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Abstract

This study examines the impact of pranayama, a core component of yoga, on lung health, exploring its potential as a natural intervention
for respiratory wellness. Through a mixed-methods approach involving both quantitative measurements and qualitative feedback
from 100 participants, the research assesses the effectiveness of pranayama practices—namely, Bhastrika, Kapalabhati, and Anuloma
Viloma—in improving various aspects of respiratory function. Results indicate significant improvements in lung capacity, respiratory
muscle strength, oxygenation, and a reduction in inflammation. These pranayama techniques enhance respiratory efficiency by
strengthening the muscles involved in breathing, increasing oxygen absorption, and supporting the body’s natural defense mechanisms
against respiratory stress.

Participants reported an improved quality of life and noted reductions in respiratory symptoms, such as shortness of breath and fatigue.
The study further explores the physiological mechanisms underlying these benefits, including improved lung elasticity, increased
airflow, and decreased oxidative stress within the respiratory system. This research provides evidence that pranayama, when practiced
regularly, may serve as a complementary approach to respiratory health management and could potentially aid in the prevention and
alleviation of symptoms related to chronic respiratory conditions.

Additionally, the study outlines precautions and medical considerations essential for safe pranayama practice, particularly for individuals
with existing health conditions. By emphasizing personalized guidance and gradual progression in intensity, these recommendations
aim to optimize safety and maximize therapeutic outcomes. This investigation contributes to a growing body of evidence supporting
pranayama as an accessible, non-pharmacological means of enhancing lung health, offering a natural pathway to respiratory wellness
and overall vitality.
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Significance of Lung Health

Respiratory health is vital not only for physical function
but also for cognitive and emotional well-being, as oxygen
is essential to all cells, including those of the brain. When
lung function is compromised, oxygen delivery to tissues
and organs is diminished, which can lead to various health
complications (Culver, 2020). Studies have demonstrated
that reduced lung capacity and poor respiratory health
are associated with an increased risk of cardiovascular
disease, cognitive decline, and reduced quality of life (Sin
et al., 2015). Maintaining optimal lung function is therefore
critical not only for physical health but also for enhancing
life expectancy and quality.

Respiratory conditions are particularly prevalentamong
populations exposed to pollution, smoking, and sedentary
lifestyles (Centers for Disease Control and Prevention [CDC],
2019). Commonly prescribed treatments for respiratory
diseases include medications, physical therapy, and
lifestyle modifications. However, these treatments often
come with side effects, limited accessibility, or prohibitive
costs. Consequently, there is a need for more accessible,
cost-effective, and sustainable interventions that can
complement conventional treatment approaches. In
this context, pranayama presents itself as a holistic, self-
regulated practice with numerous potential benefits for
respiratory health.

Yoga and Holistic Health

Yoga is a multifaceted discipline that includes physical
postures (asanas), breath control (pranayama), and
meditation techniques aimed at achieving balance in body
and mind. Originating in ancient India, yoga is now practiced
worldwide for its wide-ranging health benefits, including
improvements in physical strength, flexibility, mental
clarity, and emotional resilience (lyengar, 2017). The holistic
approach of yoga, which addresses both physical and
mental well-being, has led to its recognition as a valuable
complementary therapy in various healthcare settings (Ross
& Thomas, 2010). Research suggests that yoga can improve
cardiovascular health, reduce stress, and enhance immune
function, making it a versatile tool for health maintenance
(Field, 2011).

Within yoga, pranayama specifically targets the
respiratory system through controlled breathing techniques
that aim to regulate, extend, and refine the breath. While
asanas primarily address physical alignment and flexibility,
pranayama techniques directly influence the respiratory
muscles and lung function, fostering improvements in
respiratory efficiency and oxygen uptake (Jerath et al.,
2006). Because pranayama does not require any specialized
equipment or extensive space, it is accessible to awide range
of individuals and can be practiced in diverse settings.

Understanding Pranayama and Its Relevance to Lung
Health

Pranayama, often referred to as “breath control,” is derived
from two Sanskrit words: “prana” (life force) and “ayama”
(extension or expansion). Pranayama practices involve a
series of controlled breathing exercises, such as Bhastrika
(bellows breath), Kapalabhati (skull-shining breath), and
Anuloma Viloma (alternate nostril breathing), each with
specific techniques and intended benefits. These practices
aim to regulate breathing patterns, enhance lung capacity,
and improve the body’s oxygen-carrying ability (Raghuraj
& Telles, 2008). Pranayama has been shown to activate
the parasympathetic nervous system, thereby promoting
relaxation, reducing stress, and potentially enhancing
immune function (Brown & Gerbarg, 2005).

The mechanics of pranayama exercises are specifically
beneficial to lung health. For instance, Bhastrika involves
vigorous inhalation and exhalation, which strengthens the
diaphragm and other respiratory muscles, increases lung
capacity, and promotes efficient gas exchange (Upadhyay et
al., 2008). Kapalabhati emphasizes forceful exhalation, which
helps clear the respiratory tract, reduces mucus buildup, and
increases alveolar ventilation (Joshi et al., 1992). Anuloma
Viloma, a gentler practice, involves alternating nostril
breathing, which can help balance lung ventilation, reduce
stress, and promote mental clarity (Telles & Desiraju, 1991).
Through these techniques, pranayama has the potential to
improve respiratory health by strengthening the respiratory
muscles, increasing lung elasticity, and enhancing oxygen
absorption (Coulter et al., 2016).

