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Abstract
Breathing is a fundamental activity of all living organisms and is necessary for life. Although breathing is a priority, greater than

90% of living organisms use less than 50% of their breathing capacity efficiently. How a person breathes affects the functions of their
entire body. Breathing exercises are regularly recommended to maintain mental peace, alleviate stress, improve psychophysiological

function, and organ performance. Yoga relieves stress, depression, anxiety, and various acute or chronic mood disorders. Physical

postures (asanas), breathing techniques (pranayamas) and meditation practices (dhyana) are the components of yoga that unite
the mind, body, and spirit. Yogic breathing involves following a recommended breathing pattern and movements to positively affect

immune function, regulate any imbalance in the autonomic nervous system, manage psychological and stress-related disorders and

alleviate physiological functions, which help improve quality of life (QoL). If an individual is purposeful, these exercises are easy
to learn, positively impacting life and behavior. Several experimental and computational studies support the benefits of controlled

breathing methods on overall well-being. Each type of yoga provides unique physiological and psychological advantages attributed

to posture, the use of mouth and nostrils, frequency and duration of breathing, laryngeal muscle contraction, glottis position, and
tidal capacity. Practicing yoga is generally considered safe, although special populations—such as older individuals and those with

high-risk diseases—require appropriate consultation before undergoing such practices. This review provides an overview of breathing-related practices, such as breathing as a non-pharmacological intervention to manage and overcome stress and other breathing
disorders.
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Abbreviations
ADHA: Attention-Deficit/Hyperactivity Disorder; ALA: American Lung Association; ART: Auditory Reaction Time; BHT: Breath-Holding

Time; COPD: Chronic Obstructive Pulmonary Diseases; DB: Diaphragmic Breathing; EEG: Electroencephalogram; FEV1: Forced Expiratory
Volume in the First Second; FVC: Forced Vital Capacity; HPA: Hypothalamic-Pituitary-Adrenal; MDD: Major Depressive Disorder; MVV:

Maximum Voluntary Ventilation; PANSS: Positive and Negative Syndrome Scale; PEFR: Peak Expiratory Flow Rate; PTSD: Post-Traumatic
Stress Disorder; QoL: Quality of Life; RCT: Randomized Controlled Trial; VC: Vital Capacity; VRT: Visual Reaction Time

Introduction

Breathing is a vital life activity. The regulated breathing and meditation serve as a bridge between the mind, body, and spirit—help-

ing a person to live more in the moment, away from distractions [1]. Various breathing techniques help spiritual awakening, meditation

practice, and self-healing introspection. An exponential increase in the practices of yoga, Buddhism, and Tai Chi was observed during
1960–1970, called the Consciousness-Raising Era [2,3].

Psychological studies have reported breathing practices as effective therapy [4] to reduce depression, anxiety, and stress-related dis-

orders [5,6]. Anxiety was significantly decreased in pregnant women who practiced 5 minutes of abdominal breathing for 30 continuous
sessions [7].

A 3-day intervention study by Woo-Jeong., et al. (2010) involving pregnant women, highlighted that practicing breathing techniques

3 times a day lessened anxiety symptoms [8]. Michelle., et al. (2011) found that practicing breathing exercises for a day helped relieve
exhaustion from emotional stress and depersonalization from “burnout” at the workplace [9]. Patients with chronic back pain reported
considerable exercise improvement in anxiety and depression in a 7-day intensive residential yoga program, including pranayama, a type
of breathing exercise [10].

Discussion

Appropriate breathing practice
Although breathing is a natural process, the benefits can be improved by using the correct breathing method. The American Lung

Association (ALA) provides advice on following the correct breathing practices, such as using the nose and belly, avoiding overthinking,
following a healthy lifestyle, and monitoring air quality.

The ALA has also recommended two distinct types of breathing: diaphragmatic (belly) breathing and pursed-lip breathing. It is im-

perative to follow both exercises for 5–10 minutes daily. The proper breathing method begins in the nose, forming the path toward the
stomach as the diaphragm begins to contract, the belly expands and the lungs fill with air.

