o Alongside EEG, other parameters include:

= EOG (Electrooculography): Records eye movements, particularly useful for
identifying REM sleep.

= EMG (Electromyography): Measures muscle activity, typically recorded from the

chin and limbs, helping to detect muscle tone changes and movements during sleep.
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ECG (Electrocardiography): Monitors heart rate and rhythm.

Respiratory Parameters: Includes airflow, respiratory effort, and oxygen
saturation to detect sleep apnea and other breathing disorders.

Sleep Scoring

1.

Epoch Classification:

o Sleepisscoredin 30-second epochs based on characteristic EEG patterns, along with EOG
and EMG signals.

o Stages are classified as:

2.

Wakefulness: Characterized by high-frequency, low-amplitude beta waves (13-30
Hz).

NREM Stage 1: Marked by the presence of theta waves (4-8 Hz) with some alpha
activity (8-13 Hz) at the beginning.

NREM Stage 2: Defined by sleep spindles (12-14 Hz) and K-complexes, indicating a
deeper level of sleep.

NREM Stage 3: Dominated by delta waves (0.5-4 Hz), representing deep, slow-wave

sleep.

REM Sleep: Exhibits low-amplitude, mixed-frequency waves similar to wakefulness,
with rapid eye movements detected by EOG and reduced muscle tone shown in EMG.

Scoring Methods:

o Automated Algorithms: Computerized systems using machine learning and pattern

recognition algorithms to score sleep stages. These systems enhance consistency and

reduce scoring time.

o Manual Scoring: Trained technicians review and verify automated scores or manually

score epochs to ensure accuracy. This involves a detailed inspection of the EEG, EOG, and
EMG signals.

Sleep Architecture Analysis [15]

1.

Cycle Analysis:

o Sleep architecture refers to the cyclic pattern of sleep stages throughout the night.

Typically, a normal adult goes through 4-6 cycles of NREM and REM sleep.
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o Each cycle lasts approximately 90-120 minutes, starting with NREM stages 1-3
followed by REM sleep.

2. Duration and Proportion:

o NREM Sleep: Stages 1-3, where stage 3 (deep sleep) is most prominent in the

early part of the night and decreases as sleep progresses.

o REM Sleep: Increases in duration towards the later part of the night, with the

longest REM periods occurring just before waking.
3. Latency Measures:

o Sleep Latency: The time taken from lights out to the onset of sleep, typically

measured by the first occurrence of NREM stage 1.
o REM Latency: The time taken from sleep onset to the first REM period.
4. Awakenings and Arousals:

o Analysis includes the number and duration of awakenings and arousals

throughout the night, which can indicate sleep fragmentation and disturbances.
Spectral Analysis [16]
1. Frequency Analysis:

o Advanced techniques like Fast Fourier Transform (FFT) are used to decompose
EEG signals into their constituent frequencies. This analysis provides a detailed

view of the brain wave activity during different sleep stages.
2. Power Spectral Density (PSD):

o PSD analysis quantifies the power of different frequency bands (delta, theta,
alpha, beta, and gamma) in the EEG signal. This helps in understanding the
distribution of brain wave activity and its changes across sleep stages.

3. Coherence Analysis:

o Coherence measures the correlation between EEG signals from different electrode
sites, providing insights into the functional connectivity of brain regions during

sleep.

4. Applications of Spectral Analysis:
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o Identifying sleep disorders: Abnormal spectral patterns can indicate specific sleep
disorders, such as increased beta activity in insomnia or reduced delta power in

depression.

o Assessing treatment effects: Spectral analysis can be used to evaluate the impact

of therapeutic interventions on sleep quality and architecture.
Clinical and Research Applications [17]
1. Diagnosis of Neurological Disorders:

o EEG is used to diagnose conditions such as epilepsy, sleep disorders,
encephalopathies, and brain injuries.

o Abnormal EEG patterns can indicate specific neurological issues, aiding in

diagnosis and treatment planning.
2. Sleep Research:

o EEGiscrucial in sleep studies to understand sleep architecture, the effects of sleep
deprivation, and the impact of various interventions on sleep quality.

o It helps in the classification and diagnosis of sleep disorders such as insomnia,

sleep apnea, and narcolepsy.
3. Brain-Computer Interfaces (BCIs):

o EEG is used in BCIs to enable communication and control for individuals with

severe motor impairments.

o By interpreting brain signals, BCIs can facilitate tasks such as controlling

prosthetic limbs or communication devices.
DISCUSSION

Electroencephalography (EEG) is a critical tool for analyzing sleep patterns, offering detailed
insights into the brain's electrical activity during various sleep stages. This discussion
focuses on the integration of EEG in sleep research, its implications for understanding sleep

architecture, and the clinical significance of EEG-based sleep analysis.[17]

EEG has revolutionized the understanding of sleep by enabling the precise identification of
different sleep stages, including Non-Rapid Eye Movement (NREM) sleep and Rapid Eye
Movement (REM) sleep. Each stage is characterized by specific EEG patterns that reflect the

underlying neural activity.[18]
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EEG helps identify reduced sleep efficiency, increased beta activity, and frequent awakenings
in individuals with insomnia. These patterns provide objective measures to diagnose the
severity of insomnia and evaluate treatment efficacy. Characterized by repeated
interruptions in breathing during sleep, sleep apnea can be detected through EEG combined
with respiratory monitoring. EEG reveals frequent arousals and disrupted sleep
architecture, which are critical for diagnosing the condition. Narcolepsy is associated with
abnormal sleep-onset REM periods and disrupted nocturnal sleep. EEG can detect these

patterns, aiding in the accurate diagnosis of the disorder. [19]

Disorders such as sleepwalking and night terrors occur during NREM sleep. EEG can identify
abnormal activity during these episodes, helping differentiate parasomnias from other
sleep-related issues. Studies using EEG have shown that slow-wave sleep (SWS) is critical
for declarative memory consolidation, while REM sleep is important for procedural memory
and emotional processing. EEG analysis helps elucidate these relationships by tracking
changes in brain activity during sleep. [20]

Research on sleep deprivation using EEG reveals significant alterations in sleep architecture,
such as reduced SWS and REM sleep. These changes impact cognitive performance,

emotional stability, and overall health, highlighting the importance of adequate sleep. [21]

EEG studies on circadian rhythms show how the timing of sleep influences its architecture
and quality. Understanding these patterns helps in developing interventions for shift
workers and individuals with circadian rhythm disorders. Spectral analysis decomposes EEG
signals into their constituent frequencies, revealing the power distribution across different
brain wave bands. This detailed analysis helps identify subtle changes in brain activity that
may not be evident in standard sleep staging.[22]

PSD analysis quantifies the power of various frequency bands, offering insights into the
relative contributions of delta, theta, alpha, beta, and gamma waves during different sleep
stages. Changes in PSD can indicate specific sleep disorders or responses to treatment.
Coherence analysis measures the functional connectivity between different brain regions
during sleep. This approach helps understand how different parts of the brain communicate

during various sleep stages and how this connectivity is affected by sleep disorders.[23]

CONCLUSION

EEG and sleep pattern analysis provide a robust framework for understanding the

complexities of sleep. The detailed insights gained from EEG recordings enhance the
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diagnosis and management of sleep disorders, inform research on sleep physiology, and

support the development of targeted interventions. Integrating modern EEG techniques with

traditional Ayurvedic concepts offers a comprehensive approach to promoting optimal sleep

health and overall well-being. Further interdisciplinary research is needed to fully harness

the potential of this integration, leading to improved sleep diagnostics and therapies.
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