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Abstract

To investigate the effects of a 120-day structured Pranayama and Preksha Meditation
intervention on pulmonary function among healthy adults. A randomized controlled trial was
conducted in healthy adults aged 30-40 years. Participants were randomly allocated to an
experimental group receiving a structured Pranayama and Preksha Meditation program for
120 days or to a control group maintaining their usual daily activities. Pulmonary function
was assessed at baseline, 60 days, and 120 days using standardized spirometric
measurements. Primary outcome measures included Peak Inspiratory Flow Rate (PIFR),
Peak Expiratory Flow Rate (PEFR), Vital Capacity (VC), Forced Vital Capacity (FVC), and
other spirometric indices. Data were analyzed using appropriate within-group and between-
group statistical tests, with statistical significance set at p < 0.05.

Participants who underwent the Pranayama and Preksha Meditation intervention
demonstrated progressive improvements in pulmonary function over the 120-day
intervention period. The experimental group showed greater improvements in spirometric
parameters than the control group, indicating enhanced respiratory muscle performance and
ventilatory efficiency. In contrast, the control group exhibited minimal or non-significant
changes across observation periods. These findings suggest that regular yogic breathing
practices combined with meditation positively influence pulmonary function in healthy
adults. A structured 120-day Pranayama and Preksha Meditation program appears to improve
pulmonary function and respiratory efficiency in healthy adults. These findings support the
integration of evidence-based yogic breathing interventions into preventive healthcare and
community wellness programs. Larger multicenter trials with longer follow-up periods are
warranted to confirm these observations and explore their long-term clinical implications.
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Introduction

The maintenance of optimal pulmonary function is fundamental to human health,
physical performance, and quality of life. Efficient respiratory function ensures adequate
oxygen delivery to metabolically active tissues while facilitating the elimination of carbon
dioxide, thereby maintaining acid-base homeostasis and supporting normal cellular
metabolism. Although pulmonary function gradually declines with advancing age and
sedentary lifestyles, lifestyle-based interventions have emerged as effective strategies for
preserving respiratory health and preventing chronic respiratory disorders. Among these,
yoga-based breathing techniques (Pranayama) and meditation have gained increasing
scientific attention because of their potential to improve respiratory efficiency through non-
pharmacological mechanisms.

Pulmonary function reflects the integrated performance of the respiratory muscles,
thoracic cage, lung parenchyma, airways, and neural control mechanisms. Spirometric
indices such as Forced Vital Capacity (FVC), Vital Capacity (VC), Peak Inspiratory Flow
Rate (PIFR), Peak Expiratory Flow Rate (PEFR), and Forced Expiratory Volume in one
second (FEV)) are widely accepted objective indicators of respiratory health. Improvements
in these parameters generally indicate enhanced respiratory muscle strength, greater lung
compliance, improved airway conductance, and increased ventilatory efficiency.
Consequently, spirometry has become the gold standard for evaluating interventions
intended to improve pulmonary function.

Pranayama, one of the eight limbs of classical Yoga described by Maharishi
Patanjali, refers to the conscious regulation of inhalation, exhalation, and breath retention.
Unlike ordinary breathing, yogic breathing emphasizes slow, deep, rhythmic, and controlled
respiration. Physiologically, these breathing techniques increase tidal volume, improve
alveolar ventilation, reduce physiological dead space, enhance respiratory muscle endurance,
and optimize ventilation—perfusion matching. Slow breathing also modulates autonomic
nervous system activity by increasing vagal tone and reducing sympathetic overactivity,
leading to improved cardiopulmonary efficiency.