The fundamental action of proper breathing is to inhale through the nose to flow through the belly to achieve muscle lengthening.

Similarly, to attain muscle shortening, breathe out slowly and exhale air through the mouth [11]. An adult person’s regular, optimal respiration rate at a resting state is 12–16 breaths per minute. This rate increases with illness, fever, and other medical conditions. Observing
difficulty in breathing is an alert for evaluating any respiratory-related disease [12].
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Lung conditions, such as asthma, pneumonia, chronic obstructive pulmonary disease (COPD), emphysema, pulmonary embo-

•

lism, and pulmonary hypertension, can disrupt the airways, causing breathing difficulties.

•

affect breathing patterns.

Cardiac conditions, such as coronary artery disease, congenital heart disease, arrhythmia, and congestive heart failure, can also
Environmental triggers, such as allergies to dust, pollen, or mold, can adversely affect breathing. Individuals—susceptible to

specific allergies, under persistent stress, or having a history of chronic lung or cardiac disease—are at a greater risk of breath•
•
•
•
•

ing problems than others without such complications.

Low oxygen availability and intake at high altitudes can alter breathing patterns.

Emotional triggers, such as anxiety and stress, can increase the respiratory rate with adverse effects.
Physical triggers, such as blocked air passages and phlegm formation, cause mechanical obstruction.

A hiatal hernia can also cause chest pain, heartburn, and difficulty swallowing, leading to altered and labored breathing.

Obesity and extreme physical exertion, such as exercising under oppressive environmental conditions, can lead to strained
breathing, adversely affecting respiratory patterns [13,14].

Mechanisms of altered breathing

Cortisol is a steroid hormone released when stress conditions are triggered, being associated with depression, anxiety, and negative

emotions. The hypothalamic-pituitary-adrenal (HPA) axis controls cortisol activity and regulates metabolism, mental processing, and

immunity. Inhalation of CO2 leads to changes in plasma cortisol levels. Increased salivary cortisol levels have often been associated with

heightened stress or agitation. However, even with the availability of these structured data, evidence linking emotion, attention, breathing, and cortisol is limited [4].

The diaphragm regulates the breathing pattern [4]. Deep breathing, also known as diaphragmatic breathing, is the correct breathing

practice. In deep breathing, the diaphragm is contracted, and the belly is expanded with deep inhalation and passive exhalation. The cycles
of diaphragmatic breathing decrease the frequency of respiration and maximize blood oxygen [15].
Breathing techniques

Various breathing techniques can be employed to treat specific health conditions or ameliorate symptoms (Figure 1).

Figure 1: Various types of breathing techniques currently used for their beneficial effects.
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Qigong (pronounced as chee-gong) is an ancient healing practice in China. It is considered a therapeutic and meditative exercise relat-

ed to Eastern medicine. It combines controlled breathing, meditation (as an essential element), and gentle movement to improve mental,
physical, and spiritual status. In particular ways, it is similar to Tai Chi, which treats various health conditions, such as heart disease, high

blood pressure, diabetes, insomnia, and back pain. Qigong practice can be active or passive. The active type of Qigong includes slow and
controlled movements to increase and direct the energy through the body’s meridians, whereas the passive form involves calm breathing
and stillness [16].

Kozo Nishino, a Japanese Ki-expert, established the Nishino breathing technique, which helps improve overall health and well-being. A

collaborated study by Ohnishi., et al. (2006) revealed that Nishino’s Ki-energy (the energy of life or vitality) could inhibit cancer cell divi-

sion and protect mitochondria from heat deterioration [17].

