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A TECHNICAL TREATISE

The Breath as Instrument:
Major Techniques in Conscious Breathwork

Context - Protocol - Mechanism - Evidence

IMPORTANT: READ BEFORE USE

This document is for educational purposes only. Consult a qualified healthcare provider
before beginning any breath training programme, particularly if you have a pre-existing
medical condition.

Introduction

Breath is among the few physiological processes that operate simultaneously under autonomic and
voluntary control. This dual governance makes breathing a uniquely accessible lever for modulating
the autonomic nervous system — specifically the interplay between sympathetic arousal and
parasympathetic recovery — without pharmacological intervention.

Across millennia, diverse contemplative traditions from Indian yogic practice to Chinese Taoism to
Buddhist vipassana meditation have exploited this property, encoding breathwork into ritual and
medicine alike. The twentieth and twenty-first centuries have brought growing scientific scrutiny to
these practices. Through measures such as heart rate variability (HRV), baroreflex sensitivity,
salivary cortisol, EEG oscillations, and validated psychological instruments, researchers have
begun to map the physiological correlates of ancient techniques.

The picture that emerges is nuanced: different patterns of respiration — varying in rate, phase ratio,
nasal versus oral airflow, and the inclusion or exclusion of breath-holds — produce meaningfully
distinct neurobiological and psychological effects. This treatise surveys seven major techniques,
providing historical context, a standardised protocol, proposed physiological mechanism, and
evidence-based effects with peer-reviewed references.

General Health Precautions

Breathwork can be a powerful and safe practice when approached thoughtfully. The precautions
below apply broadly across all techniques. Technique-specific contraindications are noted within
each section.

WHO SHOULD CONSULT A DOCTOR FIRST

Consult a qualified physician or respiratory therapist before beginning any structured breathwork
programme if you have any of the following:
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+ Cardiovascular disease (coronary artery disease, arrhythmia, heart failure, recent cardiac
event)

* Uncontrolled hypertension or hypotension

»  Chronic obstructive pulmonary disease (COPD), asthma, or other chronic respiratory
conditions

+ Epilepsy or a history of seizures

» History of stroke or transient ischaemic attacks (TIAs)

+ Severe anxiety disorders, panic disorder, or PTSD (certain techniques can exacerbate
symptoms)

* Pregnancy or postpartum period — especially techniques with breath retention or forceful
exhalation

* Recent surgery, particularly abdominal, thoracic, or eye surgery

* Glaucoma or raised intraocular pressure

* Hernia (abdominal, hiatal, or inguinal)

* Psychiatric conditions including bipolar disorder or schizophrenia

* Any condition causing dizziness, vertigo, or impaired balance

* Active respiratory tract infection

UNIVERSAL SAFETY RULES

* Never practise breathwork — especially techniques involving breath-holds or
hyperventilation — while driving, operating machinery, in water, or anywhere that loss of
consciousness would be dangerous.

+ Stop immediately and rest if you experience chest pain, severe shortness of breath, irregular
heartbeat, persistent numbness or tingling, visual disturbance, or loss of balance.

* Begin all new techniques at low intensity (fewer repetitions, shorter holds, slower rate) and
increase gradually over days or weeks.

* Learn new techniques in a supervised setting whenever possible, particularly for the first few
sessions.

e Children under 16 and adults over 70 should receive individual clinical assessment before
beginning non-standard techniques.

+ Do not substitute breathwork for prescribed medications or emergency medical care.

NORMAL VS. CONCERNING SENSATIONS

Many breathwork techniques produce transient sensations that are physiologically normal and
expected:

Normal sensations: Mild lightheadedness; tingling in the lips or fingertips (from CO,
changes); warmth; yawning; a sense of calm or mild drowsiness; brief emotional release.

Seek medical attention if you experience: Chest pain; significant ongoing difficulty
breathing; sustained irregular heartbeat; loss of consciousness; prolonged confusion;
severe panic that does not resolve; one-sided weakness or facial drooping.

MEDICATION INTERACTIONS

+ Beta-blockers and antihypertensives may blunt the autonomic response to slow breathing,
altering expected effects.
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* Anxiolytic medications (e.g., benzodiazepines) may amplify relaxation effects unpredictably.

* Anticoagulants warrant caution with forceful exhalation techniques that raise intrathoracic
pressure.

