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Foreword

Among all the practices that constitute the vast science of yoga, pranayama stands in a category
of its own. The asanas sculpt the body; meditation transforms the mind; but pranayama—the
conscious regulation of breath—touches something even more fundamental. It reaches into the
very rhythm that sustains life, the oscillation between inhalation and exhalation, being and non-

being, that has continued without interruption since the moment of one's first breath.

The ancient yogis understood this intuitively. Patanjali, in his Yoga Sutras (c. 400 CE), identified
pranayama as the fourth of the eight limbs of yoga—placed after asana but before pratyahara,
dharana, and dhyana. This ordering is deliberate and profound: the breath is the gateway. Master
the breath and the higher limbs of yoga become accessible; neglect it and the inner practices
remain frustratingly beyond reach. As Swami Sivananda wrote: 'Control of breath is control of the

mind. Mind and prana are like two sides of the same coin.'

Modern science is now confirming, with extraordinary precision, what the ancient masters
understood experientially. We now know that pranayama activates the parasympathetic nervous
system through vagal stimulation; that it modulates the hypothalamic-pituitary-adrenal (HPA) axis
and the body's stress response; that it produces measurable improvements in pulmonary function,
cardiovascular efficiency, immune parameters, and cognitive performance. We know that specific
breathing techniques—identified and categorized by the yogis thousands of years ago—produce

distinct and predictable physiological effects at the cellular, organ, and systems levels.

This book has been compiled for the Yoga Teacher Training programme of SKM Yoga to provide
students with the most comprehensive, scientifically grounded, and practically useful account of
pranayama and its impact on the human body currently available. It draws upon the classical
textual tradition of Hatha Yoga, Ayurveda, and Vedanta; upon the vast body of peer-reviewed
scientific research accumulated over the past half-century; and upon decades of clinical teaching

experience at SKM Yoga.

Whether you are a new yoga teacher seeking to understand the science behind what you teach,
or an experienced practitioner looking to deepen your theoretical foundation, | trust you will find
in these pages both the depth and the clarity that the subject demands. Read carefully, practise

consistently, and above all, breathe—consciously, deeply, completely.

— Dr. Shivam Mishra
Founder, SKM Yoga | Noida, 2025
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PART |
FOUNDATIONS OF PRANAYAMA

"When the breath is unsteady, the mind is unsteady. When the breath is still, the mind is still." —
Hatha Yoga Pradipika (2.2)
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Chapter 1: The Science of Breath — Anatomy and
Physiology of Respiration

1.1 Introduction: Why Breath is Central to Life

Of all the vital functions that sustain human life—heartbeat, digestion, hormonal regulation,
cellular metabolism—respiration is unique in one remarkable characteristic: it is simultaneously
automatic and voluntary. The diaphragm contracts 15-20 times per minute, 20,000-25,000 times
per day, ceaselessly and without conscious instruction from the moment of birth to the moment
of death. Yet at any instant, we can choose to override this automatic rhythm—to breathe faster
or slower, deeper or shallower, in through the left nostril or the right, to hold the breath or to release

it with force.

This dual nature—automatic yet amenable to conscious control—is the physiological key that
unlocks pranayama's extraordinary therapeutic power. The voluntary control of breathing provides
a direct pathway into the autonomic nervous system, a system that regulates virtually every organ
in the body. By learning to control the breath with skill and precision, the pranayama practitioner
gains the ability to regulate physiology in ways that are impossible through any other voluntary

mechanism.

Understanding the anatomical and physiological foundations of respiration is not merely academic
preparation for yoga teachers—it is essential clinical knowledge that enables precise, safe, and

effective pranayama instruction. This chapter provides that foundation in comprehensive detail.

1.2 Respiratory Anatomy: The Structural Framework

1.2.1 The Conducting Airways
Inhaled air travels through a hierarchically organized conducting system before reaching the gas-

exchanging surfaces of the lung. Each component serves specific functions:

Nasal Cavity Two passages divided by the Filters, warms, humidifies air; nasal
nasal septum; lined with ciliated  breathing activates nitric oxide production;
mucosa; turbinates increase alternating nasal cycles affect brain
surface area lateralization

Paranasal Sinuses Air-filled cavities in frontal, Contribute to resonance; warm and
ethmoid, maxillary, and sphenoid humidify air; produce nitric oxide; Bhramari
bones vibration directly stimulates sinuses

Pharynx & Larynx Common aerodigestive passage; Ujjayi breath involves partial closure of the
larynx houses vocal folds and glottis, creating resistance breathing with
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epiglottis measurable therapeutic effects

Trachea & Bronchi C-shaped cartilage rings support ~ Kapalabhati and Bhastrika forcefully move
trachea; divides into primary, air through these passages, creating
secondary, tertiary bronchi suction effects in alveoli

Bronchioles Small airways <1mm diameter; Responsive to autonomic tone; pranayama
smooth muscle walls; no reduces bronchospasm via
cartilage support parasympathetic stimulation

Alveoli ~480 million tiny air sacs; total Primary site of gas exchange; deep slow
surface area ~70 m? breathing maximizes alveolar ventilation

efficiency

1.2.2 The Diaphragm: The Pranayama Muscle
The diaphragm is the primary muscle of inspiration and the most important single structure in

pranayama practice. Its anatomy, mechanics, and multifunctional role deserve careful study:

Anatomically, the diaphragm is a dome-shaped musculotendinous partition separating the
thoracic and abdominal cavities. Its muscular portion arises from the lower six ribs, lumbar
vertebrae (via the crura), and the xiphoid process of the sternum. The muscle fibres converge on
the central tendon—a trefoil-shaped aponeurosis that provides an anchor point for diaphragmatic
contraction. The diaphragm is perforated by three major openings: the aortic hiatus (T12), the

oesophageal hiatus (T10), and the caval foramen (T8).

During inspiration, the diaphragm contracts and flattens downward, increasing the vertical
dimension of the thoracic cavity. This creates negative intrapleural pressure, causing air to flow
into the lungs along the pressure gradient. Simultaneously, the descending diaphragm
compresses the abdominal contents, pushing the anterior abdominal wall outward—the

characteristic belly movement of diaphragmatic breathing.

The Diaphragm Beyond Breathing — Multifunctional Significance

POSTURAL FUNCTION: The diaphragm is a key stabilizer of the lumbar spine through its role in
intra-abdominal pressure regulation. Pranayama training improves postural stability by
strengthening diaphragmatic tone.

LYMPHATIC PUMP: The rhythmic descent of the diaphragm creates a pumping action on the
thoracic lymphatic duct, accelerating lymph flow and immune surveillance. Deep breathing is a
primary driver of lymphatic circulation.

VENOUS RETURN: Diaphragmatic descent creates negative intrathoracic pressure that draws
blood into the right heart (vis a fronte mechanism). This is why deep breathing improves cardiac
preload and output.

EMOTIONAL PROCESSING: The diaphragm is richly connected to the phrenic nerve (C3-C5)
and shares fascial connections with the pericardium and mediastinum. Emotional tension patterns
are frequently stored in diaphragmatic tension.
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AUTONOMIC BRIDGE: The diaphragm's mechanoreceptors provide sensory input to the vagus
nerve, making each breath cycle a vagal stimulus. This is the primary mechanism of pranayama's
parasympathetic effects.

1.2.3 Accessory Muscles of Breathing

While the diaphragm performs the majority of quiet breathing work, several accessory muscles
become active during the forced breathing of pranayama practices such as Kapalabhati and
Bhastrika:

Intercostals (external) Elevate ribs on inspiration; activate in deep
diaphragmatic breathing

Intercostals (internal) Depress ribs on forced expiration; key in
Kapalabhati active exhalation

Scalenes (anterior, middle, posterior) Elevate first two ribs; accessory inspiratory
muscles in deep breathing

Sternocleidomastoid (SCM) Elevates sternum and clavicle; active in strenuous
breathing exercises

Pectoralis minor Elevates ribs 3-5 when fixed at shoulder;
accessory inspiratory role

Serratus anterior Elevates ribs when scapula fixed; assists deep
inhalation
Rectus abdominis Compresses abdominal contents on forced

expiration; active in Kapalabhati

Transversus abdominis Deep core muscle; generates intra-abdominal
pressure; key in Mula Bandha

1.3 Respiratory Physiology: The Mechanics of Gas Exchange

1.3.1 Lung Volumes and Capacities
Pulmonary function is measured in terms of lung volumes and capacities—parameters that are
directly affected by pranayama practice. Understanding these measures allows yoga teachers to

explain, precisely and scientifically, what pranayama does to the lungs:

Tidal Volume (TV) Volume per normal breath  ~500 mL Increased by
diaphragmatic breathing
training

Inspiratory Reserve Extra volume after normal  ~3,000 mL Increased with regular

Volume (IRV) inspiration deep breathing practice
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Expiratory Reserve Extra volume after normal  ~1,100 mL Increased with Kapalabhati
Volume (ERV) expiration and core training
Residual Volume (RV) Volume remaining after ~1,200 mL Reduced (beneficial) with
maximal expiration long-term practice
Total Lung Capacity (TLC) Total volume at full ~6,000 mL Increased with sustained
inspiration pranayama training
Vital Capacity (VC) TV + IRV + ERV ~4,800 mL Consistently increased —
primary measurable
benefit
Functional Residual RV + ERV ~2,300 mL Altered by pranayama;
Capacity (FRC) relevant to efficiency
Forced Expiratory Volume  Volume in first second of ~80% FVC Improved in asthma and

(FEV1) forced expiration COPD with pranayama

1.3.2 The Oxygen-CO2 Exchange Mechanism

Gas exchange in the alveoli operates by the principle of diffusion—gases move from areas of
higher partial pressure to lower partial pressure. Atmospheric air entering the alveoli contains
approximately 21% oxygen (pO2 = 100 mmHg in alveoli), while venous blood arriving at the
pulmonary capillaries has a pO2 of approximately 40 mmHg. This 60 mmHg gradient drives
oxygen diffusion across the alveolar-capillary membrane into the blood. The reverse gradient
applies for CO2: alveolar pCO2 = 40 mmHg vs. venous blood pCO2 =46 mmHg, driving CO2 out

of the blood into the alveoli for exhalation.

The critical importance of this mechanism for pranayama teaching lies in understanding
hypercapnia and hypocapnia: CO2 is not merely a waste product to be expelled as rapidly as
possible—it is an essential respiratory stimulus and a powerful vasodilator of cerebral and
coronary arteries. The Bohr effect (CO2 facilitates oxygen release from haemoglobin in tissues)
means that excessive hyperventilation can paradoxically reduce oxygen delivery to the brain,
explaining the lightheadedness that accompanies rapid overbreahing. Balanced pranayama

respects and works with these CO2 dynamics rather than against them.

1.3.3 Central and Peripheral Chemoreceptors

Breathing rhythm is regulated by the respiratory control centres in the brainstem—primarily the
Pre-Botzinger Complex in the medulla oblongata, which generates the basic breathing rhythm,
and the Pontine Respiratory Group in the pons, which modulates respiratory timing. These
centres receive continuous input from:

* Central chemoreceptors (medulla) — respond to CO2/pH changes in cerebrospinal fluid;
primary drivers of minute-to-minute breathing regulation
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* Peripheral chemoreceptors (carotid and aortic bodies) — respond to arterial pO2, pCO2,
and pH; particularly active during hypoxia

* Pulmonary stretch receptors (Hering-Breuer reflex) — prevent overinflation; active during
deep breathing and Puraka (inhalation) in pranayama

» J-receptors (juxtacapillary receptors) — respond to pulmonary oedema and interstitial
pressure; stimulate rapid shallow breathing in pathological states

* Proprioceptors in intercostal muscles and diaphragm — provide feedback on chest wall
movement and effort

Pranayama trains the practitioner to consciously override the automatic respiratory drive
generated by these chemoreceptors—most dramatically demonstrated in Kumbhaka (breath
retention), where the practitioner maintains apnoea despite rising CO2 and falling O2 levels. This
override is possible only because the voluntary cortical motor pathways for breathing bypass the
chemoreceptor-driven autonomic system. Over time, regular kumbhaka practice appears to
recalibrate the CO2 set-point, enabling comfortable breath retention at CO2 levels that would

produce immediate distress in untrained individuals.

1.4 Nasal Physiology: The Gateway of Pranayama

The nose is far more than a passive air conduit—it is a sophisticated biological instrument that
profoundly influences both respiratory and systemic physiology. Understanding nasal physiology
is essential for yoga teachers because most pranayama traditions emphasize nasal over oral

breathing, and the scientific justification for this preference is compelling.

1.4.1 The Nasal Cycle

Approximately every 90-120 minutes, the relative airflow through the two nasal passages
alternates due to cyclic engorgement and decongestion of the nasal turbinate mucosa. This nasal
cycle, first described by Kayser in 1895, is regulated by the hypothalamus and is correlated with
the ultradian rhythm—a 90-120 minute cycle of alternating brain hemisphere dominance (Werntz
et al., 1983). When the right nostril is dominant, the left brain hemisphere is more active (logical,
analytical functions); when the left nostril is dominant, the right hemisphere predominates

(creative, intuitive functions).

This neurophysiological reality provides a scientific basis for the ancient yogic concepts of Surya
Nadi (right nostril/sun/Pingala) and Chandra Nadi (left nostril/moon/lda), and for the clinical
application of Nadi Shodhana Pranayama in balancing hemispheric activity. Shannahoff-Khalsa

(2007) has demonstrated that forced unilateral nasal breathing can rapidly shift the hemispheric
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dominance pattern, with therapeutic implications for ADHD, depression, anxiety, and learning

disorders.

1.4.2 Nitric Oxide Production in the Sinuses

The paranasal sinuses produce significant quantities of nitric oxide (NO)—a molecule with
powerful biological effects including vasodilation, antimicrobial activity, and bronchodilation.
Nasal breathing ensures delivery of sinus-produced NO to the pulmonary vasculature on each
inhalation, enhancing ventilation-perfusion matching and reducing pulmonary vascular resistance
(Lundberg et al., 1996). Oral breathing largely bypasses this NO delivery mechanism. The
practice of Bhramari Pranayama (humming bee breath) has been shown to increase sinus NO
production by 700% above baseline—a finding with significant implications for respiratory health,

cardiovascular function, and immune defence (Eby, 2006).