Review of Existing Research on Pranayama and Lung
Health

The therapeutic effects of pranayama on lung health have
been the subject of growing research interest, with studies
demonstrating its efficacy in improving lung function,
particularly among individuals with respiratory disorders.
In a study involving participants with asthma, practicing
pranayama led to significant improvements in forced
expiratory volume (FEV1) and other measures of lung
function, indicating enhanced respiratory efficiency (Singh
etal., 2012). Another study found that individuals with COPD
who practiced pranayama showed decreased breathlessness
and improved oxygen saturation, highlighting pranayama'’s
role in enhancing respiratory endurance and reducing
symptoms (Donesky-Cuenco et al., 2009).

Moreover, pranayama has been shown to reduce
inflammation in the respiratory system, which is a key
factor in the progression of chronic respiratory diseases
(Guleria et al., 2016). Inflammation in the lungs often leads
to constriction of airways and reduced lung elasticity,
further exacerbating respiratory conditions (Barnes, 2008).
Pranayama, by promoting relaxation and reducing stress-
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related inflammation, may offer a complementary approach
to managing these conditions.

Mechanisms of Action in Pranayama
Pranayamainfluences respiratory physiology through several
mechanisms. Controlled breathing in pranayama increases
the time spent in exhalation, which helps to remove excess
carbon dioxide and improve alveolar ventilation (Jerath et
al., 2006). Additionally, the rhythmic patterns of pranayama
activate the parasympathetic nervous system, leading
to a state of relaxation and potentially reducing airway
inflammation (Brown & Gerbarg, 2005). This relaxation
response also has a positive effect on the cardiovascular
system, which is closely linked to respiratory health (Pal et
al., 2004).

The muscle movementsinvolved in pranayama exercises,
such as diaphragmatic breathing, strengthen the intercostal
muscles, which play a critical role in lung expansion and
contraction (Coulter et al., 2016). Strengthening these
muscles improves lung function, as the respiratory muscles
are better able to accommodate changes in pressure and
airflow, thereby enhancing lung elasticity and reducing the
risk of respiratory fatigue (Raghuraj & Telles, 2008).

The Scope and Purpose of This Study

Despite the promising findings on pranayama and lung
health, there remains a need for comprehensive studies that
investigate its effects across diverse populations and explore
practical applications for various respiratory conditions.
While prior research has documented improvements in
specific respiratory parameters, this study aims to build on
existing knowledge by examining multiple aspects of lung
health, including lung capacity, respiratory muscle strength,
and overall quality of life. Moreover, this study considers
the practical aspects of pranayama, such as necessary
precautions and medical guidance, to provide a well-
rounded understanding of its role in respiratory wellness.

The primary goal of this research is to examine the extent
to which pranayama practices can enhance lung health,
emphasizing both physiological benefits and quality-of-life
improvements. By investigating the effects of pranayama on
respiratory parameters, this study seeks to contribute to the
broader field of complementary therapies for lung health.
Additionally, this research aims to provide guidelines and
recommendations forindividuals interested in incorporating
pranayama into their daily routines, particularly those with
respiratory vulnerabilities who may benefit most from this
practice.

Therefore, pranayama represents a potentially powerful
approach to enhancing lung health through natural,
accessible means. By examining pranayama'’s influence
on lung function, respiratory muscle strength, and
inflammatory response, this study seeks to shed light on
its role as a complementary practice in respiratory care.

The findings of this study will add to the growing body of
literature on non-pharmacological interventions for lung
health and offer practical insights for integrating pranayama
into health and wellness practices.

Methods

This study involved 100 participants (ages 18-65) with
respiratory issues who completed a 12-week pranayama-
based yoga program, practicing three times per week. Key
measures included Pulmonary Function Tests (PFTs) to assess
lung function metrics like FEV1, FVC, and PEFR, along with
symptom questionnaires and Quality of Life (QoL) surveys to
capture changes in symptoms and well-being. Physiological
data, including oxyhemoglobin saturation and heart rate,
were also monitored. Data were analyzed using descriptive
statistics, ANOVA to compare pre- and post-intervention
results, and thematic analysis of qualitative feedback,
providing a detailed understanding of pranayama'’s effects
on respiratory health.

Participants

This study involved 100 participants aged 18 to 65 with
documented respiratory concerns, recruited through
community health centers and online respiratory support
groups. The inclusion criteria required participants to
have mild to moderate respiratory symptoms—such as
asthma, chronic obstructive pulmonary disease (COPD),
or other non-severe lung conditions—stable enough to
permit moderate physical activity without the need for
urgent medical attention. Exclusion criteria included severe
respiratory diseases requiring frequent hospitalization,
recent respiratory infections, pregnancy, and any physical
or cognitive limitations that could impair participation in a
yoga program.

Participants were recruited through flyers in clinics
and community centers and targeted advertisements in
health-focused social media groups. Screening interviews
were conducted to ensure all inclusion criteria were met,
and informed consent was obtained from each participant.
The study followed ethical standards, with participants
informed of their right to withdraw at any time and reassured
of data confidentiality. Participants were compensated for
transportation costs and provided with a small stipend for
their involvement.