* Inform your prescribing clinician if you plan to use breathwork as part of a hypertension or
anxiety management plan — medication adjustments may become appropriate over time.

el 4-7-8 Breathing
Relaxing Breath + Pranayamic Ratio Breathing

CONTEXT

Popularised in the West by integrative physician Andrew Weil, M.D., the 4-7-8 method draws on the
pranayama tradition of kumbhaka (breath retention) and the extended exhalation ratios found in
classical Hatha yoga. The prescription — inhale 4 counts, hold 7, exhale 8 — creates a cycle of ~19
seconds (roughly 3 breaths/minute). A 2025 PRISMA-ScR scoping review synthesised 15 studies
(2013-2024), finding consistent benefits across diverse populations.

PROPOSED MECHANISM

The extended retention phase elevates CO, transiently. Combined with the prolonged 8-count
exhalation, this substantially increases parasympathetic outflow via the vagus nerve through
pulmonary stretch receptors and baroreceptor entrainment. The 2:1 exhalation-to-inhalation ratio
amplifies respiratory sinus arrhythmia (RSA) — the heart rate deceleration that occurs with each
exhale — over every cycle.

PROTOCOL
INHALE 4s HOLD 7s EXHALE 8s
1. Place the tongue tip against the ridge behind the upper front teeth. Sit upright and relaxed.
2. Exhale completely through the mouth with an audible whoosh, fully emptying the lungs.
3. Close the mouth. Inhale quietly through the nose for a count of 4.
4. Hold the breath for a count of 7, keeping the body relaxed.
5. Exhale completely through the mouth for a count of 8, producing an audible sound.
6. This is one cycle. Perform 4 cycles initially, building to 8 over time. Practise twice daily.

Note: The absolute time per count is flexible for beginners; what matters is the 4:7:8 ratio.

REPORTED EFFECTS
* Reduced state anxiety in post-surgical populations
+ Decreased heart rate and systolic blood pressure
* Increased HF-HRV (high-frequency heart rate variability — a parasympathetic marker)
* Improved autonomic regulation and emotional stability
* Reduced anxiety and depression scores in moderate COPD patients
» Early evidence for improved sleep onset latency

PRECAUTIONS
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Use with caution or avoid in: Severe COPD or asthma where breath-holding is
distressing; active hyperventilation disorder; first trimester of pregnancy. Perform seated on
the floor initially if prone to dizziness.

KEY REFERENCES

Srivastava S, et al. (2025). Exploring 4-7-8 Breathing for Stress Relief. Proc ICISTECH. PRISMA-ScR; 15
studies 2013-2024.

Gokcen BB & Sanlier N. (2022). 4-7-8 Breathing After Bariatric Surgery. Obesity Surgery. RCT; n=90.

Pandekar PP & Thangavelu K. (2022). 4-7-8 Breathing in COPD. J Med Science & Clinical Research.

Alyami M, et al. (2025). 4-7-8 Breathing on Tinnitus and Sleep. Laryngoscope Investigative Otolaryngology.
PMC12895279.

Box Breathing

Tactical Breathing -+ Square Breathing - 4-4-4-4

CONTEXT

Box breathing prescribes equal durations for four breath phases — inhalation, post-inhalation hold,
exhalation, and post-exhalation hold, each 4 seconds (~3.75 bpm). Formalised in training
programmes for the U.S. Navy SEALs, law enforcement, and emergency medical personnel, its
symmetrical structure is cognitively simple under high-stress conditions. A 2025 PLOS ONE
crossover RCT (n=40 athletes) found it accelerated post-HIIT cardiovascular recovery versus
spontaneous breathing.

PROPOSED MECHANISM

The dual breath-hold phases create mild CO, accumulation (post-inhalation) and transient hypoxia
(post-exhalation), providing hormetic stress that may recalibrate the chemoreflex threshold. The
slow overall rate (~3.75 bpm) maximises resonance with Mayer waves (~0.1 Hz) and baroreflex
sensitivity, driving coherent HRV — the physiological signature of optimal autonomic balance.

PROTOCOL

INHALE 4s HOLD 4s EXHALE 4s HOLD 4s

Sit upright or stand in a stable position. Relax the shoulders and jaw.

Exhale fully to begin from a neutral baseline.

Inhale slowly and deeply through the nose for 4 counts.

Hold at the top of the breath for 4 counts, maintaining stiliness.