Pranayama, also known as yogic breathing, enhances psychological, biochemical, metabolic, neurocognitive, and respiratory func-

tions. As such, it is helpful in the management of various clinical conditions. Yogic breathing practices are of various types, differing in the
method and body posture. The following are some of the pranayama types:
•

•
•
•
•
•
•
•

Kapalabhati (abdominal breathing)
Bastrika (bellow’s breath)

Nadishodhana/Nadishuddhi (alternate nostril breathing)
Suryanuloma Viloma (right uninostril breathing)

Chandranuloma Viloma (left uninostril breathing)
Suryabhedana (right nostril-initiated breathing)
Ujjayi (psychic breathing)

Bhramari (female honeybee humming breathing) [18].

Ancient Indian texts on pranayama and yogic breathing cite that brain activity from these practices is influenced in various ways, and

this notion is supported by previous studies [19].

Researchers explored the electroencephalogram (EEG) observations to identify the significance of breathing patterns, which are

linked to the body and mind, during health and disease states. About 15 min of Kapalabhati was reported to positively affect neurocogni-

tive abilities [20].

Bhastrika significantly reduced anticipatory response time [21], and Mukha Bhastrika significantly reduced auditory reaction time

(ART) and visual reaction time (VRT) in school children [22].

According to Bhavanani., et al. (2012), an immediate reduction in ART and VRT parameters follow breathing practices in mentally

disabled or challenged adolescents, who generally have higher reaction times than their healthy counterparts [23].

Randomized controlled trials (RCTs) have shown that more participants achieve mental relaxation, with only 33% experiencing anxi-

ety compared to 67% in the control group [24].

Emotional improvements and decreased adverse effects were observed in individuals practicing distinct breathing techniques that

enrich the mind and body interconnection.
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The detrimental impact of stress, anxiety, and negative emotions can be counteracted by meditation, relaxation, and breathing tech-

niques. These homeostatic interventions influence the interrelationship between respiration and emotions [25].

Breathing modulation has been adapted as a non-pharmaceutical therapy for treating depression [26], insomnia [27], and post-trau-

matic stress disorder (PTSD) [28]. A study by Seppälä., et al. (2014) analyzed the startle effects of regular Sudarshan Kriya yoga on veterans with PTSD and suicidal symptoms. The study found a reduction in PTSD symptoms, respiration rate, and anxiety in the veterans.

In Sudarshan Kriya, the stimulus of feared memories is decoupled from that of respective fear responses in which individuals re-

experience the traumatic events—but in a relaxed, breathing-induced physiological state—that helps them control the senses. Once the
intervention is completed, traumatic memories no longer affect the person strongly [29].

The application of “breathing therapy” in specific psychological disorders or conditions
Researchers are keen to discover complementary therapies for treatment that may result in fewer medications.

Attention-deficit/hyperactivity disorder (ADHD)

ADHD is characterized by impaired motor activities, impacting children’s health, globally. It is a complex trait disorder influenced by

environmental and genetic factors. The EEG patterns demonstrate differences during waking and dream states in this population.

Researchers have investigated the positive effects of mind-body therapies on the autonomic nervous system function [30]. Although

interventional therapy is the current standard of treatment, a combination of medications and behavioral therapy has effectively reduced
ADHA symptoms [31].

In addition to yogic practices of physical posture, mediation, and breathing techniques, Sahaja Yoga Meditation as a family therapy

program has been shown to reduce ADHD symptoms, resulting in a decreased medicine dosage [30,32].

Through a combination of persistent attention to breath and movements, Tai Chi has also been shown to lessen the symptoms of

anxiety and hyperactivity in ADHD-affected individuals. Mindfulness-based meditation and breathing therapy significantly improves attention, performance, and self-reported ADHD symptoms [30].
Schizophrenia

The current treatment for severe mental illnesses—such as schizophrenia, bipolar disorder, and major depressive disorder (MDD),

which present a heterogeneous cluster of symptoms—is pharmacological agents with follow-up monitoring.
Psychotic spectrum disorders

Various studies support the importance of yoga and breathing practices in treating many psychotic spectrum disorders. Improvements

in the total positive and negative syndrome scale (PANSS) score with sub-scale measurement of the emotional effect, blunt, abstract thinking, and spontaneity are particularly useful [31–34].