Intervention

The intervention involved a 12-week structured yoga
program focusing on pranayama, conducted three times a
week for approximately 45 minutes per session. Each session
was guided by certified yoga instructors experienced in
pranayama and trained in the study protocol. The program
consisted of three primary pranayama techniques: Bhastrika
(bellows breath), Kapalabhati (skull-shining breath), and
Anuloma Viloma (alternate nostril breathing).
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Each session began with a brief warm-up, including
gentle stretching exercises aimed at relaxing the chest and
respiratory muscles. The program then progressed into
pranayama practices, with each technique lasting 10-15
minutes. Bhastrika was included for its vigorous inhalation
and exhalation movements, which are known to strengthen
respiratory muscles (Upadhyay et al., 2008). Kapalabhati
involved forceful exhalation techniques to help clear the
airways, promoting alveolar ventilation (Joshi et al., 1992).
Anuloma Viloma, a milder alternate-nostril breathing
exercise, was introduced to balance respiratory flow, reduce
stress, and promote parasympathetic activation (Telles &
Desiraju, 1991).

To standardize the intervention, instructors followed
a structured session guide detailing breathing patterns,
intensity, and progression across weeks. Participants were
encouraged to attend all in-person sessions, and those
who missed any were given recorded sessions to complete
at home to ensure consistency. Instructors kept detailed
attendance records to monitor adherence and offered
individual guidance for participants reporting discomfort
or challenges with the techniques.

Measures

To evaluate the effects of the pranayama program on lung
health and quality of life, a series of assessments were
administered at baseline, midpoint, and post-intervention.

Pulmonary Function Tests (PFTs)

Pulmonary Function Tests (PFTs) were conducted to
objectively assess respiratory function, focusing on key
parameters such as Forced Vital Capacity (FVC), Forced
Expiratory Volume in one second (FEV1), and Peak Expiratory
Flow Rate (PEFR). These tests were performed using a
portable digital spirometer in a controlled clinical setting.
PFTs were repeated at three intervals: baseline (week 0),
midpoint (week 6), and post-intervention (week 12). All
participants were instructed to refrain from using respiratory
medications or engaging in strenuous physical activities 24
hours before testing to prevent any external influences on
lung function measurements (American Thoracic Society,
2005).

Symptoms questionnaire

To gather subjective data on respiratory symptoms,
participants completed a symptoms questionnaire adapted
from established tools like the COPD Assessment Test (CAT)
and Asthma Control Test (ACT). This questionnaire covered
symptoms such as cough, wheezing, shortness of breath,
and chest tightness, allowing participants to rate each
symptom on a Likert scale from 1 (no symptoms) to 5 (severe
symptoms). Participants completed the questionnaire
at baseline, midpoint, and post-intervention. This tool
provided insights into any perceived improvements in

respiratory symptoms and how participants felt about their
respiratory health throughout the program.

Quality of life (QoL) survey

The study used the World Health Organization Quality of
Life-BREF (WHOQOL-BREF) survey to assess overall quality
of life (WHOQOL Group, 1998). The survey includes four
domains—physical health, psychological well-being, social
relationships, and environmental satisfaction. Each domain
consists of questions scored on a scale from 1 to 5, with
higher scores indicating better quality of life. This measure
was administered at baseline and post-intervention,
capturing the broader impact of pranayama on aspects of
life beyond respiratory function.

Physiological parameters

Physiological parameters, specifically oxyhemoglobin
saturation (SpO2) and heart rate, were measured at each
session. SpO2 levels were recorded with a pulse oximeter,
providing data on blood oxygenation—a key indicator
of respiratory efficiency and gas exchange (Brouillette et
al., 2000). Heart rate was also measured, allowing for the
monitoring of cardiovascular responses to pranayama
practices. These physiological measures served as both
immediate and cumulative indicators of participants’
respiratory health and overall resilience.

Data Analysis

Data were analyzed using both quantitative and qualitative
approaches to assess the effects of the intervention.

Descriptive statistics

Descriptive statistics were used to summarize baseline
characteristics, including age, sex, and respiratory
condition. Descriptive statistics also provided a summary of
baseline, midpoint, and post-intervention scores for PFTs,
symptoms questionnaire, QoL survey, and physiological
parameters. Means, standard deviations, and frequency
distributions were calculated for each measure to identify
trends in respiratory function, quality of life, and symptoms
over time.

Analysis of variance (ANOVA)

A repeated-measures Analysis of Variance (ANOVA) was
conducted to examine changes in respiratory function,
symptom severity, quality of life, and physiological
parameters across time points (Field, 2013). ANOVA was
chosen due to its ability to account for within-subject
variability and detect statistically significant differences
over multiple intervals (baseline, midpoint, and post-
intervention). Post hoc comparisons were applied to identify
specific points where significant changes occurred, offering
a more detailed understanding of when improvements
emerged during the intervention.
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Thematic analysis

Qualitative data from open-ended questions in the
symptoms questionnaire and QoL survey were analyzed
using thematic analysis, following the framework by
Braun and Clarke (2006). This approach allowed for
the identification of recurring themes and patterns in
participants’ experiences, capturing their subjective
responses to the pranayama practices. Key themes such as
perceived respiratory improvements, psychological effects,
and challenges with pranayama were coded and organized
to provide additional insights into the intervention’s impact.

Ethical Considerations

Ethical approval was obtained from an institutional review
board, ensuring adherence to guidelines for human subjects
research. Participants provided informed consent and
were assured of the confidentiality of their data. The study
team maintained transparency regarding potential risks,
such as minor discomfort during breathing exercises, and
encouraged participants to report any adverse reactions.
By following these procedures, the study sought to ensure
participant safety, data integrity, and ethical research
practices.