Exhale smoothly through the nose or mouth for 4 counts.

Hold at the bottom of the breath — lungs empty — for 4 counts.

7. Repeat for 4—6 minutes (~15—-22 cycles). Practise pre-stress or mid-recovery.

ok wn=

REPORTED EFFECTS
» Decreased heart rate and perceived exertion post-exercise
* Improved HRV and baroreflex sensitivity
* Reduced salivary alpha-amylase (stress biomarker) in tactical personnel
* Improved first-shot marksmanship accuracy under simulated threat
* Reduced daily stress in physician populations (digital N-of-1 trial)
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* Enhanced cognitive focus and emotional regulation under cognitive load

PRECAUTIONS

Use with caution in: Severe respiratory disease limiting breath-hold capacity; high-anxiety
individuals who may find the post-exhalation hold distressing; pregnancy (modify by
removing the bottom hold).

KEY REFERENCES

Kahraman BB & Citlik-Saritas S. (2025). Box breathing vs. 6 bpm: post-HIIT recovery. PLOS ONE.
doi:10.1371/journal.pone.0336615. RCT crossover; n=40.

Rottger S, et al. (2021). Tactical breathing vs. prolonged exhalation. Applied Psychophysiology and Biofeedback.

Paternoster N, et al. (2026). Digital breathing interventions and physician stress: ASIP study. npj Digital
Medicine.

Fisher BA, et al. (2023). Tactical breathing and marksmanship accuracy. Military Psychology. PMC11622642.

% Extended Exhale

Prolonged Exhalation - Exhale-Dominant Breathing - Cyclic Sighing

CONTEXT

Extended exhale breathing encompasses any protocol where the exhalation phase meaningfully
exceeds the inhalation phase — typically at a ratio of 1:2 or greater. The family includes resonance
breathing at 6 bpm and the physiological sigh (double inhale + long exhale). In 2023, a Stanford
RCT published in Cell Reports Medicine (Balban et al.; n=114) found that cyclic sighing
outperformed all other tested techniques — including box breathing and mindfulness meditation —
on real-time mood and anxiety measures.

PROPOSED MECHANISM

Exhalation is dominated by parasympathetic (vagal) outflow. Lengthening the exhale increases
cumulative vagal stimulation per cycle — termed respiratory vagal nerve stimulation (rVNS). Lung
deflation activates slowly-adapting pulmonary stretch receptors (SARs) projecting via the vagus to
the nucleus tractus solitarius, inhibiting inspiratory drive and potentiating parasympathetic tone. The
cyclic sigh's double inhale re-inflates any collapsed alveoli before the prolonged exhale, maximally
engaging this deflation reflex.

PROTOCOL — CYCLIC SIGH VARIANT (RESEARCH-VALIDATED)

INHALE 1 4s + INHALE 2 1-2s EXHALE 6-8s

—

Sit comfortably. Begin a slow nasal inhalation for ~4 seconds, filling the lungs about 80%.

2. Atthe top of this breath, take a second short sniff through the nose (1-2 seconds),
maximally inflating the lungs. This double-inhale is the hallmark of the physiological sigh.

3. Exhale slowly and completely through the mouth for 6—8 seconds. Let the abdomen fall first,
then the chest.

4. Allow a natural pause before the next inhale, without forced holding.
5. Repeat for 5 minutes — the validated duration in Balban et al. (2023).
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Simpler variant: Inhale 4s through the nose, exhale 8s through the mouth. Repeat 10
cycles.

REPORTED EFFECTS

* Greatest real-time mood improvement vs. other techniques including mindfulness (Balban et
al., 2023)

» Significant increase in HF-HRV and vagal tone

* Reduced state anxiety in young and older adults

* Reduced salivary cortisol with regular practice

* Enhanced parasympathetic activity greater than box breathing at equivalent duration
* Improved emotional regulation and reduced physiological arousal

PRECAUTIONS

Generally very well tolerated. The double-inhale variant should be avoided in significant
lung hypersensitivity (e.g., exercise-induced bronchospasm) until cleared by a clinician.
Otherwise, this family of techniques is among the safest in breathwork.

KEY REFERENCES
Balban MY, et al. (2023). Brief structured respiration practices enhance mood and reduce arousal. Cell Reports
Medicine, 4, 100895. RCT; n=114.