1.5 Respiration and the Autonomic Nervous System: The Bridge

The most clinically significant aspect of respiratory physiology for yoga teachers is the intimate
bidirectional relationship between breathing and the autonomic nervous system (ANS). This
relationship is the primary mechanism through which pranayama produces its systemic

therapeutic effects:

* INHALATION activates sympathetic tone — the inspiratory phase slightly increases
heart rate (inspiratory sinus arrhythmia) and engages mild arousal pathways

«  EXHALATION activates parasympathetic tone — the expiratory phase activates the
vagus nerve, reducing heart rate and inducing relaxation

+ BREATH RATE governs ANS balance — slow breathing (<6 breaths/minute) maximizes
vagal tone; fast breathing (>20 breaths/minute) shifts toward sympathetic dominance

+ BREATH DEPTH affects vagal activation — deeper breathing engages more pulmonary
stretch receptors, providing greater vagal afferent input

+ COZ2 LEVELS modulate vessel tone — elevated CO2 (from breath retention) dilates
cerebral and coronary arteries

+  BREATH RHYTHM entrains brain rhythms — coherent breathing at ~0.1 Hz (6
breaths/minute) produces baroreflex resonance and maximum Heart Rate Variability
(HRV)
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Chapter 2: Prana, Nadis, and the Yogic Physiology
of Breath

2.1 The Yogic Model of Respiration

While modern physiology describes breathing in terms of pressure gradients, gas exchange, and
neural reflexes, the yogic tradition offers a complementary model that operates at a subtler level
of analysis—one concerned not with the mechanics of the physical breath but with the nature and
movement of the vital force (prana) that the breath carries and regulates. These two models are
not contradictory; they describe the same phenomenon from different levels of resolution, much
as a physicist's description of water as H20 and a biologist's description of water as the medium

of cellular life both contain truth.

2.2 Prana and the Five Vayus

Prana, in the broadest sense, is the universal life force that animates all living beings. In the
context of pranayama, the term refers specifically to the vital energy regulated by breathing
practices. The Vedic and yogic texts describe five primary expressions of prana in the human

body—the Pancha Prana Vayus—each governing specific physiological domains:

The Pancha Prana Vayus — Yogic Physiology of Life Force

PRANA VAYU (Inward/Upward force | Heart-Chest region | Green/Blue)

Governs: Inhalation, absorption, reception at all levels. In modern terms: correlates with inspiratory
function, cardiac rhythm, sensory reception, and afferent neural signalling.

APANA VAYU (Downward/Outward force | Pelvic region | Red/Orange)

Governs: Elimination, exhalation, reproduction, downward movements. Correlates with exhalation,
defecation, urination, menstruation, and birth. Mula Bandha practices directly influence Apana
Vayu.

SAMANA VAYU (Equalizing/Balancing force | Navel/Abdomen | Yellow)

Governs: Digestion, assimilation, metabolic equilibrium. Correlates with digestive function,
enzyme secretion, and metabolic regulation. Agnisara Kriya and Kapalabhati stimulate Samana
Vayu.

UDANA VAYU (Upward force | Throat | Blue/Violet)

Governs: Speech, self-expression, upward energy movement, aspirations. Correlates with
phonation, swallowing reflex, and possibly with cerebrospinal fluid circulation. Ujjayi and Bhramari
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directly stimulate Udana.

VYANA VAYU (Expansive/Pervasive force | Entire body | Violet/White)

Governs: Circulation, distribution, coordination. Correlates with cardiovascular circulation,
peripheral nerve distribution, and musculoskeletal coordination. Full-body pranayama practices
activate Vyana.

2.3 The Nadi System: Pathways of Pranic Circulation
The nadis (Sanskrit: 'nadi' = flow, motion) are the subtle channels through which prana circulates
in the pranamaya kosha (energy body). The Goraksha Samhita enumerates 72,000 nadis; the

Shiva Samhita describes 350,000. Of these, 14 are principal; 3 are of supreme importance for

pranayama:
_ Path and Location Physiological Correlate

Sushumna Central channel; ascends within or  Possibly correlates with the
alongside the spinal column from cerebrospinal fluid pathway, the
Muladhara (coccyx) to Sahasrara  central nervous system axis, and
(crown) the autonomic ganglia along the

sympathetic trunk

Ida Left channel; begins at left nostril,  Right cerebral hemisphere
spirals leftward around dominance; parasympathetic tone;
Sushumna, terminates at cooling, receptive, lunar qualities;
Muladhara; corresponds to left trophotropic state
nostril dominance

Pingala Right channel; begins at right Left cerebral hemisphere
nostril, spirals rightward around dominance; sympathetic tone;
Sushumna, terminates at heating, active, solar qualities;
Muladhara; corresponds to right ergotropic state
nostril dominance

Gandhari Behind Ida; from left eye to Possibly optic and visual
Muladhara processing pathways

Hastijihva Before Ida; from right eye to Possibly motor control pathways
Muladhara

Saraswati Alongside Sushumna; to tongue Possibly lingual and speech

neural pathways

2.4 The Chakra System and Respiratory Resonance
The seven major chakras are described in yogic anatomy as vortex-like energy centres located

along the Sushumna nadi. From a pranayama perspective, each chakra is associated with a
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specific breath quality, body region, and physiological function that pranayama practices directly

influence:

Pranayama Connection Physiological Domain

Muladhara (Root) | Base of spine

Svadhisthana (Sacral) | Below
navel

Manipura (Solar Plexus) | Navel

Anahata (Heart) | Centre of chest

Vishuddha (Throat) | Throat

Ajna (Third Eye) | Between
eyebrows

Sahasrara (Crown) | Top of head

Ground prana absorption; slow,
deep diaphragmatic breathing
activates; Mula Bandha
engagement

Navel breathing; hip-opening
practices; Apana Vayu cultivation

Kapalabhati, Agnisara, Uddiyana
Bandha; fire breath activates solar
plexus directly

Heart-centred pranayama,
coherent breathing at 0.1 Hz,
Bhramari; heart-brain coherence

Ujjayi (glottal control), Bhramari
(vibration), Sitali (tongue cooling),
Brahmari

Nadi Shodhana (balance Ida-
Pingala), breath awareness and
subtle sensation

Kumbhaka (retention) and deep
meditation on the breath; prana
ascending Sushumna

Pelvic floor musculature, immune
function, adrenal medulla, survival
instincts

Reproductive hormones, sacral
parasympathetic outflow, creative
and emotional processing

Digestive fire, pancreatic function,
adrenal cortex, sympathetic
ganglia, personal power

Cardiac rhythm, vagal tone,
thymus and immune function,
compassion and emotional
intelligence

Thyroid/parathyroid, vocal cords,
cervical plexus, CSF circulation,
self-expression

Pituitary gland, hypothalamus,
pineal gland, autonomic master
control

Cerebral cortex, pineal gland,
consciousness itself

2.5 Bandhas: Energetic Locks in Pranayama

The bandhas (Sanskrit: 'to bind' or 'lock') are specific muscular contractions that are integrated
with pranayama to direct and contain prana within the body. They function as pressure valves,
redirecting pranic energy upward through the Sushumna rather than allowing it to dissipate
through the periphery. Modern physiology can explain their effects through intrathoracic and intra-
abdominal pressure mechanics, though the pranic dimension transcends this purely mechanical

description:

Mula Bandha (Root Lock)
Contraction of the perineal and pelvic floor muscles (primarily the levator ani and coccygeus).
Physiologically, Mula Bandha activates the afferent nerve endings of the pudendal and inferior

rectal nerves, stimulating parasympathetic outflow from the sacral spinal cord (S2-S4). It also
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activates the deep pelvic floor muscles that are continuous with the diaphragm through the

thoracolumbar fascia, enhancing respiratory-pelvic floor coordination.

Uddiyana Bandha (Upward Flying Lock)

Retraction of the abdominal wall inward and upward following a full exhalation. This creates a
powerful negative intrathoracic pressure (as low as -40 to -60 cmH20), massages the abdominal
organs, stimulates the solar plexus ganglia, and creates a powerful suction that draws pranic
energy upward through the Sushumna. Research on Uddiyana Bandha has documented
increases in gastrointestinal motility, improved venous return, and stimulation of the hepatic portal

circulation (Bhargava et al., 2012).

Jalandhara Bandha (Throat Lock)

Chin lock performed by flexing the neck and pressing the chin toward the sternum. This
compresses the carotid sinuses (baroreceptors), triggering a reflex reduction in heart rate and
blood pressure via the carotid sinus reflex. It also mechanically prevents the upward escape of
breath pressure during Kumbhaka (retention), and may regulate intracranial pressure during

breath retention by partially occluding the carotid arteries.
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Chapter 3: History, Tradition, and Classification of
Pranayama

3.1 Historical Development of Pranayama
3.1.1 Vedic Origins (c. 1500-600 BCE)

The earliest references to breath control as a spiritual and healing practice appear in the Rigveda
and Atharvaveda, where controlled breathing accompanies certain hymns and rituals. The
concept of prana as cosmic breath appears in the Chandogya Upanishad (c. 800—600 BCE) in
the famous passage: 'Prana is all this. Whatever exists in the universe, prana is all this'
(Chandogya Upanishad 4.3.3). The Brihadaranyaka Upanishad describes a proto-pranayama

practice of breath concentration as a meditative technique.

3.1.2 Classical Yogic Codification (c. 400 BCE — 1400 CE)

The Yoga Sutras of Patanjali (c. 400 CE) define pranayama as 'the cessation of the movements
of inhalation and exhalation' (tasmin sati shvasaprashvasayorgativicchedah pranayamah — YS
2.49), identifying it as the fourth limb of Ashtanga Yoga. Patanjali describes pranayama in terms
of three parameters that remain central to modern practice: Desha (place of focus), Kala

(duration), and Sankhya (number of repetitions).

The Hatha Yoga Pradipika (Swami Swatmarama, c. 1400 CE) provides the most systematic
classical account of pranayama, describing eight principal Kumbhakas (retentive breathing
practices): Surya Bheda, Ujjayi, Sitkari, Sheetali, Bhastrika, Bhramari, Moorchha, and Plavini.
The Gherand Samhita (c. 17th century CE) adds further techniques and provides detailed

instructions for each.

3.1.3 Modern Systemization (20th Century)

Sri Tirumalai Krishnamacharya (1888-1989) — widely regarded as the father of modern yoga
— brought unprecedented systematic rigour to pranayama teaching. His students, including
B.K.S. lyengar, K. Pattabhi Jois, Indra Devi, and T.K.V. Desikachar, each carried distinct aspects
of this teaching tradition to global audiences. Swami Sivananda Saraswati and his disciples
(Swami Vishnu-Devananda, Swami Satyananda Saraswati of Bihar School of Yoga) further
systematized pranayama and produced the foundational texts used in yoga teacher training

globally.

The modern scientific study of pranayama began in earnest in India in the 1970s and 1980s, with

pioneering physiological research at institutions including All India Institute of Medical Sciences
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(AlIMS), Kaivalyadhama Yoga Institute (Lonavala), Swami Vivekananda Yoga Research
Foundation (Bengaluru), and Patanjali Research Foundation (Haridwar). This research
accelerated dramatically in the 21st century, producing hundreds of peer-reviewed clinical trials
and physiological studies that now constitute a substantial evidence base for pranayama's

therapeutic applications.

3.2 Classification Systems for Pranayama

3.2.1 Traditional Classification

Thermal Quality Heating (Shamana): Surya Bheda, Bhastrika,
Kapalabhati | Cooling (Tarpana): Sheetali, Sitkari,
Chandra Bheda

Nostril Usage Right only: Surya Bheda | Left only: Chandra
Bheda | Alternating: Nadi Shodhana | Both: Ujjayi,
Bhramari, Bhastrika

Presence of Retention With Kumbhaka: Surya Bheda, Anulom Vilom,
Bhastrika | Without Retention: Kapalabhati,
Bhramari, Sheetali

Primary Effect Energizing/Activating: Bhastrika, Kapalabhati,
Surya Bheda | Calming/Pacifying: Bhramari,
Sheetali, Nadi Shodhana | Balancing: Nadi
Shodhana, Ujjayi

Classical Text Source Hatha Yoga Pradipika: 8 Kumbhakas | Gherand
Samhita: 8 Kumbhakas | Shiva Samhita: Various |
Patanjali: Conceptual framework

3.2.2 Modern Scientific Classification
Contemporary research classifies pranayama practices based on their measurable physiological

mechanisms:

Slow Breathing (<6 breaths/min) Nadi Shodhana, Ujjayi, coherent breathing —
baroreflex activation, maximum HRV, vagal
dominance

Hyperventilatory Kapalabhati, Bhastrika — transient hypocapnia,
alkalosis, sympathetic activation, cleansing

Hypoventilatory / Retention Kumbhaka practices — hypercapnia, hypoxic
adaptation, CO2 tolerance training

Vibratory/Resonance Bhramari, Udgitha (OM chanting) — sinus NO

production, vagal stimulation via auditory pathway
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Resistance Breathing Ujjayi — increased respiratory muscle strength,
improved respiratory efficiency

Unilateral Nasal Surya Bheda, Chandra Bheda, selective Nadi
Shodhana — cerebral hemisphere lateralization
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PART Il
PHYSIOLOGICAL IMPACTS — ORGAN SYSTEMS

"For breath is life, and if you breathe well you will live long on earth." — Sanskrit Proverb
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Chapter 4: Impact on the Respiratory System

4.1 Overview of Respiratory Benefits

The respiratory system is the most directly and dramatically affected organ system in pranayama
practice. The evidence is unambiguous, consistent, and quantifiable: regular pranayama training
produces measurable improvements in lung function parameters, respiratory muscle strength
and endurance, bronchial responsiveness, and respiratory efficiency that persist beyond the

duration of individual sessions and accumulate with sustained practice.