Hence, this structured pranayama intervention,
combined with comprehensive measures and rigorous data
analysis, was designed to explore the effects of pranayama
on lung health and quality of life among individuals with
respiratory concerns. Through these methods, the study
aimed to contribute valuable insights into the role of
pranayama as a complementary approach to respiratory
wellness.

Precautions and Medical Advice

Contraindications

Pranayama, while beneficial for most, involves specific
breathing techniques that may pose risks for individuals with
certain health conditions. The following contraindications
were established to ensure participant safety and minimize
potential adverse effects.

Pregnancy

Pregnant individuals were advised against participating in
pranayama practices involving intense or forceful breathing
techniques, such as Kapalabhati or Bhastrika. These practices
can create abdominal pressure and lead to unintended
strain on the uterus, potentially affecting fetal health
(Rakhshaee, 2011). Research suggests that while certain
gentle pranayama techniques can be safely practiced during
pregnancy, intense practices may increase the risk of uterine
contractions, particularly in later trimesters (Riley, 2004). For
this reason, modifications were recommended, focusing
on milder techniques like Anuloma Viloma (alternate
nostril breathing), which encourages relaxation and gentle
breathing without significant abdominal engagement.

Severe respiratory conditions

For individuals with severe respiratory conditions, such as
advanced chronic obstructive pulmonary disease (COPD)
or uncontrolled asthma, certain pranayama practices may
exacerbate symptoms. Forced breathing techniques, like
Bhastrika and Kapalabhati, can cause hyperventilation and
exacerbate airway constriction in these individuals (Cramer
et al., 2018). Studies indicate that intense pranayama may
lead to hypoxia and heightened respiratory distress in
individuals with significant lung limitations (Singh et al.,
2009). As a result, such techniques were contraindicated
for severe cases. Participants with respiratory diseases were
encouraged to consult their healthcare provider before
beginning any pranayama practice to determine safe
exercises tailored to their specific condition.

Cardiovascular diseases

Participants with cardiovascular diseases, such as
hypertension or heart disease, were advised against
forceful pranayama techniques due to theirimpact on blood
pressure and heart rate. Intense breathing patterns can
increase sympathetic nervous system activity, leading to
temporary spikes in blood pressure and heart rate (Harinath
etal., 2004). Since these fluctuations could be dangerous for
individuals with cardiovascular diseases, milder practices
were recommended. Techniques emphasizing calm and
steady breathing, like Anuloma Viloma, have shown to help
regulate blood pressure and support heart rate variability,
making them safer alternatives for this population (Telles
etal., 2013).

Maoadifications for Beginners, Elderly, and Individuals
with Physical Limitations

To maximize accessibility, modifications were introduced
for beginners, elderly participants, and those with physical
limitations. These modifications ensured that each
participant could safely practice pranayama without undue
strain.

Adjustments for beginners

For beginners unfamiliar with pranayama, the study
emphasized a gradual introduction to breathing techniques.
Participants were first taught to observe their natural
breathing patterns before introducing more structured
practices. This approach helped them acclimate to
pranayama without overwhelming sensations that could
arise from sudden engagement in intense techniques. Gentle
pranayama, such as Anuloma Viloma, was emphasized
initially, while Bhastrika and Kapalabhati were introduced
only after participants had established comfort with basic
techniques (Sengupta, 2012). Beginner participants were
also provided with visual aids and step-by-step instructions,
enhancing their confidence and technique proficiency over
time.
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Adaptations for elderly participants

Elderly participants were encouraged to approach
pranayama with particular caution, focusing on slow and
controlled breathing techniques. Aging-related changes in
therespiratory system, such as decreased lung elasticity and
strength, can make forceful breathing practices challenging
and uncomfortable (Khosla et al., 2009). To accommodate
these physiological changes, practices like Bhastrika and
Kapalabhati were modified to reduce the force of exhalations
and avoid sudden changes in breathing. For instance, elderly
participants were advised to practice these techniques with
areduced rate and intensity, focusing instead on rhythm and
comfort rather than speed or force. Additionally, support
was provided during seated practices to ensure stability,
and adjustments were made to avoid any pressure on the
lower back or core.

Accommodations for individuals with physical limitations
Participants with physical limitations, such as mobility
impairments or musculoskeletal issues, were given
adaptations to ensure safe practice. Certain pranayama
exercises were modified to be practiced in supportive,
comfortable postures that minimized strain, such as seated
orreclined positions. These positions enabled participants to
maintain an aligned spine and reduced the risk of muscular
fatigue or discomfort. Those with musculoskeletal issues
were encouraged to focus on breathing depth and relaxation
rather than intensity (Streeter et al., 2010). Additionally, for
individuals with limited diaphragmatic control, exercises
were structured to avoid forceful exhalations and emphasize
gentle, diaphragmatic breathing.

Importance of Proper Technique, Breathing Patterns,

and Relaxation

Proper technique is crucial in pranayama to maximize its
benefits while reducing the risk of discomfort or adverse
effects. Incorrect breathing patterns or rushed practice may
lead to symptoms such as dizziness, hyperventilation, or
increased anxiety. For these reasons, technique, breathing
awareness, and relaxation were emphasized in every
session.