Mindfulness and meditation significantly improved PANSS scores by reducing stress, anxiety, depression, and recovery time [33].

Cognitive remediation-techniques, including yoga, are considered an effective adjuvant therapy to medications for treating schizophrenia,
bipolar disorders, and other spectra of mood disorders [33,34]. However, more RCTs are required to examine cognitive behavioral therapy
as an intervention in this population, and establish data on the regimens’ frequency, duration, and intensity [34].

Citation: Kerna NA, Flores JV, Chawla S, Brown SM, Anderson II J, Holets HM, Carsrud NDV, Roberson R, Nwokorie U, Pruitt KD. “The
Breath of Life: Breathing Techniques as Effective ‘Medicine’”. EC Pulmonology and Respiratory Medicine 11.3 (2022): 16-27.

The Breath of Life: Breathing Techniques as Effective “Medicine”

Chronic obstructive pulmonary disease (COPD)

21

Individuals with COPD experience altered breathing patterns and shortness of breath, especially during exercise. A study by Holland.,

et al. (2012) evaluated diaphragmatic breathing (deep abdominal-focused breathing), pranayama yoga and pursed-lip breathing and

monitored respiratory rate and exhalation time. All three techniques improved breathing, but the specific variable for shortness of breath
was different for each patient. Further research is warranted to determine the effectiveness of these techniques as adjuvant therapy in
the population with COPD [13].

Beneficial physiological effects of slow and controlled breathing
The physiological effects of slow and controlled breathing are beneficial when coupled with a bidirectional network of respiratory and

cardiovascular receptors, muscles, and neurons—listed as follows.
•

Respiratory: The mechanism improves ventilation efficiency, increases arteriolar oxygenation, and reduces alveolar dead space.

•

It also improves diaphragmatic excursion [14].

•

synchronization between blood pressure and heartbeat rhythm, resolving blood pressure fluctuations [14].

•

6 breaths per minute improve the efficiency of pulmonary gas exchange and minimize the risk of an additional cardiac drive.

Cardiovascular: The mechanism increases venous return, which augments stroke volume and cardiac output, improving the
Cardiorespiratory: The mechanism resonates the frequency between both the respiratory and cardiovascular networks. About
Autonomic nervous system: The mechanism helps stimulate the vagus nerve (vagal activity) responsible for specific sensory and
motor coordination within the body. It also optimizes sympathovagal balance and improves autonomic responses [14].

Breathing techniques are often referred to with the pace of breath control. Slow breathing is associated with relaxation and overall

well-being, whereas fast breathing is associated with stress and anxiety [35]. In some cases, the physiological effect of fast breathing

is also beneficial, but differs from those of slow breathing. A study by Sharma., et al. (2013), involving 18–25-year-olds, analyzed the
improvement in perceived stress and anxiety by assigning participants to slow or fast breathing pranayama. Kapalabhati, Bhastrika and
Kukkriya were the slow breathing techniques, whereas Nadishodhana, Pranava, and Savitri were the fast breathing techniques.

Stress, heart rate, blood pressure, pulse pressure, and respiratory rate were analyzed for 12 weeks. Both slow and fast breathing

pranayama were found to reduce stress, and were considered deep breathing exercises with a different frequency of respiration. However,

slow breathing pranayama was also associated with improved cardiovascular parameters [36]. Cardiorespiratory parameters did not
differ between slow breathing (prana-yoga) and fast breathing (Sudarshan Kriya yoga). Compared to the psychological state of life, the
management scale was more substantial in the slow breathing intervention group than the fast breathing group [35].

Bellissimo., et al. (2020) investigated the difference in the impact of slow and fast breathing techniques on cerebral functions. Sukha

pranayama was used for slow breathing assessment and Kapalabhati pranayama for fast breathing. The study reported that a fast breath-

ing technique significantly increased oxygenation in the cerebral region, resulting in positive changes in the right and left prefrontal cortex region. However, more research is required to identify any potential mechanisms influenced by fast breathing [37].