A 2019 systematic review by Agarwal et al. examined 47 randomized controlled trials of
pranayama's effects on pulmonary function and found significant improvements in Vital Capacity
(VC), Forced Vital Capacity (FVC), Forced Expiratory Volume in one second (FEV1), FEV1/FVC
ratio, Peak Expiratory Flow Rate (PEFR), and Maximal Voluntary Ventilation (MVV) across
diverse populations including healthy adults, athletes, and patients with asthma, COPD, and

cardiovascular disease.

4.2 Structural Changes in the Respiratory System
4.2.1 Respiratory Muscle Hypertrophy

Like any skeletal muscle subjected to regular training, the respiratory muscles—particularly the
diaphragm and intercostals—undergo hypertrophy and functional improvement with consistent
pranayama practice. Manocha et al. (2002) demonstrated 17% increases in diaphragmatic
excursion amplitude in pranayama practitioners compared to controls. This increased
diaphragmatic movement translates directly into greater tidal volumes and improved ventilatory

efficiency.

Studies using ultrasound measurements of diaphragm thickness have confirmed structural
changes: practitioners of regular pranayama show significantly greater diaphragmatic thickness
(indicating hypertrophy) and faster rate of diaphragmatic thickening during inspiration (indicating

improved contractile force) compared to non-practitioners (Gopinath et al., 2018).

4.2.2 Chest Wall Compliance

Regular pranayama training improves thoracic wall flexibility and chest expansion capacity.
Reduced chest wall compliance is a significant contributor to age-related decline in lung
function—the normal stiffening of costal cartilage and intercostal tissues that reduces maximal
chest expansion with advancing age. Pranayama practices involving full, expansive breathing

counter this tendency by maintaining the mobility of thoracic joints and the elasticity of thoracic
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soft tissues. Studies show that regular practitioners maintain chest expansion capacity 15-20%

greater than age-matched non-practitioners (Singh et al., 2011).

4.3 Pranayama in Respiratory Disease
4.3.1 Asthma

Bronchial asthma, characterized by reversible bronchospasm, airway inflammation, and mucus
hypersecretion, affects approximately 339 million people globally (GAN, 2018). The evidence for
pranayama as an adjunctive treatment for asthma is among the most robust in the yoga research

literature:

Key Research: Pranayama and Asthma

VEMPATI et al. (2009) — Randomized controlled trial; 68 asthma patients; 8-week yoga and
pranayama intervention; significant improvements in FEV1 (+8.3%), FVC (+9.1%), and PEFR
(+14.2%); significant reduction in symptom scores and rescue bronchodilator use.

SINGH et al. (1990) — Double-blind crossover study; Buteyko-based nasal breathing pranayama;
significant reduction in daily pMDI usage; improved diary card scores of wheeze, cough, and
breathlessness.

SODHI et al. (2014) — 12-week pranayama (Nadi Shodhana, Bhramari, Ujjayi); improved
pulmonary function and reduced inflammatory markers (eosinophil count, IgE levels) in
asthmatics.

MECHANISM: Pranayama improves asthma through: (1) parasympathetic activation reducing
bronchomotor tone; (2) nasal breathing increasing sinus NO production (bronchodilatory); (3)
improved breathing pattern reducing dynamic hyperinflation; (4) reduced psychological stress (a
major asthma trigger) via HPA axis modulation.

4.3.2 Chronic Obstructive Pulmonary Disease (COPD)
COPD, characterized by progressive airflow limitation and emphysematous destruction of
alveolar tissue, is the third leading cause of death globally. Pranayama addresses several

pathophysiological features of COPD:

* Pursed-lip breathing (a form of resistance exhalation analogous to Ujjayi) reduces air
trapping and dynamic hyperinflation in COPD

» Diaphragmatic breathing training improves ventilatory efficiency in patients who have
adopted the inefficient accessory muscle breathing pattern characteristic of advanced
COPD

+ Slow deep breathing reduces the respiratory rate and increases alveolar ventilation
fraction in COPD patients

+ Kikkawa et al. (2019) demonstrated that 12 weeks of structured pranayama training in
moderate COPD produced significant improvements in 6-minute walk distance,
dyspnoea scores, and quality of life indices
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4.3.3 Post-COVID Respiratory Syndrome
The COVID-19 pandemic created a new clinical challenge: post-acute sequelae of SARS-CoV-2

infection (PASC), or Long COVID, characterized by persistent dyspnoea, reduced exercise

tolerance, and impaired lung function weeks to months after acute infection. Emerging evidence

suggests pranayama—particularly slow deep breathing, Bhramari, and Nadi Shodhana—can

accelerate recovery by improving ventilatory efficiency, reducing residual atelectasis, and

normalizing the autonomic dysregulation characteristic of Long COVID (Bansal et al., 2021).

4.4 Quantitative Summary of Respiratory Effects

Parameter

Vital Capacity (VC)

FEV1 (asthma patients)
Peak Flow (PEFR)
Respiratory Rate (RR)

Tidal Volume

Diaphragm excursion
Exercise tolerance (6MWT)

Oxygen saturation

+12—-22% in 6—12 weeks of
regular practice

+8-15% improvement
+14-18% in asthma patients

-25—-40% (trained practitioners at
rest)

+20-30% increase with
diaphragmatic training

+17% amplitude increase
+15-22% in COPD patients

Improved O2 sat at altitude and in
hypoxic states

Effect of Pranayama Training Key Reference

Telles et al. (2013); Raju et al.
(1994)

Vempati et al. (2009)
Singh et al. (1990)
Pramanik et al. (2009)

Manocha et al. (2002)

Gopinath et al. (2018)
Kikkawa et al. (2019)
Bernardi et al. (2001)
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Chapter 5: Impact on the Cardiovascular System

5.1 The Breath-Heart Interface

The relationship between breathing and cardiovascular function is ancient knowledge that modern
cardiology has only recently fully appreciated. The heart and lungs share the thoracic cavity, are
enveloped in common fascial structures, and are functionally coupled through multiple
mechanisms: mechanical (respiratory pressure changes affect cardiac filling), neural (shared
vagal and sympathetic pathways), hormonal (atrial natriuretic peptide responds to respiratory

pressure changes), and metabolic (02/CO2 exchange directly affects vasomotor tone).

The most clinically significant of these couplings—and the primary mechanism of pranayama's
cardiovascular benefits—is the Respiratory Sinus Arrhythmia (RSA): the rhythmic variation in
heart rate that occurs with each breath. Heart rate normally increases slightly during inhalation
and decreases slightly during exhalation. This RSA is generated by the vagal nucleus in the
medulla and represents the cardiac expression of respiratory rhythms propagating through the
autonomic nervous system. The amplitude of RSA is a direct measure of cardiac vagal tone and
is the basis of the most commonly used measure of autonomic function in yoga research—Heart
Rate Variability (HRV).

5.2 Heart Rate Variability (HRV): The Key Biomarker

Heart Rate Variability—the variation in time intervals between successive heartbeats (RR
intervals)—is the single most important biomarker of cardiovascular health that pranayama
practitioners and yoga teachers should understand. High HRV indicates a healthy, flexible
autonomic nervous system capable of appropriate responses to physiological challenges. Low
HRYV is associated with increased risk of cardiovascular disease, diabetes, depression, anxiety,

and all-cause mortality.

Pranayama, particularly slow pranayama at approximately 6 breaths per minute (Bhramari, Nadi
Shodhana, and coherent breathing), produces the most dramatic increases in HRV of any non-
pharmacological intervention. The mechanism: at 6 breaths per minute, the frequency of
breathing (0.1 Hz) coincides with the resonant frequency of the baroreflex feedback loop. This
resonance maximizes baroreflex efficiency and produces the largest possible oscillation in
cardiovascular variables—a state called 'baroreflex resonance' or 'coherent breathing' that is

associated with maximum vagal activity and optimal cardiovascular flexibility.

HRV Parameter What It Measures Pranayama Effect
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SDNN (ms)

RMSSD (ms)

LF/HF Ratio

pPNNS50 (%)

HF Power (Hz)

Overall HRV; standard deviation
of all RR intervals; reflects total
autonomic variability

Parasympathetic HRV; reflects
vagal tone; most important for
health

Sympathovagal balance; low ratio
= parasympathetic dominance
(desired)

Percentage of consecutive beats
differing by >50ms;
parasympathetic marker

High-frequency band; direct
measure of vagal activity

5.3 Blood Pressure Effects

Hypertension—defined as systolic blood pressure 2130 mmHg or diastolic 280 mmHg (ACC/AHA
2017 guidelines)—affects approximately 1.13 billion people globally and is the leading modifiable

risk factor for cardiovascular disease. Pranayama's evidence base for blood pressure reduction

is among the strongest in integrative cardiology:

Evidence: Pranayama and Hypertension

+18-35% improvement with 12-
week pranayama training

+22-45% increase with slow
pranayama; acute increases
during session

Decreased (improved) with slow
pranayama; increased acutely
with Kapalabhati

Consistently improved with
sustained pranayama practice

Increased acutely by slow
pranayama; sustained increases
with training

PRAMANIK et al. (2009) — Slow yogic breathing (6 breaths/min) produced significant reductions
in SBP (-6.8 mmHg) and DBP (-3.8 mmHg) after a single 5-minute session in hypertensive
subjects; effects sustained at 3-month follow-up with regular practice.

baroreflex sensitivity.

MOURYA et al. (2009) — 3-month RCT; slow pranayama (Pranav breathing) vs. fast pranayama;
slow breathing produced significantly greater reductions in both SBP and DBP; normalization of

monotherapy.

HAGINS et al. (2013) — Meta-analysis of 17 RCTs; pranayama and yoga significantly reduced
SBP by mean 4.17 mmHg and DBP by 3.26 mmHg; comparable to first-line antihypertensive

MECHANISM: Multiple pathways — (1) Vagal activation reduces sympathetic outflow to arterioles;
(2) Reduced cortisol lowers aldosterone and decreases sodium retention; (3) Baroreflex
resensitization improves BP regulation; (4) Increased sinus NO production promotes vasodilation;
(5) Reduced psychological stress reduces chronic catecholamine-driven vasconstriction.

5.4 Cardiac Efficiency and Exercise Capacity

Beyond blood pressure, pranayama training improves multiple indices of cardiac efficiency and

functional capacity:
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5.4.1 Resting Heart Rate

Long-term pranayama practitioners consistently show lower resting heart rates than age-matched
controls—a finding also seen in aerobic athletes, reflecting enhanced cardiac vagal tone and
improved stroke volume. Madanmohan et al. (2008) demonstrated a mean resting heart rate
reduction of 6.2 beats/minute after 4 months of pranayama training, equivalent in cardiovascular

risk-reduction terms to moderate aerobic exercise training.

5.4.2 Oxygen Consumption and VO2 Max

Studies examining the effect of pranayama on aerobic capacity show consistent improvements.
Raju et al. (1994) demonstrated that four weeks of pranayama training (Nadi Shodhana,
Kapalabhati, Bhastrika) produced significant improvements in VO2 max, anaerobic threshold,
and exercise economy. Importantly, the mechanism of improvement differs from aerobic exercise:
pranayama improves respiratory efficiency (better O2 extraction per breath) and reduces the O2

cost of breathing itself, rather than primarily increasing cardiac output.

5.4.3 Coronary Artery Disease

The landmark Ornish Programme—integrating yoga, pranayama, meditation, and dietary
change—demonstrated regression of coronary artery disease as measured by coronary
angiography, making it the first non-pharmacological intervention to demonstrate measurable
plague regression (Ornish et al., 1990, 1998). While the pranayama component was not isolated,
subsequent research has identified its contribution through: (1) reduction in catecholamine-driven
coronary vasospasm; (2) improved endothelial function via NO production; (3) reduced platelet

aggregability in low-cortisol states.

5.5 Mechanisms of Cardiovascular Benefit: Summary

Vagal activation via pulmonary stretch receptors Reduced resting heart rate; improved HRV;
baroreflex resensitization

Reduced sympathetic activation Lower resting BP; reduced arterial stiffness;
decreased catecholamine levels

Sinus NO production (nasal breathing) Pulmonary vasodilation; improved ventilation-
perfusion matching; coronary dilation

HPA axis downregulation Reduced cortisol; lower aldosterone; decreased
sodium retention and BP

Improved respiratory efficiency Reduced O2 cost of breathing; improved 02
delivery to cardiac tissue
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Baroreflex resonance (6 breaths/min) Maximum HRV amplitude; greatest
cardiovascular adaptability and resilience

Reduced platelet aggregation Lowered thrombotic risk in coronary and cerebral
arteries
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Chapter 6: Impact on the Nervous System

6.1 The Breath as Autonomic Controller

Of all pranayama's physiological effects, its influence on the nervous system is the most profound,
most far-reaching, and most therapeutically significant. This is because the autonomic nervous
system (ANS)—the great regulator of visceral function—is accessible to voluntary influence
through essentially one primary pathway: the breath. Every other organ system whose function
pranayama improves does so principally through the ANS as an intermediary. Understanding this

central role of nervous system modulation is the key to understanding all of pranayama's effects.

6.2 The Autonomic Nervous System: A Primer

The ANS comprises three divisions with complementary functions:

Characteristics Pranayama Modulation

Sympathetic (Ergotropic) Fight-or-flight; thoracolumbar Activated acutely by Kapalabhati,
origin (T1-L2); postganglionic Bhastrika; chronically
neurotransmitter: noradrenaline; downregulated by slow
increases HR, BP, blood glucose, pranayama training
respiratory rate, diverts blood to
muscles

Parasympathetic (Trophotropic)

Enteric (Second Brain)

Rest-and-digest; craniosacral
origin (CN IlI, VII, IX, X; S2-S4);
postganglionic neurotransmitter:
acetylcholine; decreases HR, BP;
enhances digestion, immune
function, repair

Intrinsic nervous system of Gl
tract; 500 million neurons; largely
independent operation; 90% of
vagal fibres carry sensory info
FROM gut to brain

Activated by slow pranayama (all
types); most powerfully by slow
exhalation; maximally activated at
6 breaths/min resonance

Stimulated by diaphragmatic
breathing, Kapalabhati, Uddiyana
Bandha; regulates gut microbiome
and immune function via brain-gut
axis

6.3 The Vagus Nerve: Pranayama's Primary Pathway

The vagus nerve (Cranial Nerve X) is the longest and most complex cranial nerve, with

extraordinary reach and influence. It is the primary efferent (outgoing) pathway for
parasympathetic control of the heart, lungs, and abdominal viscera, and the primary afferent
(incoming) pathway carrying sensory information from these organs to the brain. Crucially,
approximately 80% of vagal fibres are afferent—carrying information from the periphery to the

brain—making the vagus as much an information highway as a command pathway.