Magnon V, Dutheil F & Vallet GT. (2021). Deep and slow breathing on vagal tone and anxiety. Scientific Reports,
11, 19267.

Gerritsen RJS & Band GPH. (2018). Breath of Life: The Respiratory Vagal Stimulation Model. Frontiers in
Human Neuroscience, 12, 397.

Laborde S, et al. (2023). Slow breathing for reducing stress: extending exhale. Complementary Therapies in
Medicine.

Alternate Nostril Breathing

Nadi Shodhana - Anuloma-Viloma Pranayama

CONTEXT

Among the most systematically studied pranayama techniques, alternate nostril breathing (ANB) —
Nadi Shodhana (‘channel purification') — alternates nasal airflow manually between left and right
nostrils. Described in the Hatha Yoga Pradipika (c. 15th century CE), a 2017 systematic review in
the International Journal of Research in Medical Sciences synthesised 44 RCTs on ANB's effects
on autonomic, cardiopulmonary, and cognitive outcomes, finding high-level evidence for positive
effects across all three domains.

PROPOSED MECHANISM

The human nasal cycle — an ultradian rhythm of alternating bilateral airflow dominance (~90-150
min) — is governed by asymmetric autonomic activity: right nostril dominance correlates with
sympathetic activation, left with parasympathetic activation. ANB may rhythmically modulate this
cycle, fostering interhemispheric balance. Regular practice aligns the central autonomic network
(hypothalamus, prefrontal cortex, limbic system) with baroreceptor signals, shifting long-term
autonomic balance toward parasympathetic predominance.

PROTOCOL — CLASSIC NADI SHODHANA
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1. Sit tall. Form Vishnu mudra with the right hand: fold index and middle fingers toward the
palm, leaving thumb, ring finger, and little finger extended.

2. Close the right nostril with the right thumb. Inhale slowly and fully through the left nostril for
4—6 counts.

3. At the top of the inhale, close the left nostril with ring and little fingers. Release the thumb
and exhale through the right nostril for 4—6 counts.

4. Inhale through the right nostril for 4—6 counts (right remains open).

5. Close the right nostril again. Exhale through the left nostril for 4—6 counts. This completes
one round.

6. Practise 5-10 rounds (10-20 minutes). Advanced: add breath retention equal to 4x the
inhale count between phases.

Classical retention ratio: /nhale 4 : Hold 16 : Exhale 8 (the 1:4:2 proportion).

REPORTED EFFECTS
* High-level evidence for improved autonomic nervous system function (44 RCTs)
* Reduced heart rate and blood pressure, including in hypertensive patients
* Improved HRV and baroreflex sensitivity
* Enhanced spatial memory, motor memory retention, and cognitive performance
* Reduced perceived stress in medical student populations

PRECAUTIONS

Use with caution in: Nasal obstruction or severe congestion (consider unmanipulated
nasal breathing instead). The retention variant (kumbhaka) is contraindicated in pregnancy,
cardiovascular disease, and glaucoma until medically cleared.

KEY REFERENCES
Srivastava N, et al. (2017). Alternate nostril breathing: systematic review of clinical trials. Int J Research in
Medical Sciences, 5(8), 3213-3217. 44 RCTs.

Telles S, Sharma SK & Balkrishna A. (2014). Blood pressure and HRV during Nadi Shodhana. Medical Science
Monitor Basic Research, 20, 184.

Kumari S, Kaur M & Kaur L. (2015). ANB on cardiovascular functions in hypertensive patients. Int J Nursing
Education, 7(3), 131.

Shannahoff-Khalsa DS. (2001). Unilateral forced nostril breathing: basic science and clinical trials. Subtle
Energies and Energy Medicine, 12(2).

Breath of Fire

Kapalabhati Pranayama - Skull-Shining Breath

CONTEXT

Kapalabhati (Sanskrit: kapala = skull, bhati = shining) is classified in Hatha yoga as a shatkarma
(purification technique) rather than strictly a pranayama. Described in the Hatha Yoga Pradipika (c.
15th century CE), it is characterised by rapid, rhythmic, forceful exhalations driven by sharp
abdominal contractions, with passive inhalations following each contraction. At 60—120 breaths per
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minute, it represents the high-frequency end of the breathwork spectrum, producing effects
distinctly different from slow-breathing techniques.