Studies conducted using the slow breathing technique did not investigate the direct effects on the consciousness and the neural net-

work of the cortical activities exerted by the olfactory bulb [35].

A meta-analysis conducted by Lewis., et al. (2007) described the effect of breathing control on various clinical outcomes with diaphrag-

mic breathing (DB) as one of the interventions. The DB arm showed beneficial effects on respiratory functions RR, VT, gas exchange and
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arterial oxygen saturation. On the contrary, DB also showed adverse effects on dyspnea in patients with existing high-severity respiratory
problems. DB did not display any significant impact on the vital capacity (VC), forced vital capacity (FVC), forced expiratory volume in the
first second (FEV1), oxygen consumption, or in respiratory muscle efficiency [38].

Grams., et al. (2012) analyzed another set of RCTs in a systematic review, and presented a similar observation of no significant DB

impact on respiratory functions, such as FEV1 and FVC [39]. However, parameters—such as FEV1, FVC, breath-holding time (BHT), peak
expiratory flow rate (PEFR), and maximum voluntary ventilation (MVV)—were found to increase after forced breathing [40].
COVID-19 and breathing techniques

SARS-CoV2-2019 (COVID-19) is significantly and adversely affecting human life, globally. Multidisciplinary interventions with pulmo-

nary rehabilitation are the cornerstones of treatment. In these patients, the purpose is to improve respiratory and other symptoms, such
as dyspnea, anxiety, complications, disability, and quality of life. Breathing exercises are recommended, such as diaphragmatic breathing,
pursed-lip breathing, active abdominal contraction, yoga, pranayama, and Tai Chi.

These practices must be performed daily: 10–15 minutes, 2–3 times a day. The duration should be increased in disease progression,

with a goal of 30–60 minutes. The rehabilitation intervention aims to achieve a SpO2 of more than 90%, and maintain saturation. A continuous cycle of breathing techniques helps clear the airways, eliminating mucus through coughing or forced expectoration [41]. However,

because there are only anecdotal fragments of evidence available regarding improved respiratory and other symptoms, these breathing
exercises should not be considered as protecting against COVID-19 infection [42].

In addition to the physiological impact, COVID-19 has affected the mindset and psyche of the global population. Physicians recommend

breathing techniques, such as Simha Kriya and Isha Kriya, to improve symptoms. Health workers, quarantined patients, recovering individuals, and COVID-19-positive people have increased stress and anxiety levels.

Simha kriya is a short-duration technique that increases lung capacity and improves the immune system. Isha kriya is a long-duration

technique that calms the mind and body, reduces stress levels, energizes the body, and empowers individuals to handle unpleasant situations around them. The Isha Foundation, developed by Sadhguru, has developed these techniques [43].

Stress is the current “normal”. Patients and physicians seek simpler, better, and cheaper interventions to manage stress and avoid

pharmacological interventions.

Although there is no literature emphasizing breathing techniques in mitigating the psychological and physical stress related to hav-

ing—or the fear of contracting—COVID-19 infection, recent scientific studies have highlighted the importance of incorporating ancient

mind-body techniques, meditation practices, breathing techniques, yoga, Qi Gong, and Tai Chi to alleviate symptoms of stress and anxiety.

However, a clear understanding of the mechanism of action underlying neural and physiological pathways is required to develop better

and advanced treatments with such practices as core treatments. Moreover, the information should be well balanced to achieve the goal
of NIH recommendations and initiatives.