Technique and breathing awareness

The foundation of effective pranayama lies in mindful
breathing and precise technique. Participants were
instructed on the mechanics of diaphragmatic breathing,
which involves expanding the diaphragm rather than the
chest. This technique has been shown to improve lung
ventilation and increase oxygenation, particularly beneficial
for individuals with respiratory concerns (Chanavirut et al.,
2006). Instructors demonstrated each pranayama technique
step-by-step, emphasizing slow, measured inhalations and
exhalations.

For example, in Anuloma Viloma, participants were guided
to inhale and exhale through alternating nostrils, using
their thumb and ring finger to close one nostril at a time.
This pattern not only regulates airflow but also balances the
autonomic nervous system, which can reduce stress and
promote relaxation (Telles et al., 2013). Participants were
reminded to maintain awareness of their breath throughout
the practice, helping them to stay present and connected
to the rhythm of their breathing.

Breathing patterns

Each pranayama technique has distinct breathing patterns
designed to stimulate or calm the respiratory and nervous
systems. However, these patterns must be tailored to the
individual’s comfort level. For instance, while Bhastrika
involves forceful breathing to stimulate respiratory muscles,
participants were advised to maintain a rhythm that felt
natural to them without strain. Instructors monitored
participants closely to ensure they were not exceeding their
limits, as overexertion could lead to hyperventilation or a
sensation of breathlessness (Jerath et al., 2006). Modifications
were also made to increase exhalation durations for those
experiencing anxiety, as longer exhalations stimulate the
parasympathetic nervous system, promoting calm (Brown
& Gerbarg, 2005).

Emphasis on relaxation

Relaxation is a core component of pranayama, as it helps
integrate the breathing practices into a state of mental calm
and physical ease. At the end of each session, participants
engaged in a 5-10 minute relaxation exercise, such as
Savasana (Corpse Pose), allowing their bodies to assimilate
the effects of the pranayama practice (Telles et al., 2011).
This final phase is particularly important for individuals
who may experience discomfort or emotional release
during breathing exercises. Relaxation after pranayama
helps reduce muscle tension, lowers cortisol levels, and
promotes a sense of well-being (Streeter et al., 2012). By
incorporating relaxation into each session, the study aimed
to support participants in experiencing the full mental and
physiological benefits of pranayama.

It shows that the precautions and modifications
implemented in this study highlight the importance
of individualized pranayama practice, particularly for
individuals with respiratory or cardiovascular concerns,
beginners, elderly participants, and those with physical
limitations. By establishing clear contraindications,
providing accessible modifications, and emphasizing proper
technique, breathing patterns, and relaxation, the study
aimed to create a safe and effective environment for all
participants. Following these guidelines allowed for a careful
balance of intensity and relaxation, ensuring participants
could benefit from pranayama while minimizing potential
risks.
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Results

This study’s findings demonstrate that the 12-week
pranayama-based intervention led to significant
improvements in pulmonary function, symptom relief,
quality of life (QoL), and physiological markers for the
participants. Each of these results highlights the potential
benefits of pranayama for lung health and overall well-
being. Data from Pulmonary Function Tests (PFTs), symptom
questionnaires, QoL surveys, and physiological measures
(oxyhemoglobin saturation and heart rate) provided
comprehensive insights into the changes observed over
the study period.

Significant Improvements in Pulmonary Function
Tests (PFTs)

Participants exhibited statistically significantimprovements
in pulmonary function as measured by Forced Expiratory
Volume in one second (FEV1), Forced Vital Capacity (FVC),
and Peak Expiratory Flow Rate (PEFR) from baseline to post-
intervention. These improvements indicate that pranayama
may positively affect lung capacity and overall respiratory
health.

Forced expiratory volume in one second (FEV1)

Mean FEV1 values significantly increased over the course of
the intervention (p < 0.01). FEV1, which measures the volume
of air forcibly exhaled in the first second, is an important
marker of both lung function and respiratory efficiency
(Pellegrino et al., 2005). The increase in FEV1 observed
suggests enhanced airflow capacity and strengthened
respiratory muscles among participants, a potential benefit
of pranayama practices like Bhastrika and Kapalabhati, which
involve forceful exhalation and engagement of respiratory
muscles (Upadhyay et al., 2008). These findings align with
previous research, suggesting pranayama can be effective
in improving expiratory power, which can be particularly
valuable for individuals with obstructive pulmonary
conditions (Singh et al., 2009).

Forced vital capacity (FVC)

The FVC, another critical measure of pulmonary function,
showed a statistically significant increase post-intervention
(p <0.01). Improvements in FVC indicate greater lung
elasticity and capacity to hold and release air, reflecting
better pulmonary expansion and the potential for enhanced
oxygen intake (Chanavirut et al., 2006). Pranayama
techniques, by promoting diaphragmatic and thoracic
muscle strength, can help increase lung volume, enabling
participants to take in and exhale more air efficiently. This
result aligns with studies indicating pranayama’s impact
on pulmonary expansion and air retention in both healthy
individuals and those with respiratory limitations (Cramer
etal., 2018).

Peak expiratory flow rate (PEFR)

PEFR values also increased significantly (p < 0.01) by
the end of the program, suggesting reduced airway
resistance and improved respiratory flow. The PEFR, which
measures the highest speed at which air can be exhaled, is
particularly relevant for assessing airflow obstruction and
bronchial strength. This improvement may reflect reduced
bronchoconstriction, possibly due to the rhythmic breathing
and breath control inherent in pranayama, which has been
found to promote bronchial dilation and ease of breathing
(Rai &Ram, 2016). Enhanced PEFR values suggest participants
had greater ease in expelling air, a beneficial factor for
individuals with asthma or COPD, where airway resistance
can be a significant issue.