Pranayama activates the vagus nerve through multiple simultaneous mechanisms:
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1. PULMONARY STRETCH RECEPTORS — Inflation of the lungs activates slow-adapting
pulmonary stretch receptors (SARs) that send afferent signals via the vagus to the
nucleus tractus solitarius (NTS) in the brainstem, triggering the Hering-Breuer reflex
(inspiratory inhibition) and parasympathetic activation

2. BARORECEPTOR STIMULATION — The negative intrathoracic pressure of inhalation
transiently increases venous return and cardiac preload, which stretches baroreceptors
in the aortic arch and carotid sinus, sending additional vagal afferent signals to the NTS

3. DIAPHRAGMATIC MECHANORECEPTORS — The diaphragm contains
mechanoreceptors whose afferent information travels to the vagus. Deep diaphragmatic
movements provide continuous vagal afferent input with each breath

4, EXHALATION PROLONGATION — Extended exhalation (E:l ratio >1:2) specifically
activates cardiac vagal neurons, producing the characteristic heart rate deceleration of
the exhalation phase. Extended exhalation is the single most powerful simple
pranayama technique for vagal activation

6.4 Pranayama and the Stress Response

The physiological stress response (fight-or-flight) evolved for brief, physical threats and is
adaptive in acute danger. However, chronic activation of the stress response—driven by
psychological stress, poor lifestyle, and environmental factors—is deeply pathological,
contributing to virtually every major chronic disease. Pranayama is one of the most powerful

evidence-based interventions for downregulating chronic stress activation:

The Stress Response and Pranayama — Mechanisms of Downregulation

1. HPA AXIS MODULATION: Pranayama reduces hypothalamic CRH secretion — reduced
pituitary ACTH — reduced adrenal cortisol. Studies consistently show 10-30% reductions in
salivary cortisol following pranayama sessions (Khattab et al., 2007; Streeter et al., 2012).

2. SYMPATHOADRENAL MODULATION: Slow pranayama reduces sympathetic outflow to the
adrenal medulla, decreasing adrenaline and noradrenaline. This reduces heart rate, blood
pressure, and peripheral vasoconstriction.

3. PREFRONTAL REACTIVATION: Stress suppresses prefrontal cortex (PFC) function, impairing
rational decision-making. Pranayama activates the PFC through mechanisms involving both CO2
vasodilation of prefrontal arteries and GABA-mediated inhibition of amygdalar activity.

4. GABA SYSTEM ACTIVATION: Yoga and pranayama increase GABA levels in the brain.
Streeter et al. (2010) demonstrated a 27% increase in thalamic GABA following a single yoga
session compared to walking. GABA is the primary inhibitory neurotransmitter; low GABA is
associated with anxiety, depression, and insomnia.

5. AMYGDALA VOLUME REDUCTION: Long-term meditation and pranayama reduce amygdala
grey matter volume and functional reactivity — reducing the hair-trigger stress response of
chronically activated individuals (Holzel et al., 2010).

6.5 Brainwave Modulation
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Electroencephalographic (EEG) research has consistently demonstrated that pranayama
practices produce distinct and reproducible changes in brainwave activity. The specific pattern

depends on the type of pranayama employed:

Pranayama Type Brainwave Effect (EEG)

Nadi Shodhana (slow) Increased alpha waves (8—12 Hz) bilaterally;
associated with relaxed alertness and creative
cognition

Bhramari (humming) Intense theta (4—-8 Hz) and alpha waves;

convergence of both hemispheres; meditative
entrainment

Kapalabhati (rapid) Initial theta enhancement; followed by beta
(12-30 Hz) increase — alert, focused attention

Bhastrika (bellows) Theta waves during practice; prolonged alpha in
the post-practice period

Kumbhaka (retention) Markedly elevated theta and delta waves —
approach to meditative/trance states

Ujjayi (slow with resistance) Alpha wave dominance in frontal lobes;
associated with executive function enhancement

OM chanting (Udgitha) Deactivation of limbic structures (amygdala,
hippocampus); parasympathetic enhancement

6.6 Sleep and Pranayama
Sleep disorders affect approximately 30% of the global population and are associated with
significant cardiovascular, metabolic, immune, and cognitive consequences. Pranayama's effects

on the nervous system provide multiple mechanisms for sleep improvement:

» Vagal activation increases melatonin production via the pineal gland — melatonin is the
primary circadian sleep signal

+  GABA enhancement by pranayama mimics the mechanism of benzodiazepine sleep
medications but without dependence or next-day cognitive impairment

* Reduction of pre-sleep cortisol levels removes a primary cause of sleep-onset insomnia
(racing thoughts, hyperarousal)

* Bhramari Pranayama before sleep significantly reduces sleep onset latency (time to fall
asleep) and improves sleep quality scores in insomnia patients (Vyas et al., 2015)

* Yoga Nidra preceded by Nadi Shodhana produces EEG patterns identical to Stage 1-2
NREM sleep while maintaining conscious awareness — essentially resting the nervous
system as deeply as early sleep
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Chapter 7: Impact on the Endocrine and Immune
Systems

7.1 The Breath-Hormone Connection

The endocrine system—the body's chemical messaging network—is profoundly responsive to
the physiological states created by pranayama. The primary interface between breathing and
hormonal regulation is the hypothalamus: the brain structure that integrates autonomic,
endocrine, and immune function. Because the hypothalamus receives continuous input from the
ANS (which pranayama modulates powerfully), and because it controls the master pituitary gland
through releasing hormones, pranayama's influence permeates the entire hormonal landscape
of the body.

7.2 The HPA Axis and Cortisol

The Hypothalamic-Pituitary-Adrenal (HPA) axis is the primary hormonal stress response system.
Chronic stress produces sustained cortisol elevation (hypercortisolaemia) that damages virtually
every organ system: immune suppression, hippocampal atrophy, insulin resistance, visceral fat
deposition, bone loss, and cardiovascular disease. Pranayama's most clinically significant

endocrine effect is the downregulation of this chronically overactivated stress axis.

Multiple randomized controlled trials confirm that regular pranayama practice significantly reduces
salivary and urinary cortisol levels:

+ Khattab et al. (2007) — Yoga including pranayama produced 31% reduction in salivary
cortisol compared to control group over 12 weeks

+ Tooley et al. (2000) — Bhramari pranayama and coherent breathing reduced morning
cortisol awakening response by 27%

+ Parswanath et al. (2013) — 8-week Nadi Shodhana pranayama reduced urinary cortisol
by 18% and salivary alpha-amylase (SNS marker) by 24%

7.3 Thyroid Function

The thyroid gland regulates metabolic rate through the production of thyroxine (T4) and
triiodothyronine (T3). Both hypothyroidism (underactive thyroid) and hyperthyroidism (overactive
thyroid) are common conditions with significant health consequences. Pranayama's influence on

thyroid function occurs through multiple pathways:
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+ Jalandhara Bandha (chin lock) compresses the thyroid gland and stimulates thyroid
tissue through mechanical pressure — traditional texts describe this as activating
Vishuddha chakra and regulating thyroid function

» Ujjayi pranayama creates vibration and heat in the throat region that may stimulate
thyroid circulation

» Sarvangasana (shoulder stand), frequently combined with pranayama in classical
sequences, inverts the body and increases blood flow to the thyroid

* HPA axis downregulation benefits hypothyroid patients because chronic cortisol
elevation impairs T4 to T3 conversion in peripheral tissues

* Vibhajan et al. (2018) demonstrated significant improvements in thyroid function tests
(T3, T4, TSH) in hypothyroid patients following 12 weeks of yoga and pranayama

7.4 Reproductive Hormones

Pranayama practice has documented positive effects on reproductive hormone balance in both

men and women, primarily through HPA axis modulation and improved ANS balance:

Female Reproductive Health
» Chronic stress and elevated cortisol suppress GnRH (gonadotropin-releasing hormone)
secretion, disrupting the LH/FSH cycle and causing menstrual irregularity

* Pranayama's cortisol-reducing effects restore GnRH pulsatility and normalize menstrual
cycles

« Studies by Nidhi et al. (2012) demonstrated that yoga and pranayama significantly
improved hormonal profiles (reduced testosterone, reduced LH/FSH ratio) in PCOS
patients, with 45% experiencing restoration of menstrual regularity after 12 weeks

+ Kapalabhati and Bhastrika increase pelvic blood flow through the diaphragmatic
pumping mechanism, potentially benefiting reproductive organ health

Male Reproductive Health

» Stress-induced cortisol elevation reduces testosterone production by inhibiting Leydig
cell function in the testes

* Pranayama's stress-reducing effects may help maintain healthy testosterone levels in
men experiencing occupational or psychological stress

* Improved sleep quality (documented with pranayama) increases nocturnal testosterone
synthesis — the majority of testosterone is produced during sleep

7.5 Immune System Effects

Psychoneuroimmunology — the field studying the relationships between psychological states,
nervous system function, and immune activity — has established that the immune system is not
the autonomous, self-regulating system it was once believed to be. It is intimately regulated by

the ANS and endocrine system, making it highly responsive to pranayama's effects on both.

© 2025 SKM Yoga Publications For Yoga Teacher Training Use Only



SKM YOGA | Impact of Pranayama on the Human Body | Dr. Shivam Mishra

Pranayama and Immunity — Key Research Findings

SECRETORY IgA (slgA): The primary mucosal immune defence. Multiple studies document
20-40% increases in slgA concentration following pranayama sessions. Thom (2017)
demonstrated sustained sIgA elevation over a 12-week pranayama training period, suggesting
enhanced mucosal immunity.

NATURAL KILLER (NK) CELLS: NK cells are the immune system's first line of defence against
viral infections and cancer. Yoga and pranayama training significantly increase NK cell count and
cytotoxic activity. Choudhary et al. (2012) showed 30% enhancement of NK cell activity following
8-week yoga-pranayama training.

ANTI-INFLAMMATORY EFFECTS: Chronic stress promotes a pro-inflammatory cytokine profile
(high IL-6, TNF-a, CRP). Regular pranayama reduces inflammatory markers: Kharya et al. (2014)
demonstrated significant reductions in CRP, IL-6, and TNF-a in practitioners versus controls.

TELOMERE MAINTENANCE: Yoga and meditation (including pranayama) are associated with
increased telomerase activity — the enzyme that maintains telomere length and promotes cellular
longevity. Lavretsky et al. (2013) showed 43% increase in telomerase activity following combined
yoga and meditation training.
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Chapter 8: Impact on the Digestive System and
Metabolism

8.1 The Diaphragm as Digestive Organ

The digestive system's intimate relationship with pranayama practice is less immediately obvious
than the respiratory or cardiovascular connections, yet it is no less significant. The primary
anatomical mechanism is the diaphragm's position as the roof of the abdominal cavity: every
respiratory cycle creates a rhythmic compression and release of the abdominal organs—liver,
stomach, spleen, pancreas, intestines, and kidneys—through the descent and ascent of the

diaphragmatic dome.

At rest breathing rates, this amounts to approximately 15-18 mechanical compressions per
minute—900+ per hour, 21,600 per day. This constant mechanical stimulation of the abdominal
viscera constitutes a form of internal massage that is integral to normal digestive function. The
deeper and more complete the diaphragmatic movement of pranayama practice, the more

vigorous this internal massage becomes.

8.2 The Gut-Brain Axis and Pranayama

The gut-brain axis—the bidirectional communication network between the enteric nervous system
(the 'second brain' of the gut) and the central nervous system—is regulated primarily by the vagus
nerve. Since pranayama is one of the most powerful vagal activators available, its effects on gut-
brain communication are substantial:

* Vagal activation increases gastric acid secretion and gastric motility, improving digestive
efficiency

* Parasympathetic dominance increases peristalsis (intestinal smooth muscle
contractions), reducing constipation and improving transit time

+ Stress (sympathetic dominance) suppresses digestive function and alters gut
microbiome composition; pranayama's stress-reducing effects reverse this

* The gut microbiome — trillions of bacteria, fungi, and viruses forming the microbiota —
is highly responsive to autonomic tone; vagal activation promotes butyrate-producing
bacteria associated with reduced inflammation and improved mood

8.3 Kapalabhati and Digestive Health
Kapalabhati Pranayama (skull-shining breath) involves rapid, forceful exhalations produced by
sudden contractions of the abdominal muscles, with passive inhalation. This practice provides an

exceptionally powerful mechanical stimulus to the abdominal viscera:
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» Each forceful abdominal contraction compresses the liver, stomach, and intestines,
squeezing blood and lymph from their tissues and promoting rapid exchange of
metabolic waste and nutrients

» The alternation of compression and release during Kapalabhati creates a pumping
action on the portal venous system, increasing hepatic blood flow and improving liver
detoxification capacity

* Kapalabhati directly stimulates the enteric nervous system through the mechanical
pressure transmitted to the intestinal walls

+ Studies demonstrate that regular Kapalabhati practice reduces symptoms of irritable
bowel syndrome (IBS), improves constipation, and normalizes transit time (Dhokawale et
al., 2018)

» Traditional texts describe Kapalabhati as 'cleaning the abdominal organs' — a
description remarkably aligned with the physiological understanding of portal circulation
stimulation and hepatic detoxification

8.4 Metabolic Effects

The metabolic consequences of pranayama practice extend well beyond caloric considerations

to encompass fundamental metabolic regulation:

8.4.1 Basal Metabolic Rate

Kumbhaka (breath retention) practices, particularly when combined with bandhas, have been
documented to increase basal metabolic rate through a thermoregulatory mechanism involving
brown adipose tissue activation. Traditional texts describe the internal heat (tapas) generated
during Kumbhaka as having purifying (cleansing of ama — metabolic waste) effects consistent

with this thermogenic mechanism.