PROPOSED MECHANISM

Rapid exhalations produce intermittent hypocapnia (lowered CO,) and brief oscillations in arterial
oxygen saturation, creating a mild hyper-then-hypoventilatory effect. Unlike slow-breathing
techniques, kapalabhati acutely increases sympathetic tone — consistent with elevated
catecholamines and metabolic rate. A landmark EEG study demonstrated increased alpha wave
activity during the first 5 minutes, suggesting paradoxical calmness amid physiological activation.
Rhythmic abdominal contractions also strengthen the diaphragm and abdominal musculature.

PROTOCOL
1. Sitin a stable, upright position — cross-legged or in a chair with a long spine. Rest hands on
knees.

2. Take one deep inhalation through the nose to establish baseline.

3. Exhale sharply through the nose by contracting the lower abdomen inward and upward. The
exhalation should be audible and abrupt (~0.5 seconds).

4. Allow the inhalation to occur passively as the abdominal muscles release. Do not force it.

Repeat at approximately 60 pumps per minute. Experienced practitioners may reach

120/minute.

6. Begin with 3 rounds of 30 pumps. After each round, take a deep inhalation, hold briefly, and
exhale slowly. Rest between rounds. Progress gradually over weeks.

o,

REPORTED EFFECTS
* Increased alpha, beta, and theta EEG brain wave activity
* Reduced anxiety scores and improved sustained attention
» Strengthened diaphragm and abdominal musculature
* Acute sympathetic activation producing an energising effect
* Improved respiratory parameters in asthma and COPD
+ Possible improvement in digestion and visceral circulation

PRECAUTIONS — HIGH IMPORTANCE

CONTRAINDICATED in: Pregnancy, uncontrolled hypertension, epilepsy, hernia
(abdominal, hiatal, or inguinal), vertigo, recent abdominal or thoracic surgery, glaucoma,
and active respiratory infections. A case of spontaneous pneumothorax in a healthy 29-
year-old was reported in CHEST (Verma et al., 2004), illustrating that forceful exhalation at
physiological extremes carries real risk. Beginners must learn under qualified instruction.

KEY REFERENCES

Bhargav H, et al. (2021). Kapalabhati: a physiological healer. Yoga Mimamsa, 53(1). Wolters Kluwer.

Saoji AA, Raghavendra BR & Manjunath NK. (2019). Effects of yogic breath regulation: narrative review. J
Ayurveda & Integrative Medicine, 10(1), 50-58. PMC6470305.

Verma SK, Khanna A & Bhagat S. (2004). Kapalabhati pranayama: breath of fire or cause of pneumothorax?
CHEST, 125(5), 1951. [Safety case report]

Kuna A, Vishnudevananda S & Dostalek C. (1991). Kapalabhati: ventilatory studies. Homeostasis in Health and
Disease, 33.

n Diaphragmatic Breathing
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- Belly Breathing - Abdominal Breathing -+ Resonance Breathing

CONTEXT

Diaphragmatic breathing (DB) — consciously directing the breath to engage full downward
excursion of the diaphragm rather than shallow thoracic movement — is arguably the foundational
breathwork practice from which more structured techniques derive. It is the most clinically
widespread breathing intervention, used in pulmonary rehabilitation, oncology, pain management,
cardiac rehabilitation, and mental health settings. A 2025 systematic review synthesised 48 RCTs
published between 2006—2025 across 14 countries, finding consistent beneficial effects across
respiratory, cardiovascular, and psychological domains.

PROPOSED MECHANISM

Full diaphragmatic activation increases tidal volume and activates pulmonary stretch receptors,
initiating a parasympathetic reflex. The descent of the diaphragm also increases intra-abdominal
pressure, stimulating the vagus nerve mechanically at its thoracic and abdominal branches. Slow
DB at ~6 bpm engages baroreflex resonance — producing the largest amplitude RSA and
improving baroreflex gain. Systematic reviews confirm decreases in blood pressure, respiration
rate, and salivary cortisol alongside reduced psychological anxiety scores.

PROTOCOL

1. Lie supine or sit upright. Place one hand on the chest and one on the abdomen.

2. Inhale slowly through the nose for 4—-6 seconds. Focus on expanding the abdomen (lower
hand rises) while keeping the chest relatively still.

3. At the top of the breath, briefly pause (1-2 seconds) without straining.

4. Exhale slowly through pursed lips or the nose for 4—8 seconds (longer exhale preferred),
allowing the abdomen to fall naturally.