Reduction in Respiratory Symptoms

Pranayama was found to be effective in reducing respiratory
symptoms, including dyspnea (shortness of breath),
wheezing, and coughing. These reductions were reported
through the standardized symptoms questionnaire,
providing insightinto the intervention’s practical effects on
participants’ daily respiratory health.

Dyspnea

The mean scores for dyspnea, or shortness of breath,
decreased significantly (p < 0.05) from baseline to post-
intervention. This improvement indicates that participants
experienced less breathlessness in their daily activities.
Enhanced FEV1 and FVC scores also support the reduced
dyspnea, as improved lung function allows for better
airflow and oxygen exchange, reducing the sensation of
breathlessness (Goyal et al., 2014). Techniques such as slow
breathing and diaphragmatic breathing in pranayama may
have helped participants regulate their breathing patterns,
reducing episodes of breathlessness even outside of practice
sessions.

Wheezing and coughing

Both wheezing and coughing scores showed significant
reductions (p < 0.05) post-intervention. A decrease in
wheezing suggests that the pranayama program may have
positively affected airway resistance, potentially by relaxing
bronchial muscles and reducing inflammation (Telles et
al., 2013). Similarly, a reduction in coughing could reflect
the cleansing effects of techniques like Kapalabhati, which
involve forced exhalation that can help expel mucus from
the respiratory tract, reducing the frequency and severity
of coughing episodes (Streeter et al., 2012). Together, these
reductions in symptoms suggest that pranayama may serve
as a valuable tool for respiratory symptom management in
both clinical and non-clinical populations.

Enhanced Quality of Life (QolL) Scores
Significant improvements were observed in participants’
QoL scores across various domains, as measured by the
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WHOQOL-BREF survey. Quality of life improvements
included physical health, psychological well-being, social
relationships, and environmental satisfaction.

Physical health domain

The physical health domain, encompassing aspects like
energy levels, mobility, and pain, saw marked improvement
(p < 0.01). As respiratory symptoms decreased and lung
function improved, participants reported increased energy
and reduced fatigue. Pranayama’s enhancement of lung
efficiency likely contributed to improved oxygenation,
supporting participants’ physical endurance and reducing
sensations of fatigue. Enhanced physical QoL aligns with the
observed improvements in FVC and FEV1, suggesting that
better lung capacity translates to increased physical vitality
and comfort (Telles et al., 2013).

Psychological well-being

Psychological well-being, another domain of the QoL
assessment, also improved significantly (p < 0.01).
Pranayama’s calming effects on the autonomic nervous
system likely contributed to a reduction in stress and
anxiety, as slow and controlled breathing practices are
known to activate the parasympathetic response, promoting
relaxation (Jerath et al., 2006). As participants learned to
requlate their breath, they reported reduced anxiety and a
greater sense of control over their respiratory health, which
may have bolstered their overall mental well-being.

Social relationships and environmental satisfaction

While the increases in social relationships and environmental
satisfaction were less pronounced, they were still statistically
significant (p < 0.05). Improved respiratory health likely
allowed participants to engage more confidently in social
settings, reducing the impact of respiratory limitations on
daily interactions. Similarly, environmental satisfaction, or
the comfort and ability to navigate one’s surroundings,
may have improved as participants experienced reduced
breathlessness and anxiety, allowing for greater enjoyment
and freedom in their environment (Sengupta, 2012).

Physiological Improvements: Oxyhemoglobin
Saturation and Heart Rate

In addition to lung function and symptom reduction,
physiological markers such as oxyhemoglobin saturation
(Sp02) and heart rate were also measured to assess the
direct effects of pranayama on participants’ oxygenation
and autonomic function.

Oxyhemoglobin saturation (Sp02)

Mean SpO2 values increased significantly (p < 0.01) over
the intervention period, suggesting improved oxygenation.
Sp02, which reflects the amount of oxygen carried by
hemoglobin in the blood, is a critical marker for respiratory
and circulatory efficiency. Enhanced SpO2 levels indicate

that pranayama may have increased the oxygen uptake
in the lungs, likely due to improved lung function and
alveolar expansion. This result aligns with previous studies
indicating that pranayama can lead to more effective
oxygen exchange, which may be particularly beneficial
for individuals with compromised respiratory efficiency
(Streeter et al., 2012).

Reduced heart rate

The mean resting heart rate of participants decreased
significantly by the end of the 12-week program (p <
0.01). Pranayama practices like Anuloma Viloma, which
emphasize slow, rhythmic breathing, are known to activate
the parasympathetic nervous system, leading to decreased
heart rate and reduced sympathetic activity (Brown &
Gerbarg, 2005). A lower resting heart rate is associated with
improved cardiovascular health, as it indicates efficient
autonomic regulation and reduced stress on the heart.
This finding suggests that pranayama may have positive
implications for cardiovascular health in addition to
respiratory function, as decreased heart rate is associated
with lower risk for cardiac events and improved resilience
to stress.

Therefore the results of this study demonstrate the
efficacy of pranayama in improving both respiratory and
broader health markers. Significant increases in PFTs,
including FEV1, FVC, and PEFR, underscore pranayama’s
potential in enhancing lung capacity and function, possibly
through the strengthening of respiratory muscles and
expansion of lung elasticity. Additionally, reductions in
symptoms such as dyspnea, wheezing, and coughing
provide practical relief for participants, making pranayama
a promising intervention for those with chronic respiratory
symptoms.