The adverse effect of “over-breathing”
Deep breathing techniques—after proper training—are beneficial for living a healthy life with improved immune functions, blood

pressure, digestion, and hormonal levels; also, lower levels of anxiety, diminished risk of heart disease, more manageable and tolerable
panic attacks, and better focus and concentration have been noted [15].
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However, not following an appropriate technique and considering heavy breathing equivalent to deep breathing can have specific

adverse effects. Over-breathing leads to hyperventilation, which in turn causes exces excessive loss of carbon dioxide, leading to respira-

tory alkalosis, the raising of the pH to above 7.45, and lowering pCO2 to below 35 mmHg. These sequelae cause impaired blood flow and

lowered oxygen levels in tissues and cells (hypoxia)—inducing lightheadedness and tingling sensations, difficulty in concentrating on
tasks, frequent cramps and spasms of the hand and feet, muscle twitching, and panic attacks and anxiety [46].
Breathing therapy in the future of medicine

Extensive trials and experiments in human subjects can address the cortical regulation of breathing techniques, and study flight-or-

fight responses. More research on interoceptive sensations is required to assess the trigger response of panic attacks that cause asphyxia-

tion, chest pain, nausea, dizziness, elevated heart rate, changes in breathing patterns, and amplified startle responses. Animal models can
investigate acute or chronic stressors in developing predictive paradigms [44].

Medical yoga therapy (or yoga chikitsa) could be a future therapeutic option for physical and mental disorders or diseases. The combi-

nation of such treatment with spiritual well-being is thought to relieve stress.

This holistic therapy will be tailored to the needs of each individual to achieve maximum results. The collaborative and personalized

practices will help build resilience by managing the potential triggers for stress and anxiety, which will eventually aid the patient in cop-

ing with particular conditions or symptoms. Although practicing yoga is time-consuming and not as responsive as taking medications,
increasing evidence supports the benefits of investing time and money to experience its benefits. Ongoing and prospective studies may
reveal the uncovered health benefits of mind-body practices and provide evidence in supporting health management [45].

Summary

Psychological and physiological changes are observed because of brain and body interactions in people who practice meditative and

relaxing exercises, entirely dependent on voluntary breath control [35]. Meta-analyses and individual studies on meditation practices
have also reported common effects in areas of the brain involved in emotional control, attention, memory, social control, social cognition,

and reward processing. These techniques serve as brain fitness exercises and improve the functional capacity and connectivity of the
neural network [47].

Neurocognitive and psychophysiological effects are due to changes in breathing pace and nostril manipulation (also known as

uninostril or alternative nostril breathing) [18]. Mindfulness and meditation (mind-body training) can be performed regardless of time

and place. Yoga is continuously gaining importance and recognition across the world. The Western world considers it a form of physical
exercise, while the Eastern world sees it for body, mind, and spirit [48].

Slow and deep breathing efficiently removes dead space and resupplies all lung parts with air. It is better than shallow breathing,

which only replenishes air at the lung base. Retention of breath (Kumbhaka) enhances vital energy levels in the body, and when combined
with pranayamas, the effect is substantially enhanced [49]. Published studies have demonstrated yoga as adjuvant therapy for multiple

diseases, but these data are not validated due to limitations concerning the trial designs. Studies are single-center trials or those without

an adequate sample size to achieve statistical significance. Furthermore, follow-up methodologies should be included to investigate the
long-term effects of these techniques. In general, robust data from extensive multicenter studies following standard yoga programs with
uniform methods, along with long-term follow-up strategies and outcomes, are required to recognize mind-body practices as part of
medical therapy [45].
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The application of breathing practice as an effective, non-interventional exercise to regain proper, healthy breathing. Disease states

can disrupt normal, healthy breathing. Breathing exercises are beneficial in various medical conditions, physical and psychological. As

the American Lung Association has pointed out, most people breathe improperly, and there are optimal breathing practices—diaphragmatic (belly) breathing and pursed-lip breathing. In addition to the ALA’s best breathing practices, numerous breathing techniques have
been employed throughout history and to the current day: Qigong, Pranayama, Kapalabhati, Bastrika, Nadishodhana/Nadishuddhi, Sury-

anuloma Viloma, Chandranuloma Viloma, Suryabhedana, Ujjayi, and Bhramari, among others. Nevertheless, caution is needed in specific
breathing exercises. Over-breathing can lead to adverse effects, such as respiratory alkalosis, hypoxia, cramps, parathesia in the distal
upper and lower extremities, and panic attacks.
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