5. Continue for 10-20 minutes daily, or 5 minutes for acute stress relief. Target: ~6
breaths/minute.

6. Once established in quiet conditions, gradually practise in more challenging contexts to build
automaticity.

REPORTED EFFECTS
* Decreased cortisol and blood pressure across multiple clinical populations
* Improved HRV, vagal tone, and baroreflex sensitivity
* Reduced anxiety and perceived stress
* Improved pulmonary function in COPD and asthma (reduced dyspnoea)
* Reduced acute clinical pain (meta-analysis: Joseph et al., 2022)
* Improved cognitive and motor outcomes post-stroke

PRECAUTIONS

Generally very safe. Patients with severe diaphragmatic weakness, hiatal hernia, or active
respiratory infections should consult a clinician first. Those with significant gastro-
oesophageal reflux should practise seated rather than supine.

KEY REFERENCES

Ma X, et al. (2017). Diaphragmatic breathing on attention, negative affect and stress. Frontiers in Psychology, 8,
874.

Hopper SI, et al. (2019). Effectiveness of diaphragmatic breathing for reducing stress: quantitative systematic
review. JBI Database of Systematic Reviews.
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Abdullahi A, Wong TWL & Ng SSM. (2024). Diaphragmatic breathing after stroke: systematic review and meta-
analysis. Frontiers in Neurology. PMC10811179.

Russo MA, Santarelli DM & O'Rourke D. (2017). Physiological effects of slow breathing in healthy humans.
Breathe (Sheffield), 13(4), 298-309.

el Wim Hof / Cyclic Hyperventilation with Retention

Tummo-Derived Breathing - High Ventilation Breathwork (HVB)

CONTEXT

High ventilation breathwork (HVB) with retention encompasses the Wim Hof Method (WHM),
holotropic breathwork, and elements of Tibetan Tummo meditation — characterised by rapid
hyperventilation (30—40 deep breaths) followed by voluntary breath-holds of 1—-3 minutes. A 2014
landmark study in PNAS (Kox et al.; n=24) first demonstrated that WHM-trained individuals could
voluntarily modulate their innate immune response to experimentally administered bacterial
endotoxin — previously thought physiologically impossible. A 2025 semi-RCT (Scientific Reports;
n=404) found WHM produced greater improvements in energy, mental clarity, and stress handling
than mindfulness meditation over 29 days.

PROPOSED MECHANISM

Unlike slow-breathing techniques, HVB is not primarily a parasympathetic intervention. The rapid
breathing phase induces respiratory alkalosis (CO, washout), triggering sympathoadrenal activation
and adrenaline release from the adrenal medulla without physical exertion. The subsequent breath-
hold in a hypocapnic state prolongs mild hypoxia. Together these create controlled hormetic stress:
acute catecholamine elevation that confers anti-inflammatory effects, heightened energy, and
altered pain perception.

PROTOCOL — CORE BREATHING PHASE

A SAFETY FIRST: ALWAYS lie supine on a flat surface, away from water, sharp objects,
and any situation requiring motor control. NEVER practise while driving, near water, or while
standing.

—

Lie supine on a flat, safe surface. Take a moment to settle and relax.

2. Take 30—40 deep, rhythmic breaths through the mouth: inhale fully into belly and chest, then
exhale without forcing to completion — allow a slight passive retention of air. Pace: ~1
breath per 1.5-2 seconds.

3. After the final exhalation, exhale to a natural (not forced) empty point and hold the breath for
as long as is comfortable without straining — typically 1-3 minutes for trained individuals.

4. When the urge to breathe is strong, take a deep recovery inhalation and hold it for 15
seconds, then release fully.

5. This completes one round. Perform 3—4 rounds, resting with normal breathing between
rounds.
REPORTED EFFECTS
* Voluntary modulation of the innate immune response (endotoxemia model, Kox et al., 2014)
+ Elevated plasma adrenaline without physical exertion
* Reduced pain perception lasting 4+ hours post-practice
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+ Improved self-reported energy, mental clarity, and stress resilience
* Reduced depressive symptom rumination (acute effect)
» Evidence for acute mountain sickness prevention at altitude

PRECAUTIONS — CRITICAL

CONTRAINDICATED in: Cardiovascular disease, epilepsy, panic disorder, PTSD,
pregnancy, uncontrolled hypertension, and any condition causing syncope or dizziness.
Cyclic hyperventilation can cause loss of consciousness through cerebral vasoconstriction
— a documented risk if practised in or near water or while standing. This technique involves
deliberate sympathetic activation and should NOT be used as a primary anxiety-reduction
strategy in vulnerable populations without professional supervision.