Enhanced QoL scores suggest that the physical, mental,
and social benefits of pranayama extend beyond respiratory
health to contribute positively to participants’ overall
well-being. The physiological improvements observed,
particularly increased SpO2 levels and reduced resting heart
rate, further highlight pranayama’s holisticimpact on health,
encompassing both respiratory and cardiovascular systems.

In conclusion, these findings provide robust support for
the inclusion of pranayama in respiratory health programs
and encourage further research into its benefits across
diverse populations.

Discussion

The present study highlights the positive effects of
pranayama, a form of yogic breathing, on lung health,
demonstrating improvements across various respiratory
and physiological metrics. The findings reinforce prior
research indicating that pranayama can substantially benefit
individuals with respiratory concerns by enhancing lung
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function, reducing symptoms, and improving quality of
life (Cramer et al., 2018; Sengupta, 2012). The mechanisms
behind these effects appear to be multi-faceted, including
increased respiratory muscle strength, improved lung
flexibility and capacity, enhanced oxygenation, and reduced
inflammation.

Enhanced Respiratory Muscle Strength

One of the primary findings was the increased Forced
Expiratory Volume in one second (FEV1), suggesting that
pranayama effectively strengthens the respiratory muscles.
Practices like Bhastrika and Kapalabhati require forceful
inhalation and exhalation, engaging the diaphragm and
intercostal muscles and potentially strengthening these
areas over time (Rai & Ram, 2016). Strengthened respiratory
muscles allow individuals to control their breath more
effectively and maximize airflow, even under strenuous
conditions (Upadhyay et al., 2008). This benefit can be
particularly valuable for individuals with conditions like
chronic obstructive pulmonary disease (COPD) and asthma,
where airflow limitation is a primary challenge (Singh &
Singh, 2009).

Moreover, increased respiratory muscle strength may
contribute to better endurance during physical activities
and reduce the perception of dyspnea or breathlessness,
as demonstrated in the study. By building respiratory
muscle strength, individuals gain the ability to expel air
more efficiently, leading to improved gas exchange and
decreased likelihood of air trapping in the lungs,a common
issue in obstructive lung diseases (Telles et al., 2013). The
current findings support the premise that pranayama may
be an effective, low-impact method to enhance respiratory
muscle strength, particularly for those who may not tolerate
traditional aerobic or resistance training (Chanavirut et al.,
2006).

Improved Lung Flexibility and Capacity

The increase in Forced Vital Capacity (FVC) observed in this
study highlights the potential of pranayama to improve
lung flexibility and capacity. FVC measures the amount
of air a person can exhale following a deep inhalation,
and increases in this metric suggest that pranayama
may enhance the elasticity of lung tissues and expand
lung volume (Pellegrino et al., 2005). Techniques such as
Anuloma Viloma, which involve slow, regulated inhalation
and exhalation, likely help in expanding the lungs gradually
and improving alveolar ventilation (Telles & Desiraju, 1991).
Over time, this results in better air distribution within the
lungs, helping to prevent atelectasis (collapse of alveoli) and
allowing for more complete exhalation. This effect s critical
in supporting individuals with restrictive lung conditions,
where lung expansion is often limited, and may reduce the
risk of respiratory infections by ensuring adequate alveolar
function (Streeter et al., 2012).

The improvements in Peak Expiratory Flow Rate (PEFR) also
suggest that pranayama helps to reduce airway resistance,
facilitating easier air movement in and out of the lungs.
Studies show that slow, controlled breathing exercises help
reduce bronchial resistance and increase airway patency,
allowing participants to exhale more forcefully and with
greater control (Goyal et al., 2014). This reduction in airway
resistance is beneficial for individuals with asthma, as it can
minimize wheezing and improve overall respiratory comfort.
Pranayama’s potential to improve lung capacity is in line
with previous findings that yoga practices contribute to
greater respiratory endurance and flexibility, which can be
particularly beneficial for aging populations and those with
chronic respiratory issues (Cramer et al., 2018).

Increased Oxygenation and Reduced Inflammation
Enhanced oxygenation was another notable outcome, as
evidenced by the significant increase in oxyhemoglobin
saturation (Sp0O2) levels among participants. Improved SpO2
levels indicate that pranayama promotes more effective
oxygen transfer in the lungs, a benefit that can enhance
overall physiological function. The rhythmic breathing
patterns in pranayama may facilitate better oxygen-carbon
dioxide exchange and enhance blood oxygen levels, which
are essential for metabolic functions and cognitive clarity
(Jerath et al., 2006). Practices that involve breath-holding
(kumbhaka) and deep inhalation may also help individuals
to achieve greater alveolar oxygenation by prolonging the
time air remains in the lungs, increasing the opportunity
for oxygen to be absorbed into the bloodstream (Brown &
Gerbarg, 2005).

Reduced inflammation is another significant mechanism
underlying pranayama’s benefits. Chronic respiratory
conditions are often associated with inflammation of the
airways, which contributes to symptoms like wheezing and
coughing (Sengupta, 2012). Pranayama has been shown to
decrease levels of pro-inflammatory cytokines, suggesting
that its slow, controlled breathing patterns may help
downregulate inflammatory pathways (Telles et al., 2013).
By reducing inflammation, pranayama not only alleviates
symptoms but may also reduce the progression of chronic
respiratory diseases and improve immune resilience. This
anti-inflammatory effect could be attributed to pranayama'’s
activation of the parasympathetic nervous system, which
is known to counteract the stress response and lower
inflammation in the body (Streeter et al., 2012).