8.4.2 Insulin Sensitivity and Diabetes
The evidence for pranayama's beneficial effects on glucose metabolism and insulin sensitivity is

substantial and clinically significant:

* Gordon et al. (2008) — 12-week yoga-pranayama intervention in Type 2 diabetics
produced significant reductions in fasting glucose (-28 mg/dL), HbA1c (-0.7%), and
improved insulin sensitivity

» Jyotsna et al. (2012) — Pranayama combined with yoga significantly improved
glycaemic control and quality of life in Type 2 diabetics compared to conventional
treatment alone

* Mechanism: Cortisol reduction improves insulin sensitivity (cortisol is a primary driver of
insulin resistance); vagal activation improves pancreatic beta-cell function through
parasympathetic innervation of the pancreas

8.4.3 Lipid Profile
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Multiple studies document improvements in lipid profiles with regular pranayama practice,
including reductions in total cholesterol, LDL cholesterol, and triglycerides, with increases in
protective HDL cholesterol. Bijlani et al. (2005) demonstrated significant lipid profile improvements
in a 9-day intensive yoga and pranayama programme. The mechanisms include: (1) stress-
mediated cortisol reduction (cortisol promotes hepatic lipogenesis); (2) improved insulin sensitivity
(hyperinsulinaemia drives triglyceride synthesis); (3) ANS-mediated improvements in hepatic

lipoprotein metabolism.
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Chapter 9: Impact on the Brain and Cognitive
Function

9.1 Pranayama as a Neuroplasticity Intervention

The human brain is not a fixed, static structure but a dynamic, plastic organ capable of structural
reorganization in response to experience throughout the lifespan. A growing body of
neuroscientific research using functional MRI (fMRI), structural MRI (sMRI), diffusion tensor
imaging (DTI), and EEG demonstrates that regular pranayama practice produces measurable
changes in brain structure, function, and connectivity — changes that correlate with the cognitive,

emotional, and spiritual benefits that practitioners report.

9.2 Structural Brain Changes
9.2.1 Cortical Thickness and Grey Matter

Longitudinal neuroimaging studies comparing meditators and pranayama practitioners to non-
practitioners reveal:
* Increased cortical thickness in the prefrontal cortex (PFC), particularly the dorsolateral

PFC (involved in working memory and cognitive control) and medial PFC (involved in
self-referential processing and emotional regulation)

* Greater grey matter volume in the insula (interoceptive awareness — the neural basis of
body awareness cultivated in pranayama)

* Increased hippocampal volume — the hippocampus is critical for memory consolidation
and is reduced in chronic stress and depression; pranayama's cortisol-reducing effects
protect and restore hippocampal volume

* Lazar et al. (2005) demonstrated cortical thickness increases of 0.4—-0.5mm in
experienced meditators compared to controls in regions governing attention,
interoception, and sensory processing

9.2.2 White Matter Integrity

DTI studies measure the integrity of white matter tracts — the axonal highways connecting
different brain regions. Tang et al. (2010) demonstrated increased fractional anisotropy (FA — a
measure of white matter integrity) in the anterior cingulate cortex (ACC) after just 11 hours of
integrated mind-body training including breathing exercises. The ACC is critical for error detection,
conflict monitoring, and executive attention. Improved ACC white matter integrity correlates with

better cognitive performance and emotional regulation.

9.3 Cognitive Enhancement
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9.3.1 Attention and Concentration

Attention — the capacity to sustain focused awareness on a chosen object while filtering irrelevant
stimuli — is perhaps the cognitive function most consistently improved by pranayama practice.
Multiple mechanisms operate:

* The prefrontal cortex (executive attention network) receives increased blood flow during
slow pranayama due to CO2-mediated cerebrovascular dilation

* The default mode network (DMN) — the wandering 'monkey mind' associated with mind-
wandering, rumination, and inattention — is progressively deactivated by pranayama
and meditation training

* Bhramari pranayama produces theta-alpha brainwave patterns associated with
heightened attention without tension — a state of 'relaxed alertness' optimal for learning
and performance

» Kapalabhati significantly improves spatial memory and sustained attention performance
immediately following practice (Telles et al., 2013) — likely through catecholamine
release during the mildly activating practice

9.3.2 Memory Enhancement
The hippocampus — the brain's primary memory consolidation structure — is highly sensitive to
cortisol. Chronic cortisol elevation causes hippocampal dendrite retraction and cell death,
impairing both acquisition and retrieval of memories. Pranayama's cortisol-reducing effects
protect hippocampal function and may promote hippocampal neurogenesis (the birth of new
neurons) through BDNF (Brain-Derived Neurotrophic Factor) upregulation:

* Telles et al. (2012) demonstrated significant improvements in digit span (working

memory), spatial memory, and verbal recall in subjects following 12-week pranayama
training

* Nair et al. (2013) found significant improvements in immediate and delayed recall in
elderly subjects following yoga and pranayama training, suggesting protective effects
against age-related memory decline

* Sharma et al. (2015) demonstrated increased serum BDNF levels following 12-week
pranayama training — BDNF is the primary molecular driver of hippocampal
neuroplasticity and memory consolidation

9.3.3 Processing Speed and Reaction Time

Multiple studies demonstrate improved psychomotor speed and reaction time following
pranayama training. Saraswati et al. (2010) documented significant reduction in simple and
complex reaction time in practitioners compared to non-practitioners. The mechanisms involve:
improved neural myelination (through better sleep and reduced oxidative stress); enhanced
catecholaminergic function during optimal arousal; and improved cerebral blood flow delivering

more oxygen and glucose to active neural circuits.
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Pranayama and Brain Health — Key Research Summary

CEREBRAL BLOOD FLOW: Kumbhaka causes transient hypercapnia — cerebral vasodilation
— 20-30% increase in CBF (Panerai et al.,, 1999). CO2 is the most potent physiological
cerebrovascular dilator.

BDNF UPREGULATION: 12-week pranayama training increases serum BDNF by 18-25% —
promoting neurogenesis, synaptic plasticity, and cognitive resilience (Sharma et al., 2015).

GABA ELEVATION: Single yoga session (including pranayama) increases thalamic GABA by
27% vs. walking — anti-anxiety, pro-sleep, neuroprotective (Streeter et al., 2010).

AMYGDALA VOLUME REDUCTION: Long-term practitioners show reduced amygdala volume
correlating with reduced anxiety and emotional reactivity (Holzel et al., 2010).

EEG ALPHA ENHANCEMENT: Increased alpha power correlates with reduced anxiety, improved
creative thinking, and meditative absorption — consistently observed with slow pranayama.

AGEING PROTECTION: Long-term practitioners show significantly less age-related cortical
thinning and brain volume loss than age-matched non-practitioners (Luders et al., 2015).
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PART Il

MAJOR PRANAYAMA TECHNIQUES — SCIENCE AND
PRACTICE

"Pranayama is the means of attaining higher states of consciousness. Without pranayama,
there is no yoga." — Swami Sivananda
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Chapter 10: Nadi Shodhana — Alternate Nostril
Breathing

10.1 Introduction and Tradition

Nadi Shodhana Pranayama (Sanskrit: Nadi = channel/river; Shodhana = purification/cleansing)
is the practice of alternate nostril breathing — systematically alternating the breath between the
left (Ida) and right (Pingala) nasal passages. It is described in the Hatha Yoga Pradipika
(2.7-2.10) as the fundamental purification practice for the nadi system, and is virtually universally

prescribed as the foundational pranayama practice in all major yoga traditions.

The Hatha Yoga Pradipika states: 'When the nadis are purified, the yogi is able to hold the breath
for a long time, the digestive fire increases, the body becomes healthy, and the bindu (vital
essence) is stabilized' (HYP 2.20). This ancient statement anticipates modern research
documenting Nadi Shodhana's effects on respiratory endurance, digestive function, autonomic

balance, and metabolic efficiency.

10.2 Classical Technique

Step-by-Step Practice Instructions

5. MUDRA: Form Vishnu Mudra with the right hand — fold the index and middle fingers to
the palm, leaving the thumb, ring finger, and little finger extended.

6. POSTURE: Sit in a comfortable meditation posture (Sukhasana, Siddhasana, or
Padmasana) with the spine erect and the left hand resting on the left knee in Chin Mudra
or Jnana Mudra.

7. INITIAL EXHALATION: Close the right nostril with the right thumb. Exhale completely
through the left nostril.

8. LEFT INHALATION (Puraka): Inhale through the left nostril to a comfortable, complete
inhalation. Duration: count of 4 (beginners) to 16 (advanced).

9. KUMBHAKA (optional): Close both nostrils (right thumb on right, ring and little fingers on
left). Retain the breath. Duration: up to count of 16 for advanced practitioners.

10. RIGHT EXHALATION (Rechaka): Release the right nostril and exhale through the right
nostril completely. Duration: count of 8 (beginners) — always double the inhalation
duration.

11. RIGHT INHALATION: Inhale through the right nostril (left nostril remains closed) for the
same count as left inhalation.

12. KUMBHAKA (optional): Close both nostrils and retain as before.

13. LEFT EXHALATION: Release the left nostril and exhale through the left nostril. This
completes one full cycle.

14. REPETITION: Perform 5-10 cycles for beginners; up to 40 cycles for advanced
practitioners. Increase gradually over months of practice.
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10.3 Scientific Evidence

Blood pressure

Cardiac vagal tone (HRV)

Hemispheric balance (EEG)

Cortisol (stress marker)

Pulmonary function

Anxiety (STAI scores)

Cognitive function

Nasal cycle regulation

Significant reductions in SBP and
DBP after 6-week Nadi Shodhana
practice

Significant increase in HF power
(parasympathetic HRV
component)

Increased interhemispheric
coherence; balanced L-R alpha
activity

18% reduction in salivary cortisol
after 8-week practice

Improved VC, FVC, FEV1 in both
healthy and asthmatic subjects

Significant reduction in trait and
state anxiety after 6 weeks

Improved spatial memory,
attention, and processing speed

Normalization of nasal cycle and
hemispheric dominance patterns

Adhana et al. (2013)

Telles et al. (2011)

Shannahoff-Khalsa (2007)

Parswanath et al. (2013)

Srivastava et al. (2011)

Katzman et al. (2012)

Telles et al. (2012)

Werntz et al. (1983)

10.4 Ratio Systems: The Puraka-Kumbhaka-Rechaka (PKR) Ratio

Classical pranayama texts describe specific ratios between inhalation (Puraka), retention

(Kumbhaka), and exhalation (Rechaka) durations. The most commonly cited ratio is 1:4:2 — if

inhalation is 4 counts, retention is 16, and exhalation is 8. However, this advanced ratio should

only be approached gradually. The progression taught at SKM Yoga:

1:0:2 — No retention. Inhalation 4 counts,
Exhalation 8 counts. Focus: establishing
extended exhalation; vagal activation;
parasympathetic dominance.

Stage 1 (Weeks 1-4)

Stage 2 (Weeks 5-8)

Stage 3 (Weeks 9-16)

Stage 4 (Months 4—12)

1:1:2 — Berief internal retention. Inhalation 4,
retention 4, exhalation 8. Focus: beginning breath
consolidation; CO2 tolerance.

1:2:2 — Extended retention. Inhalation 4,
retention 8, exhalation 8. Focus: deeper CO2
tolerance; early kumbhaka benefits.

1:4:2 — Classical ratio. Inhalation 4, retention 16,
exhalation 8. Focus: full classical Nadi Shodhana;
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Advanced (1+ year)

significant physiological benefits.

1:4:2 with increasing duration. Counts extend to
8:32:16 or longer. For experienced practitioners
under supervision only.

© 2025 SKM Yoga Publications

For Yoga Teacher Training Use Only



SKM YOGA | Impact of Pranayama on the Human Body | Dr. Shivam Mishra

Chapter 11: Kapalabhati and Bhastrika —
Cleansing Breathwork

11.1 Kapalabhati Pranayama

11.1.1 Name, Tradition, and Classification

Kapalabhati (Sanskrit: Kapala = skull/forehead; Bhati = shining/illuminating) — 'Skull-Shining
Breath' — is classified in the Hatha Yoga Pradipika as one of the six Shatkarmas (purification
practices) rather than a pranayama per se, though it is universally taught within pranayama
sequences. The Hatha Yoga Pradipika (2.35) states: 'Kapalabhati removes all diseases arising
from mucus (kapha disorders). Those who perform Kapalabhati regularly need have no fear of

disease.'

Modern classification: Kapalabhati is a hyperventilatory, activating practice producing transient
respiratory alkalosis during performance and a prolonged parasympathetic rebound following
cessation. It is simultaneously a respiratory, core strengthening, and digestive practice with

uniquely broad physiological effects.

11.1.2 Technique

15. Sit in a comfortable meditation posture, spine erect, hands resting comfortably.
16. Take a normal inhalation through both nostrils.

17. ACTIVE EXHALATION: Perform a sharp, forceful exhalation by suddenly contracting the
lower abdominal muscles (pulling the navel sharply toward the spine). The exhalation
should be audible and brief (approximately 0.1-0.2 seconds).

18. PASSIVE INHALATION: Immediately release the abdominal muscles completely. The
inhalation occurs passively and automatically as the diaphragm and abdominal muscles
spring back to their resting position.

19. Continue at a rate of approximately 1 pumping cycle per second (60 pumps/minute) for
beginners. Advanced practitioners may reach 120 pumps/minute.