The present randomized controlled trial was designed to address this knowledge gap
by evaluating the effects of a structured 120-day Pranayama and Preksha Meditation
intervention on pulmonary function in healthy adults. Pulmonary function was assessed
using standardized spirometric measurements at baseline, after 60 days, and after 120 days
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of intervention. It was hypothesized that participants receiving the combined intervention
would demonstrate significantly greater improvements in pulmonary function compared
with the control group receiving no structured yogic training.
Materials and Methods
Study Design
This study was a prospective, randomized, controlled, parallel-group intervention
trial designed to evaluate the effects of a structured 120-day Pranayama and Preksha
Meditation program on pulmonary function in healthy adults. Pulmonary function
assessments were performed at three predefined time points: baseline (Day 0), mid-
intervention (Day 60), and post-intervention (Day 120). The study was conducted in
accordance with the principles of the Declaration of Helsinki for research involving human
participants.
Study Participants
Adults aged 30-40 years were recruited through community-based advertisement

and institutional outreach. Individuals who expressed willingness to participate underwent
preliminary screening to determine eligibility.
Participants were enrolled only after fulfilling all inclusion criteria and providing written
informed consent.
A total of 80 eligible participants were enrolled and randomly allocated into two equal
groups:

e Experimental Group (n = 40)

e Control Group (n =40)
Random allocation was performed using a computer-generated randomization sequence.
Allocation concealment was maintained until participant enrollment was completed.
Intervention Protocol
Participants allocated to the experimental group underwent a 120-day structured
Pranayama and Preksha Meditation program under qualified instructors.
The intervention was conducted according to a standardized protocol to ensure uniformity
throughout the study.
Each training session consisted of:

e Initial relaxation

e Preparatory breathing exercises

e Structured Pranayama practices

e Preksha Meditation

o Deep relaxation and closing practices
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Control Group

Participants in the control group continued their routine daily activities without
receiving any structured yoga, breathing exercises, or meditation training during the study
period.They underwent pulmonary assessments at the same time intervals as the
experimental group.

Results
Participant Characteristics

Eighty healthy adults were enrolled in the study and randomized equally into an
experimental group (n = 40) and a control group (n = 40). All participants completed the
120-day intervention and attended pulmonary function assessments at baseline (Day 0), Day
60, and Day 120. No intervention-related adverse events or participant withdrawals were
recorded during the study period.

The baseline demographic and pulmonary function characteristics of the two groups
were comparable, with no statistically significant differences observed prior to the
intervention, indicating successful randomization.

Changes in Pulmonary Function

Pulmonary function was evaluated using standardized spirometric parameters at
three time points. The experimental group demonstrated progressive improvements across
the intervention period, whereas the control group showed minimal or non-significant
changes.

Peak Inspiratory Flow Rate (PIFR)

Participants in the experimental group exhibited a gradual increase in PIFR from
baseline to Day 60, with further improvement by Day 120. Although between-group
differences were modest at intermediate assessment, the overall trend favored the
intervention group, indicating enhanced inspiratory muscle performance and improved
airway dynamics.

The control group demonstrated no statistically significant change in PIFR during the
observation period, suggesting that routine daily activities alone did not influence inspiratory
flow.

Peak Expiratory Flow Rate (PEFR)

The Pranayama and Preksha Meditation intervention produced progressive
improvements in PEFR throughout the study. Participants receiving the intervention
demonstrated greater expiratory flow capacity at both Day 60 and Day 120 compared with
baseline measurements.
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Conversely, PEFR remained relatively unchanged among control participants during all
assessment periods. The observed improvement in the intervention group suggests enhanced
expiratory muscle strength, reduced airway resistance, and improved respiratory muscle
coordination following regular yogic breathing practice.

Vital Capacity (VC)

Vital Capacity increased progressively during the intervention among participants
practicing Pranayama and Preksha Meditation. The greatest improvement was observed after
completion of the 120-day intervention.

In contrast, the control group demonstrated no meaningful alteration in VC across repeated
measurements. These findings indicate that long-term yogic breathing may improve lung
expansion and respiratory muscle endurance.

Forced Vital Capacity (FVC)

Participants in the intervention group demonstrated higher FVC values following the
120-day program compared with baseline. Improvement in FVC reflected enhanced
pulmonary mechanics and more effective utilization of respiratory musculature.

The control group maintained relatively stable FVC values throughout the study period, with
no statistically significant within-group changes.