KEY REFERENCES
Kox M, et al. (2014). Voluntary activation of the sympathetic nervous system and attenuation of innate immunity.
PNAS, 111(20), 7379-7384. Landmark RCT; n=24.

Solberg G, et al. (2025). Psychophysiological effects of breathwork and cold immersion: semi-RCT. Scientific
Reports. doi:10.1038/s41598-025-29187-9. n=404.

Carney L & Lester E. (2024). Wim Hof Method RCT in women with depressive symptoms. Psychiatry Research
Communications.

van Middendorp H, et al. (2023). WHM on cardiac autonomic function and psychological parameters. Scientific
Reports. RCT; n=42.

Fincham GW, et al. (2024). High ventilation breathwork with retention: RCT on mental health and wellbeing.
Scientific Reports.

Comparative Overview

The table below summarises key parameters and primary applications across all seven techniques.
Evidence grades are approximate and reflect the volume and quality of published RCTs as of mid-
2026.

ANS Effect Primary Uses Evidence

(bpm) Hold

Technique ‘Rate I:E Ratio | Breath

4-7-8 Breathing ~3 1:2 (4:8) Yes (7s) Strong Anxiety, Sleep Moderate — 15
parasympathetic studies
Box Breathing ~3.75 11 Yes Parasympathetic ~Focus, Stress Moderate —
(4:4:4:4) (dual + HRV growing
4s)
Extended Exhale 4-6 1:2+ Optional = Strong Anxiety, Mood Mod.-High —
parasympathetic RCT 2023
Alternate Nostril Optional Parasympathetic =~ Cognition, Blood High — 44 RCTs
+ Bal. Pressure
Breath of Fire End of Sympathetic Energy, Attention Moderate —
rounds (acute) mixed
Diaphragmatic Optional = Strong Stress, Pain, High — 48 RCTs
parasympathetic = Pulmonary
Wim Hof / HVB Yes (1-  Sympathetic Immunity, Moderate —
3 min) (hormetic) Resilience growing
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Key: bpm = breaths per minute. I:E = inhalation-to-exhalation ratio. ANS = autonomic nervous system. HVB =
high ventilation breathwork. Bal. = interhemispheric/autonomic balance. Evidence grades reflect volume and
quality of RCTs.

Conclusion

The techniques surveyed here fall into two broad physiological categories: slow-breathing practices
that enhance parasympathetic tone through vagal stimulation, baroreflex resonance, and pulmonary
stretch — and high-frequency or hyperventilatory practices that exploit sympathoadrenal
mechanisms for energising and immunomodulatory effects. This distinction should guide
application: 4-7-8, extended exhale, alternate nostril, and diaphragmatic breathing are best suited to
anxiety reduction, sleep facilitation, and cardiovascular health; breath of fire and Wim Hof breathing
are better suited to energy amplification, attention, and hormetic resilience training.

Among slow techniques, the extended exhale / cyclic sighing approach has the most recent head-
to-head RCT support for real-time mood and arousal regulation (Balban et al., 2023, Cell Reports
Medicine), while alternate nostril breathing leads in cognitive and blood pressure outcomes across
the largest body of RCTs. Diaphragmatic breathing remains the most broadly validated across
clinical populations and medical conditions. Box breathing's symmetric architecture makes it
uniquely suited to high-stress operational contexts where cognitive simplicity is paramount.

Several cautions apply across the field. Most studies remain short-duration, lack active placebos,
and involve healthy adults — limiting generalisability to clinical populations. Standardisation of
technique, dosing, and outcome measurement is urgently needed. Clinicians and practitioners
should prioritise well-specified protocols matched to specific physiological targets, recognising that
breath is not a monolithic intervention, but a richly differentiated one.

DISCLAIMER

This treatise is compiled from peer-reviewed sources for educational purposes only. It is not
a substitute for individualised medical advice, diagnosis, or treatment. References span
1991-2026. Always consult a qualified healthcare provider before beginning a breathwork
practice, particularly with any pre-existing medical condition.
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