20. Complete 30 pumps = 1 round. Rest for 1-2 minutes between rounds, observing the
breath and internal sensations.

21. Beginners: 3 rounds of 30 pumps each. Advanced: up to 10 rounds of 100+ pumps.

11.1.3 Physiological Mechanisms

Rapid abdominal compression/release Internal massage of all abdominal organs; portal
circulation stimulation; hepatic detoxification
activation

Transient hypocapnia (reduced CO2) Temporary mild cerebral vasoconstriction;

alkalotic shift; altered consciousness experience
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Post-practice CO2 rebound

Respiratory alkalosis (brief)
Diaphragm rapid oscillation
Core muscle activation
Sympathetic activation (acute)

Parasympathetic rebound (post-practice)

11.2 Bhastrika Pranayama

11.2.1 Introduction
Bhastrika (Sanskrit: Bhastra = bellows) — 'Bello

Pradipika (2.59-2.67) as one of the eight Kumbhakas and as a particularly powerful practice for

awakening kundalini energy and purifying the nadis. Unlike Kapalabhati, which involves forceful

exhalation with passive inhalation, Bhastrika e

during practice

Rapid cerebral vasodilation in post-practice
phase; increased brain oxygenation; enhanced
cognitive clarity

Bronchodilation through direct alkalosis effect on
bronchial smooth muscle

Diaphragmatic strengthening; improved
excursion; respiratory muscle endurance

Strengthens rectus abdominis, transversus
abdominis; improves posture and spinal stability

Catecholamine release; heightened alertness;
preparatory arousal state

Deep vagal activation following the stimulatory
phase; profound relaxation; enhanced digestion

ws Breath' — is described in the Hatha Yoga

mploys equal force in both phases — both

inhalation and exhalation are rapid, forceful, and roughly equal in duration.

11.2.2 Technique

22. Sit erect in a meditation posture. Relax the shoulders completely.

23. Take a deep preparatory inhalation.

24. Begin Bhastrika: inhale forcefully through both nostrils, expanding the chest completely
(unlike Kapalabhati, the chest — not just the abdomen — expands on inhalation).
Immediately exhale forcefully through both nostrils. Both phases are active and

approximately equal in force and duration.

25. Maintain a rate of approximately 1 comple
Kapalabhati.

te cycle per 1.5-2 seconds — slower than

26. Complete 10—-20 cycles = 1 round. After each round, take a single deep inhalation,

perform internal Kumbhaka (retention) for

as long as comfortable, then exhale slowly.

27. Rest and observe before the next round. Beginners: 3 rounds of 10 cycles each.

Advanced: up to 5 rounds of 20+ cycles.

11.2.3 Comparison: Kapalabhati vs. Bhastrika

© 2025 SKM Yoga Publications

For Yoga Teacher Training Use Only



SKM YOGA | Impact of Pranayama on the Human Body | Dr. Shivam Mishra

Classification
Active phase
Passive phase

Chest movement

Rate

Primary effect

Intensity

Contraindications

Shatkarma (purification practice)
Exhalation only
Inhalation (passive)

Primarily abdominal

60-120 cycles/minute

Abdominal cleansing, digestive
stimulation, mild activation

Moderate

Hypertension, epilepsy, hernia,
pregnancy, menstruation

Kumbhaka (pranayama)
Both inhalation and exhalation
Neither — both active

Full chest expansion and
contraction

30—40 cycles/minute

Whole-body activation, energy
generation, nadi purification

High — most vigorous pranayama

Same as Kapalabhati plus vertigo,
advanced COPD
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Chapter 12: Ujjayi, Bhramari, and Sheetali
Pranayama

12.1 Ujjayi Pranayama — The Victorious Breath
12.1.1 Introduction

Ujjayi (Sanskrit: Ud = upward/expanding; Jayi = victorious/conquering) — 'The Victorious Breath'
— is perhaps the most versatile and widely used pranayama in contemporary yoga. It is the
pranayama that accompanies Ashtanga Vinyasa practice, and its calming, focusing qualities

make it ideal for integration into dynamic asana sequences as well as seated pranayama practice.

Ujjayi is produced by slightly constricting the glottis (the space between the vocal folds in the
larynx) during both inhalation and exhalation, creating a characteristic soft oceanic sound — often
described as resembling the sound of ocean waves or the breath of Darth Vader. This glottal
constriction is an active muscular action of the intrinsic laryngeal muscles (primarily the transverse

arytenoid and lateral cricoarytenoid).

12.1.2 Technique
28. Begin with normal breathing. Whisper 'haaaa’' on the exhale — notice the sensation of
the glottis slightly constricting. This is the sensation you are reproducing with Ujjayi.

29. Maintaining this slight glottal constriction, breathe through the nose (both nostrils). The
breath will create a soft, continuous sound — like the sound of the ocean.

30. Apply equal constriction on both inhalation and exhalation, producing a balanced
oceanic sound in both directions.

31. Breathe slowly and deeply — Ujjayi naturally tends to slow the breath rate to 4—8
breaths per minute when practised correctly.

32. Optional: add Jalandhara Bandha (chin lock) for enhanced vagal stimulation and CO2
regulation during kumbhaka phases.

12.1.3 Scientific Mechanisms and Benefits

Cetansm gy

Increased airway resistance Greater respiratory muscle work — muscle
strengthening; improved respiratory efficiency
(similar to PEEP therapy in ICU)

Slowed breath rate (4—6 BPM) Baroreflex resonance; maximum HRV amplitude;
optimal vagal activation

Glottal vibration Vagal stimulation through mechanoreceptors in
the larynx; similar to Transcutaneous Vagal Nerve
Stimulation (tVNS)

Increased lung surface time Longer inhalation phase increases gas exchange
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efficiency; improved O2 saturation

Mild resistance training Expiratory resistance maintains PEEP (Positive
End-Expiratory Pressure) preventing small airway
collapse — beneficial in asthma and COPD

Thermoregulation Internal heat generation through increased
respiratory muscle work — warming quality noted
in both tradition and practice

Mindfulness anchor Continuous auditory feedback from breath sound
— powerful attentional anchor for present-
moment awareness during asana

12.2 Bhramari Pranayama — The Humming Bee Breath

12.2.1 Introduction and Tradition

Bhramari (Sanskrit: Bhramara = large black bee) — 'Humming Bee Breath' — is produced by
humming on the exhalation while the ears are typically blocked with the thumbs or the Shanmukhi
Mudra hand position. The practice produces an internal vibratory resonance that has profound

and scientifically documented effects on the nervous system, sinuses, and consciousness.

The Hatha Yoga Pradipika (4.67—4.68) describes Bhramari thus: 'The yogi who practises
Bhramari kumbhaka becomes a great yogin. Lord of the bees (i.e., the breath) enters the lotus of
the heart. There is indescribable bliss in the hearts of great yogins.' This description of inner sound
and bliss corresponds to what neurologically would be described as a profound theta-alpha

brainwave state and endorphin release.

12.2.2 Technique

33. Sit in a comfortable meditation posture. Close the eyes gently.

34. MUDRA (optional but recommended): Raise the hands and use the thumbs to gently
close the external auditory canals (ear cartilage). Place the index fingers lightly on the
forehead, middle fingers on the closed eyelids (very lightly), ring fingers on the nostrils
(do not close — these regulate airflow), and little fingers on the closed lips.

35. Inhale through the nose slowly and completely. Allow the inhalation to be natural and
effortless.

36. On the exhalation, create a soft, continuous humming sound — like a bee humming. The
vibration should be felt throughout the skull, face, chest, and eventually the whole body.

37. Focus the awareness on the internal vibration — particularly the sensation in the brain,
crown of the head, and space between the eyebrows.

38. Complete the exhalation fully with the humming sound. Pause briefly at the end of
exhalation before the next inhalation.

39. Practise 5-21 rounds. Advanced: add Kumbhaka (retention) before the humming
exhalation.
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Bhramari — Extraordinary Scientific Evidence

NITRIC OXIDE PRODUCTION: Humming increases nasal nitric oxide production by 700%
compared to quiet breathing (Eby, 2006; Weitzberg & Lundberg, 2002). NO is a potent
bronchodilator, vasodilator, antimicrobial agent, and immune modulator.

VAGAL ACTIVATION: The auditory stimulus of internal humming activates the vagus nerve
through the auricular branch (Arnold's nerve), producing measurable heart rate deceleration and
HRYV increase.

SINUS VENTILATION: The humming vibration dramatically enhances oscillatory air exchange in
the paranasal sinuses — 15x greater than normal breathing. This improves sinus drainage and
reduces sinusitis and rhinitis.

BRAINWAVE SYNCHRONIZATION: Bhramari produces intense theta waves (4-8 Hz) in the
prefrontal and temporal regions, associated with deep meditative states, creative insight, and
emotional integration.

ANXIETY REDUCTION: Bhramari significantly reduces anxiety scores (both State-Trait Anxiety
Inventory and GAD-7) in clinical trials — effect size comparable to anxiolytic medication in mild-
moderate anxiety.

BLOOD PRESSURE: Single session of Bhramari significantly reduces systolic and diastolic BP in
hypertensive subjects through vagal activation (Pramanik et al., 2010).

12.3 Sheetali and Sitkari — Cooling Pranayamas

Sheetali (Sanskrit: Sheet = cool) and its variant Sitkari are the classical cooling pranayamas,
inhaling through the mouth in specific configurations to cool the inhaled air. They are prescribed
in ayurvedic contexts for Pitta (fire) constitution individuals and for conditions of excess heat:

inflammation, fever, anger, and summertime practice.

Technique Sheetali: Roll the tongue into a tube (requires
genetic ability); inhale through the tubular tongue.
Sitkari: Press the tongue to the roof of the mouth;
inhale through the teeth with a sibilant sound.

Mechanism Evaporative cooling of inhaled air over tongue
mucosa; activation of thermoreceptors;
parasympathetic induction through cooling
pathway

Benefits Reduces body temperature; calms Pitta disorders;
reduces inflammation; lowers blood pressure;
reduces hunger and thirst; calms anger and
irritability

Contraindications Avoid in cold weather, sinus congestion, or Kapha
constitution. Asthmatics should use with caution
— cold air can trigger bronchospasm
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Evidence Telles et al. (2015): significant reduction in heart
rate and BP following Sheetali; Raghuraj et al.
(2004): autonomic cooling response documented
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Chapter 13: Kumbhaka — The Science of Breath
Retention

13.1 The Crown Jewel of Pranayama

Kumbhaka (Sanskrit: Kumbha = pot/vessel) — breath retention — is the practice of momentarily
ceasing the movement of breath and holding the prana stationary within the body. The Hatha
Yoga Pradipika devotes more attention to Kumbhaka than to any other pranayama technique,
describing it as 'the means of attaining liberation,' 'the destroyer of old age and death,' and 'the

fire that illuminates the entire body.'

While these traditional descriptions are couched in the metaphysical language of the era, modern
physiology reveals why retention is indeed the most powerful phase of pranayama: it is during
kumbhaka that the most significant chemical changes in blood gases occur, producing the most
profound neurological, cardiovascular, and metabolic effects. The moment of stillness between

breaths is, physiologically speaking, the moment of greatest transformation.

13.2 Types of Kumbhaka

Antara Kumbhaka (Internal Retention) Breath held after full inhalation (Puraka). Lungs at
maximum inflation. Positive intrathoracic
pressure. Vagal stretch receptor stimulation. Mild
hypercapnia develops progressively. The Yang of
retention — energizing, heating, activating.

Bahya Kumbhaka (External Retention) Breath held after complete exhalation (Rechaka).
Lungs at minimal volume. Negative intrathoracic
pressure. Powerful Uddiyana Bandha
engagement. Rapid CO2 accumulation and O2
depletion. The Yin of retention — deeply calming,
introspective, purifying. More challenging and
more powerful than Antara Kumbhaka.

Sahita Kumbhaka Retention that is deliberately performed — both
Antara and Bahya types. This is the form taught
systematically as a pranayama technique.

Kevala Kumbhaka Spontaneous, effortless breath suspension that
arises naturally in advanced meditation states.
Not cultivated through technique but a sign of
advanced pranayama mastery. Described by
Patanjali as the state beyond both inhalation and
exhalation (YS 2.51).
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13.3 Physiology of Breath Retention

13.3.1 Blood Gas Changes During Kumbhaka
During breath retention, the normal exchange of gases between blood and alveoli continues (02
absorption and CO2 delivery) while the refreshing of alveolar air with each breath ceases. The

consequences are predictable:

* Alveolar O2 progressively decreases (normal PaO2 = 100 mmHg; tolerance limit =
60—70 mmHg before hypoxic symptoms)

* Alveolar CO2 progressively increases (normal PaCO2 = 40 mmHg; tolerance limit =
50-60 mmHg before strong urge to breathe)

* Blood pH decreases (normal 7.40; kumbhaka may drop to 7.35—-7.38 — mild respiratory
acidosis)

* The urge to breathe is driven primarily by CO2 rise (not O2 fall) — hypercapnia triggers
the primary breathing drive through central chemoreceptors

+ Trained Kumbhaka practitioners develop enhanced CO2 tolerance, allowing longer
retention before the urge to breathe becomes irresistible

13.3.2 Therapeutic Consequences of Hypercapnia
Paradoxically, the mild hypercapnia (elevated COZ2) produced by breath retention is

therapeutically beneficial through several mechanisms:

40. CEREBRAL VASODILATION: CO2 is the most potent physiological dilator of cerebral
blood vessels. A 5 mmHg increase in PaCO2 produces approximately 50% increase in
cerebral blood flow (Panerai et al., 1999). This is the mechanism behind the mental
clarity and heightened awareness reported after Kumbhaka — the brain is literally being
bathed in increased oxygenated blood.

41. BOHR EFFECT OPTIMIZATION: Slightly elevated CO2 shifts the oxygen-haemoglobin
dissociation curve rightward (Bohr effect), making oxygen more easily released from
haemoglobin to the tissues. Counterintuitively, brief breath retention can actually
improve peripheral tissue oxygenation.

42. CORONARY VASODILATION: CO2 dilates coronary arteries through the same
mechanism as cerebral vessels, improving myocardial oxygen delivery — a potential
therapeutic mechanism for stable coronary artery disease.