Broader Implications for Lung Health and Beyond

The significant improvements in participants’ Quality of
Life (QoL) scores further suggest that pranayama can have
a profound impact on both physical and mental health. As
respiratory function improves, individuals may experience
less anxiety related to breathing, more energy for daily
activities, and a greater sense of control over their health
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(Goyal et al., 2014). This aligns with studies indicating that
pranayama may reduce psychological symptoms like stress
and anxiety, which are often prevalent in individuals with
chronic respiratory conditions (Singh & Singh, 2009). The
mental health benefits of pranayama likely stem from
its calming effects on the autonomic nervous system,
promoting relaxation and helping participants manage
respiratory symptoms with greater ease.

Additionally, the findings related to reduced resting
heart rate suggest that pranayama may have cardiovascular
benefits beyond its effects on lung health. By activating the
parasympathetic nervous system and reducing sympathetic
activity, pranayama can lower heart rate and improve heart
rate variability, both indicators of cardiovascular health
(Jerath et al., 2006). This connection between respiratory
and cardiovascular health suggests that pranayama could
be a beneficial intervention for individuals with co-morbid
conditions, such as COPD and heart disease, potentially
offering a holistic approach to managing these overlapping
health concerns (Cramer et al., 2018).

Limitations and Future Research Directions

Despite these promising findings, several limitations
should be considered. First, the study sample was limited
toindividuals aged 18 to 65 with respiratory concerns; thus,
the findings may not be generalizable to older adults or
those without existing respiratory issues. Future research
could expand the sample to include older adults, children,
and healthy individuals to assess the broader applicability
of pranayama’s benefits. Additionally, while a 12-week
intervention period was sufficient to observe measurable
changes, a longer-term study could help determine the
sustained effects of pranayama on lung health and whether
regular practice is required to maintain these benefits.

Another limitation is the reliance on self-reported data
for symptoms and quality of life, which can be subjective
and susceptible to response bias. Including objective
physiological markers such as inflammatory cytokine levels
or lung imaging in future studies could provide a more
comprehensive understanding of pranayama’s effects on
respiratory health.

Thus the study contributes to a growing body of evidence
supporting pranayama as a valuable practice for enhancing
lung health. Through mechanisms such as improved
respiratory muscle strength, increased lung flexibility and
capacity, enhanced oxygenation, and reduced inflammation,
pranayama shows promise as a complementary intervention
forindividuals with respiratory conditions. Additionally, the
observed improvements in quality of life and reductions
in cardiovascular stress suggest that pranayama'’s benefits
extend beyond respiratory function, potentially supporting
holistic health outcomes. Given these findings, integrating
pranayama into respiratory rehabilitation programs could
offer a non-invasive, accessible option for individuals
seeking to improve lung health and overall well-being.

Conclusion

This study underscores the potential of yoga, particularly
pranayama, in enhancing lung health and respiratory
function. The findings reveal significant improvements in
pulmonary function tests, symptom relief, quality of life, and
physiological markers like oxygen saturation and heart rate.
These results strongly support the integration of pranayama
as a complementary approach to traditional respiratory
care, especially for individuals with chronic respiratory
conditions. The simplicity, accessibility, and low-impact
nature of pranayama make it a practical choice for diverse
populations, including individuals with limited mobility or
exercise tolerance, thus broadening its appeal and potential
effectiveness.

One of the most promising aspects of pranayama is
its ability to strengthen respiratory muscles, increase lung
flexibility, and promote efficient gas exchange, which
collectively contribute to better respiratory health. These
improvements are not only relevant for individuals with
diagnosed respiratory conditions, such as asthma and
COPD, but may also benefit those seeking preventive health
practices. By increasing lung capacity and oxygenation,
pranayama can enhance overall stamina, reduce the
sensation of breathlessness, and improve the body’s
resilience to stress, highlighting its holisticimpact on health.

Given the promising results, healthcare professionals are
encouraged to consider pranayama as a complementary
therapy within respiratory rehabilitation programs or
general wellness practices. Pranayama can serve as an
effective, non-invasive addition to conventional respiratory
therapies, which may enhance patient outcomes and
potentially reduce dependence on medication in some
cases. This holisticapproach aligns with modern healthcare’s
emphasis on preventive and integrative care, offering an
accessible and affordable option that can be self-managed
with appropriate instruction.

Therefore, this study adds to a growing body of evidence
supporting the role of pranayama in respiratory care. Its
application as a complementary therapy has the potential
to enhance both physical and mental well-being, marking an
exciting direction in holistic health practices. As awareness
of pranayama’s benefits continues to grow, further research
and integration into clinical practice can help optimize
respiratory care and promote overall wellness.

Future Directions

Future research should explore the long-term effects of
pranayama on lung health, especially with larger sample
sizes and diverse demographics. Examining specific
pranayama techniques and their individual impacts on
respiratory parameters would be beneficial for creating
tailored recommendations. Additionally, studies focusing
on older adults and populations with severe respiratory or
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cardiovascular conditions would provide insight into the
broader applicability of pranayama. Furthermore, research
into the underlying mechanisms of pranayama, such as its
influence on inflammatory markers and autonomic function,
would deepen our understanding of how these practices
contribute to respiratory health.
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