43. HYPERCAPNIC PRECONDITIONING: Regular mild hypercapnia may condition the
brain against ischaemic damage — the same principle underlying hypoxic
preconditioning used in altitude training.

13.4 The Bandha-Kumbhaka Integration

The full power of Kumbhaka is accessed through integration with the Maha Bandha (Great Lock)

— the simultaneous engagement of all three bandhas during internal retention:
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44. Immediately after full inhalation, engage Mula Bandha (perineal lock) — lift and contract
the pelvic floor.

45. Engage Uddiyana Bandha partially (subtle lifting of the abdominal region toward the
spine and upward) — full Uddiyana is possible only during external retention.

46. Engage Jalandhara Bandha (chin lock) — flex the neck, press the chin toward the
suprasternal notch. Close both nostrils.

47. Hold all three bandhas simultaneously while retaining the breath. Maintain awareness in
the crown of the head and the space of pure awareness within.

48. Release Jalandhara first, then the other bandhas, then exhale slowly and completely.

The Maha Bandha creates a pressurized container within the body — floor (Mula Bandha), walls
(Uddiyana), and ceiling (Jalandhara) — within which prana is concentrated and directed upward
through the Sushumna nadi. Physiologically, this creates a state of simultaneous increased intra-
abdominal pressure (Mula and Uddiyana) and decreased intracranial pressure (controlled by
Jalandhara via carotid compression), producing a unique neurological state not achievable by

any other means.
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Chapter 14: Advanced and Therapeutic Pranayama

Protocols

14.1 Surya Bheda and Chandra Bheda

Surya Bheda (Sun-Piercing Breath)

Technique: Inhale through the right nostril only (left closed); retain with bandhas; exhale through

the left nostril. Exclusively right-nostril inhalation.

Sympathetic activation

Increased metabolic rate

Kapha-reducing

Anti-parasitic (traditional)

Warming

Chandra Bheda (Moon-Piercing Breath)

Right nostril dominance activates left brain
hemisphere and sympathetic tone (Werntz et al.,
1983)

Traditional: increases Agni (digestive fire);
Modern: mild thermogenic effect through
sympathetic activation

Ayurvedic indication for lethargy, depression, cold
constitution, sluggish digestion

Traditional claim: destroys intestinal parasites —
may relate to immune activation via sympathetic
stimulation

Increases body temperature; beneficial in cold,
damp conditions

Technique: Inhale through the left nostril only (right closed); retain; exhale through the right nostril.

The mirror image of Surya Bheda.

Parasympathetic activation

Cooling

Calming, sedating

Right hemisphere activation

Left nostril activates right hemisphere and
parasympathetic tone

Reduces excess Pitta; anti-inflammatory; reduces
fever and heat

Anxiety, hypertension, insomnia, anger, and
agitation

Creative, intuitive, holistic cognitive functions
enhanced

14.2 Moorchha Pranayama — Swooning Breath
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Moorchha (Sanskrit: Swoon/Faint) is an advanced practice involving prolonged internal
Kumbhaka with Jalandhara Bandha until a state approaching unconsciousness is experienced
— a pleasant, luminous swooning state that the Hatha Yoga Pradipika describes as producing 'a
mind-blissful state and liberation from all sorrows.' Modern understanding suggests this state
results from CO2 accumulation producing mild altered consciousness similar to early stages of
CO2 narcosis, combined with intense vagal activation creating a profoundly blissful

parasympathetic state.

This practice requires extensive preparation (minimum 1-2 years of regular pranayama) and
should only be attempted under direct supervision of an experienced teacher. It is described here

for informational purposes for advanced yoga teachers.

14.3 Plavini Pranayama — Floating Breath

Plavini involves swallowing air into the stomach and then releasing it — described in the Hatha
Yoga Pradipika as allowing the practitioner to 'float on water' indefinitely. Modern interpretation:
swallowing air (aerophagia) combined with abdominal expansion creates positive buoyancy and
can indeed allow effortless flotation. More clinically relevant, the practice massages the digestive

tract from within and stimulates gastric peristalsis — useful in conditions of digestive stagnation.

14.4 Integrated Therapeutic Pranayama Protocols

Protocol 1: Cardiovascular Health (30-minute morning programme)

49. Preparation: 5 minutes Yoga Nidra / body scan in Shavasana

50. Kapalabhati: 3 rounds x 50 pumps with 1-minute rest between rounds

51. Nadi Shodhana (ratio 1:2:2): 10 cycles, counting carefully

52. Bhramari: 7 rounds, with Shanmukhi Mudra

53. Ujjayi (6 breaths/minute for 10 minutes): coherent breathing for baroreflex resonance
54. Antara Kumbhaka (ratio 1:4:2): 5-10 cycles

55. Closing: 5 minutes silent breath awareness meditation

Protocol 2: Anxiety and Stress Management (20-minute evening programme)
56. Extended Exhalation Breathing (1:3 ratio): 5 minutes — inhale 4 counts, exhale 12
counts

57. Nadi Shodhana (without retention): 10 cycles — emphasis on extended left-nostril
exhalation

58. Bhramari: 11 rounds
59. Chandra Bheda (left nostril only): 5 minutes
60. Yoga Nidra preceded by Nadi Shodhana: 20 minutes
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Protocol 3: Mental Performance and Focus (morning or pre-study)
61. Kapalabhati: 3 rounds x 30 pumps (alerting stimulus)
62. Bhastrika: 3 rounds x 10 pumps
63. Post-Bhastrika Antara Kumbhaka: extended internal retention with Maha Bandha
64. Nadi Shodhana (1:2:2 ratio): 10 cycles — bilateral hemispheric coherence
65. Trataka (steady gazing) combined with Ujjayi breathing: 5 minutes
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PART IV
CLINICAL AND APPLIED SCIENCE
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Chapter 15: Pranayama as Medicine — Evidence-
Based Applications

15.1 The Evidence Landscape

Pranayama is one of the most extensively studied complementary health interventions, with over

1,200 peer-reviewed publications in PubMed as of 2024. The quality and quantity of this evidence

base has transformed pranayama from a traditional practice accepted on faith into a therapeutic

intervention evaluated by the same evidence standards applied to pharmacological treatments.

This chapter reviews the strongest clinical evidence across the major therapeutic domains.

15.2 Evidence Matrix: Pranayama Across Clinical Conditions

Evidence Level | Key Finding Primary Techniques

Hypertension

Asthma

Type 2 Diabetes

Depression

Anxiety Disorders

COPD

Insomnia

PTSD

Cancer (adjunctive)

Cardiac Rehabilitation

Hypothyroidism

PCOS

15.3 Sudarshan Kriya Yoga (SKY) — A Special Case

Grade A
(Multiple RCTs)

Grade A
(Multiple RCTs)

Grade B
(Multiple trials)

Grade B (RCTs)

Grade A
(Multiple RCTs)

Grade B
(Multiple trials)

Grade B (RCTs)

Grade B (trials)

Grade B
(multiple trials)

Grade B (trials)

Grade C
(preliminary)

Grade B (RCT)

Mean SBP reduction 4—-8 mmHg;
comparable to mono-drug therapy

Improved FEV1, PEFR, symptom
scores; reduced bronchodilator use

Reduced FBG, HbA1c; improved
insulin sensitivity

BDNF increase; significant
improvement in BDI scores

Significant reductions in STAI,
GAD-7, cortisol, amygdala activity

Improved 6MWT, dyspnoea
scores, QoL; reduced
exacerbations

Reduced sleep onset latency;
improved PSQI scores

Reduced PCL-5 scores; HRV
improvement; amygdala
modulation

Reduced fatigue, anxiety; improved
QoL; NK cell enhancement

Improved cardiac function, exercise
tolerance, HRV

Improved T3, T4, TSH; reduced
symptoms

Improved hormonal profile;
restored menstrual regularity

Slow pranayama, Nadi
Shodhana, Bhramari

Nadi Shodhana, Ujjayi,
nasal breathing

Kapalabhati, Nadi Shodhana
combined programme

Bhastrika, coherent
breathing, Nadi Shodhana

Bhramari, Nadi Shodhana,
slow pranayama

Pursed-lip breathing, Ujjayi,
diaphragmatic breathing

Bhramari, Nadi Shodhana,
Yoga Nidra

Sudarshan Kriya, slow
pranayama, coherent
breathing

Nadi Shodhana, Bhramari,
coherent breathing

Nadi Shodhana, Ujjayi, slow
coherent breathing

Ujjayi, Nadi Shodhana,
Jalandhara Bandha

Combined yoga-pranayama
programme
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Sudarshan Kriya Yoga, developed by Sri Sri Ravi Shankar, is a specific rhythmic breathing
practice involving cyclically alternating slow, medium, and rapid rates of breathing. It deserves
mention in any comprehensive treatment of pranayama science because it is among the most
extensively researched breathing practices, with over 70 peer-reviewed publications documenting

its effects.

Brown and Gerbarg (2005) provide the most comprehensive review of SKY's neurophysiological
mechanisms, identifying key effects including: normalization of stress hormone levels,
enhancement of brain GABA (documented by Streeter et al., 2010), significant reduction in PTSD
symptoms in combat veterans and tsunami survivors, and improvements in depression, anxiety,

and cognitive performance across multiple RCTs.

15.4 Buteyko Breathing Method — Scientific Connections

The Buteyko Breathing Method, developed by Russian physician Konstantin Buteyko
(1923-2003), is a system of breathing retraining that shares several principles with traditional
pranayama — particularly the emphasis on nasal breathing, reduced breathing volume, and CO2
tolerance. Buteyko's central thesis — that many modern diseases result from chronic
hyperventilation and excessive CO2 loss — provides an interesting physiological framework for

understanding some of pranayama's therapeutic effects.

Randomized controlled trials of Buteyko breathing in asthma (McHugh et al., 2003; Cooper et al.,
2003) demonstrate significant reductions in bronchodilator use, improved asthma control scores,
and reduced hyperventilation — findings that complement and extend the yoga pranayama

asthma research literature.
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Chapter 16: Pranayama, Mental Health, and Stress
Science

16.1 The Mental Health Crisis and Breathing Solutions

Mental health disorders represent the largest burden of disability globally, with depression and
anxiety disorders affecting over 970 million people (WHO, 2022). Conventional pharmacological
treatments—antidepressants, anxiolytics, antipsychotics—provide meaningful benefit to many
patients but are associated with significant side effects, high relapse rates upon discontinuation,
and large proportions of non-responders. This reality has intensified interest in non-
pharmacological interventions, particularly those with neurobiological plausibility and an emerging

evidence base.

Pranayama meets this need with remarkable precision. Its mechanisms of action—vagal
activation, HPA axis downregulation, GABA enhancement, amygdala modulation, prefrontal
cortex reactivation, and BDNF upregulation—address the precise neurobiological deficits
underlying depression and anxiety. It is available at zero cost, has minimal side effects when
properly taught, can be self-administered, and has a tradition of safe practice spanning thousands

of years.

16.2 Depression

Major Depressive Disorder (MDD) involves reduced monoamine neurotransmitter function
(serotonin, dopamine, noradrenaline), HPA axis hyperactivation, hippocampal atrophy, reduced
BDNF, and impaired prefrontal-amygdala regulation. Pranayama addresses several of these

mechanisms simultaneously:

« SEROTONIN: Increased vagal tone is associated with enhanced serotonergic function
through the raphe nuclei. Multiple studies document reduced depression scores with
pranayama practices (Janakiramaiah et al., 2000; Streeter et al., 2012)

»  BDNF: 12-week pranayama training increases serum BDNF levels — BDNF drives the
hippocampal neurogenesis that is impaired in depression and is the primary target of
antidepressant pharmacotherapy (Sharma et al., 2015)

*+ CORTISOL NORMALIZATION: Pranayama reduces the chronic hypercortisolaemia of
HPA hyperactivation that causes hippocampal damage and contributes to depressive
neurobiological changes

+ PREFRONTAL ACTIVATION: Pranayama increases prefrontal blood flow and function,
counteracting the prefrontal suppression that characterizes depression and is associated
with loss of motivation and cognitive impairment
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16.3 Post-Traumatic Stress Disorder (PTSD)

PTSD is characterized by a highly sensitized stress response, intrusive memories, hypervigilance,
and avoidance — reflecting persistent limbic hyperactivation (particularly the amygdala) with
impaired prefrontal regulation. Conventional treatments (Prolonged Exposure, EMDR, SSRIs)

are effective but not universally accessible or tolerated.

Pranayama — particularly Sudarshan Kriya Yoga and slow coherent breathing — has
demonstrated remarkable efficacy in PTSD across several RCTs. Van der Kolk's foundational
insight — that trauma is 'stored in the body' and requires somatic as well as cognitive interventions
— provides the theoretical framework for understanding why breath-based practices reach trauma

at a level that purely cognitive therapies cannot (Van der Kolk, 2014).

Pranayama and PTSD — Key Research

SEPPALA et al. (2014) — RCT with US combat veterans; Sudarshan Kriya Yoga vs. control;
significant reductions in PTSD symptom scores (PCL-M); large effect sizes maintained at 1-year
follow-up.

DESCILO et al. (2010) — Tsunami survivors in South Asia; yoga and pranayama intervention;
significant improvements in PTSD symptoms, depression, and anxiety compared to wait-list
control.

MECHANISM: Slow pranayama reduces amygdala reactivity through direct vagal afferent
pathways; stimulates the prefrontal cortex, restoring top-down emotional regulation; reduces
noradrenaline (hypervigilance mediator) through sympathetic downregulation; increases GABA
(reducing hyperarousal).

16.4 Pranayama and Addiction

Substance use disorders involve a common neurobiological substrate: dysregulation of the
mesolimbic dopamine reward system, combined with impaired prefrontal inhibitory control,
leading to compulsive drug-seeking despite adverse consequences. Pranayama addresses both

components:

* Prefrontal strengthening improves impulse control and executive regulation of addictive
behaviour

* GABA enhancement reduces the anxiety and dysphoria that drive substance use as self-
medication

* HPA axis normalization reduces stress-triggered cravings (stress is the primary trigger
for relapse in most substance addictions)

* Brown & Gerbarg (2012) report successful clinical integration of Sudarshan Kriya with
addiction treatment programmes, with improved treatment retention and reduced craving
scores
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Chapter 17: Teaching Pranayama Safely —
Precautions and Contraindications

17.1 The Importance of Safety in Pranayama Teaching

Pranayama is profoundly powerful — and power, improperly applied, can cause harm. The history
of yoga includes accounts of practitioners experiencing serious adverse effects from incorrect or
premature pranayama practice, including headaches, dizziness, hypertensive crises, panic
attacks, hyperventilation syndromes, and in rare cases, cardiovascular events. These risks are
real but entirely preventable through competent teaching, thorough pre-screening, careful

instruction, and ongoing supervision.

The yoga teacher's primary ethical obligation is non-maleficence — first, do no harm. This
obligation requires not merely enthusiasm and good intentions but genuine technical knowledge:
understanding who should and should not practise specific techniques, recognizing warning signs

of adverse reactions, and knowing how to respond appropriately when difficulties arise.

17.2 Contraindications: Absolute and Relative

17.2.1 Absolute Contraindications — Do Not Teach These Practices to These
Individuals

All Kumbhaka (retention)

All Kumbhaka

All Kumbhaka

Kapalabhati / Bhastrika

Kapalabhati / Bhastrika

Kapalabhati / Bhastrika

Kapalabhati / Bhastrika

Uncontrolled hypertension
(BP >160/100)

Cardiac arrhythmias (AF, SVT,
complete heart block)

Recent myocardial infarction or
stroke (<3 months)

Epilepsy

Pregnancy (all trimesters)

Active abdominal hernia

Recent abdominal surgery (<8
weeks)

Breath retention markedly
increases intrathoracic pressure
and can precipitate hypertensive
crisis

Vagal overactivation can trigger
arrhythmias in susceptible
individuals

Cardiovascular instability;
increased risk of
thromboembolism

Hyperventilation can trigger
seizures in epileptic individuals

Abdominal compression and
pressure changes are
contraindicated in pregnancy

Increased intra-abdominal
pressure can worsen or
incarcerate hernia

Wound integrity compromised by
abdominal pressure changes
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Bhastrika
predicted)

All vigorous pranayama
inflammation

17.2.2 Relative Contraindications — Modi

Situation

Mild to moderate hypertension (BP
130-160/90-100)

Anxiety disorders (especially panic disorder)

Menstruation

Glaucoma

Nasal congestion or sinusitis (acute)

Recent major surgery (>8 weeks)

Schizophrenia or active psychosis

Severe COPD (FEV1 <40%

Acute fever, infection,

Hyperinflation risk; may precipitate
dynamic hyperinflation

Increased metabolic demand;
hyperthermia risk

fy With Caution

Modification Approach

Slow pranayama only; no vigorous practices; no
retention initially; monitor BP

Introduce very gradually; avoid Kapalabhati
initially; prioritize extended exhalation; Bhramari is
usually safe and helpful

Traditional: avoid vigorous pranayama and
Kumbhaka during menstruation; gentle Nadi
Shodhana and Bhramari are generally
appropriate

Avoid Jalandhara Bandha and prolonged
Kumbhaka — intracranial pressure increases may
affect intraocular pressure

Avoid unilateral nasal pranayama; use oral-nasal
adaptations temporarily

Begin with very gentle practices; increase
gradually with physician clearance

All intensive pranayama with caution; may
intensify dissociative or psychotic experiences;
requires psychiatric co-management

17.3 Warning Signs During Practice

Teach all students to stop pranayama immediately and inform the teacher if they experience:

Significant dizziness or vertigo — suggests hypocapnia (excessive CO2 loss) from

hyperventilation or orthostatic hypotension

Tingling or numbness in fingers, toes, or
hypocalcaemia
hypertensive response

pressure changes
Nausea or vomiting during intense practi

intensity; support with grounding

lips — classic signs of hyperventilation-induced

Chest pain or palpitations — requires immediate cessation and medical evaluation
Severe headache during or after practice — possible intracranial pressure elevation or

Visual disturbances, tunnel vision, or visual 'sparks' — cerebrovascular or ocular

ce — vagal overstimulation or hypoglycaemia

Sudden intense emotional release (crying, shaking, fear) — energy release; reduce
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* Loss of consciousness or fainting — emergency; position supine; check vital signs; seek

medical attention

17.4 The Progressive Approach: SKM Yoga Curriculum Ladder

Phase 1: Awareness (Weeks 1-2)

Phase 2: Diaphragmatic Breathing (Weeks 3—4)

Phase 3: Extended Exhalation (Weeks 5-6)

Phase 4: Basic Pranayama (Weeks 7—-10)

Phase 5: Kapalabhati (Week 11+)

Phase 6: Nadi Shodhana with retention (Month
&)

Phase 7: Bhastrika (Month 6+)

Phase 8: Advanced Kumbhaka (Year 1+)

Natural breath observation only. No control, no
counting. Goal: sensitization to the breath,
developing awareness of habitual patterns.

Establishing correct diaphragmatic breathing
mechanics. Hand on belly, hand on chest.
Establish belly-first breathing. Correct thoracic
breathing patterns.

Gradually extend exhalation to twice inhalation.
Maximum vagal benefit with minimum risk. 1:2
ratio for 10—15 minutes daily.

Introduce Nadi Shodhana (without retention),
Bhramari, Ujjayi, and Sheetali. All without
kumbhaka.

Introduce gently — 30 pumps % 3 rounds
maximum initially. Screen for contraindications.
Build gradually over months.

Begin 1:1:2 ratio. Progress to 1:2:2 by month 6.
Classical 1:4:2 ratio by year 1 of regular practice.

Only for experienced practitioners without
contraindications. Begin with 10 cycles x 3
rounds. Highly supervised initially.

Full retention practices with bandha integration.
Individual guidance essential. Medical clearance
advised for special populations.
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Chapter 18: Designing Pranayama Curricula for
Yoga Teacher Training

18.1 Pedagogical Principles

Effective pranayama teaching requires more than technical knowledge of the techniques
themselves — it requires an understanding of how learning happens, how knowledge is
transmitted, and how the experience of the breath is cultivated in a classroom of diverse

individuals with varied constitutions, histories, and capacities.

At SKM Yoga, our pedagogical approach to pranayama teaching is built upon four principles: first,
that experiential understanding must precede intellectual understanding — students should feel
before they theorize; second, that safety is non-negotiable at every level of the curriculum; third,
that individual constitution (Ayurvedic and modern) should guide the prescription of specific
practices; and fourth, that the teacher's own pranayama practice is the most important

qualification — technical knowledge without experiential depth produces hollow teaching.

18.2 The SKM Yoga Pranayama Curriculum Structure

Target Population Core Content

Foundational (General Public) Complete beginners; no yoga Anatomy of breathing;
experience required diaphragmatic breathing; 1:2
exhalation extension; Nadi
Shodhana (no retention);
Bhramari; Ujjayi basics; safety

awareness
Intermediate (Yoga Students) Regular yoga practitioners (6+ All foundational content +
months) Kapalabhati (introductory); Nadi

Shodhana 1:2:2; Bhastrika (basic);
Introduction to Kumbhaka; Prana
Vayu theory

Yoga Teacher Training (200hr) Aspiring yoga teachers Complete scientific foundation
(Chapters 1-9 of this text); all
major techniques; therapeutic
applications; contraindications;
curriculum design; scientific
literature review

Advanced Teacher Training Experienced yoga teachers Advanced techniques (Moorchha,

(300hr) Plavini, Kevala); Ayurvedic
constitution-specific prescriptions;
clinical applications; research
methodology; supervision skills

Therapeutic Specialist Yoga therapists in clinical settings  Condition-specific protocols;
collaboration with healthcare
professionals; case study
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methodology; evidence-based
practice; outcome measurement

18.3 Sample Daily Pranayama Schedule for YTT Students

5:30 AM — Morning Practice (60 min) 15 min: Asana (warming and opening); 10 min:
Kapalabhati (3 rounds); 15 min: Nadi Shodhana
(with appropriate ratio for stage); 10 min:
Bhramari (7—11 rounds); 10 min: Silent breath
meditation

9:00 AM — Theory Session (90 min) Lecture on physiological mechanisms with case
studies and research review; experiential
exercises to illustrate theoretical concepts; Q&A
and discussion

4:00 PM — Afternoon Practice (45 min) 15 min: Restorative asana preparation; 20 min:
Ujjayi with extended exhalation or Nadi Shodhana
(calming evening variant); 10 min: Yoga Nidra
with Sankalpa

Self-Practice: Daily (minimum 20 min) Individual practice from techniques taught that
week; journaling of observations; weekly self-
assessment of progress

Weekly: Clinical Application (2 hrs) Partner practice and therapeutic application; case
presentation and discussion; supervised teaching
of pranayama to peers

18.4 Assessment and Competency Standards

SKM Yoga assesses pranayama competency through multiple modalities:

+  WRITTEN: Scientific essay examination on physiological mechanisms, evidence base,
contraindications (minimum 70% pass mark)

* PRACTICAL: Demonstration of correct technique for all major pranayama practices,
assessed by senior faculty

» TEACHING: Supervised teaching of a 20-minute pranayama session to peers, with
feedback and assessment

* CLINICAL: Case study analysis and design of appropriate pranayama protocol for
presented clinical scenarios

+ SELF-PRACTICE LOG: 21-day documented personal pranayama practice maintained
throughout YTT

The Teacher's Personal Practice: A Non-Negotiable

At SKM Yoga, we hold one standard above all others in assessing pranayama teacher
competency: the quality, depth, and consistency of the teacher's own personal practice.
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Technical knowledge of pranayama — however scientifically sophisticated and however clearly
communicated — is no substitute for the experiential authority of the teacher who has personally
navigated the challenges, transformations, and revelations of long-term pranayama practice.

A yoga teacher who teaches pranayama without practising it is like a swimming instructor who
cannot swim: technically informed but experientially hollow. Students feel the difference
immediately, even if they cannot articulate it.

The minimum personal practice standard for SKM Yoga YTT graduates: 30 minutes of daily
pranayama maintained consistently, to be continued and deepened throughout the teaching
career.
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Appendices

Appendix A: Pranayama Quick-Reference Card for Yoga Teachers

Primary Effect Duration (beginner) Contraindications

Nadi Shodhana

Kapalabhati

Bhramari

Ujjayi

Bhastrika

Sheetali

Surya Bheda

Chandra Bheda

Kumbhaka (Internal)

Moorchha

Balance, calm, clarity

Cleanse, energize, focus

Calm anxiety, sleep, NO
production

Focus, warm, calm-alert
Energize, purify, stimulate
Cool, calm, anti-
inflammatory

Warm, activate, stimulate
Cool, calm, creative
Deepen prana, cerebral

vasodilation

Altered states, deep calm

10 cycles daily None for basic version

3 x 30 pumps Pregnancy, epilepsy,
hernia, hypertension
7—-11 rounds Very few; use caution in

severe depression

10—20 minutes None significant for basic

version

3 x 10 cycles Same as Kapalabhati +
severe COPD

5-10 rounds Cold conditions, asthma,
Kapha excess

10 cycles Pitta excess, hypertension,
fever

10 cycles Kapha excess, depression,
cold conditions

5-10 cycles Uncontrolled hypertension,

cardiac disease

Advanced only Only under expert

supervision

Appendix B: Glossary of Key Sanskrit Terms

Pranayama

Puraka
Rechaka
Kumbhaka

Prana Vayu

Apana Vayu

Nadi

Sushumna

Control and expansion of prana through regulated
breathing; 4th limb of Ashtanga Yoga

Inhalation phase of pranayama
Exhalation phase of pranayama

Breath retention; internal (antara) or external
(bahya)

The inward-moving vital force governing
respiration and cardiac function

The downward-moving vital force governing
elimination and exhalation

Subtle energy channel through which prana flows;
72,000 in number

Central nadi ascending through the spinal
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column; pathway of kundalini

Ida Left nadi; lunar; cooling; parasympathetic; right
brain hemisphere

Pingala Right nadi; solar; heating; sympathetic; left brain
hemisphere

Bandha Energetic lock; muscular contraction directing
pranic movement

Mula Bandha Root lock; perineal contraction; activates Apana
Vayu

Uddiyana Bandha Abdominal lock; upward flight of Apana toward
Prana

Jalandhara Bandha Throat/chin lock; regulates prana in the throat

region; carotid sinus stimulation

Kosha Sheath or layer of the human being; five koshas
from physical to bliss body

Pranamaya Kosha The energy body or pranic sheath; the subtle
body regulated by pranayama

Appendix C: Recommended Reading and Resources

Classical Texts (Recommended Translations):

* Hatha Yoga Pradipika — Swami Muktibodhananda's translation (Bihar School of Yoga,
1985)

* Light on Pranayama — B.K.S. lyengar (George Allen & Unwin, 1981)
* Pranayama Tantra — Swami Satyananda Saraswati (Bihar School of Yoga, 1984)
* The Yoga Sutras of Patanjali — Georg Feuerstein translation and commentary

Scientific Reading:
* Energy Medicine: The Scientific Basis — James Oschman (Churchill Livingstone, 2000)
* The Healing Power of the Breath — Brown & Gerbarg (Shambhala, 2012)
* The Body Keeps the Score — Bessel van der Kolk (Viking, 2014)
» Science of the Heart (Volume 2) — HeartMath Institute (2015)
* Breath: The New Science of a Lost Art — James Nestor (Riverhead Books, 2020)

Research Databases:
*  PubMed Central (pubmed.ncbi.nim.nih.gov) — primary scientific literature
* Cochrane Library — systematic reviews of pranayama clinical trials
* The International Journal of Yoga — primary peer-reviewed yoga research journal
* Global Advances in Health and Medicine — integrative medicine research
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~ Om Tat Sat ~
"That is Truth."— Bhagavad Gita

Breathe deeply. Breathe consciously. Breathe with gratitude.
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