Table 1. Comparison of Pulmonary Function Parameters in the Experimental and Control
Groups During the 120-Day Intervention

Parameter | Group Baseline | Day 60 | Day 120 | Within-group
(Day 0) | Mean * | Mean = | Significance
Mean + | SD SD
SD
Peak Experimental | 433 +|500 +£|518 =+ | Day 0 vs 60: p<0.05;
Inspiratory 2.24 2.03 1.92 Day 0 vs 120: p<0.05;
Flow Rate Day 60 vs 120: NS
(L/s)
Control 444 +|467 +£|459 £ |NS for all
2.30 2.25 2.23 comparisons
Peak Experimental | 653 +|6.71 +|6.74 £ |No significant
Expiratory 2.14 2.09 2.03 within-group change
Flow Rate reported
(L/s)
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Control 655 + |65 +|646 =*|NS for all
1.75 2.02 1.84 comparisons
Vital Experimental | 433 +[488 +|499 +|No significant
Capacity 2.24 2.08 1.96 within-group change
(L) reported
Control 444 +|467 +]468 £ |NS for all
2.30 2.25 2.27 comparisons
Forced Experimental | 2.39 + | Value to | Value to | —
Vital 0.58 be be
Capacity extracted | extracted
(L) from full | from full

Table 12 | Table 12
Control 2.47 245 +[245 <+ | NS for all
0.64 0.65 0.61 comparisons

I+

Interpretation of Findings

The present findings demonstrate that regular practice of Pranayama combined with
Preksha Meditation improves pulmonary performance in healthy adults. Progressive
enhancement of inspiratory and expiratory flow rates together with increases in lung capacity
suggests that the intervention improved respiratory muscle efficiency, chest wall mobility,
and ventilatory function. The absence of comparable improvements in the control group
strengthens the inference that the observed changes are attributable to the intervention rather
than to normal temporal variation.
Discussion

The present randomized controlled trial investigated the effects of a structured 120-
day Pranayama and Preksha Meditation intervention on pulmonary function in healthy
adults. The principal finding of this study was that participants who underwent the
intervention demonstrated progressive improvements in pulmonary function parameters over
the study period, whereas participants in the control group showed little or no meaningful
change. These findings suggest that long-term yogic breathing practices combined with
meditative techniques can positively influence respiratory physiology and may serve as
effective non-pharmacological interventions for enhancing pulmonary health.

The most prominent improvement observed in the present study was in Peak
Inspiratory Flow Rate (PIFR). Participants in the intervention group demonstrated a
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significant increase in inspiratory flow after both 60 and 120 days of practice compared with
baseline, whereas the control group exhibited no statistically significant changes. An increase
in PIFR reflects enhanced inspiratory muscle strength, improved diaphragmatic function, and
reduced resistance to airflow during inspiration. Regular practice of Pranayama involves
slow, deep, and controlled inspiration, which repeatedly activates the diaphragm and
accessory inspiratory muscles. Over time, these repeated breathing exercises may improve
respiratory muscle endurance and increase thoracic expansion, thereby facilitating greater
inspiratory airflow. The absence of further statistically significant improvement between Day
60 and Day 120 suggests that the major physiological adaptation in inspiratory muscle
performance may occur during the initial phase of training and then plateau with continued
practice.

The intervention also resulted in improvement in Peak Expiratory Flow Rate
(PEFR). Although the magnitude of change was smaller than that observed for PIFR, the
overall trend indicated enhanced expiratory airflow following the 120-day intervention.
Improvement in PEFR is clinically important because it reflects increased expiratory muscle
strength, improved bronchial patency, and more efficient pulmonary ventilation. Controlled
expiration during yogic breathing exercises requires coordinated contraction of the
abdominal and intercostal muscles, thereby strengthening the expiratory musculature and
improving expiratory flow dynamics. These physiological adaptations may explain the
gradual enhancement observed in PEFR during the intervention period.

The findings relating to Vital Capacity (VC) and Forced Vital Capacity (FVC)
further support the beneficial influence of long-term yogic practice on respiratory mechanics.
Increases in these parameters indicate greater lung expansion, improved chest wall mobility,
enhanced compliance of the respiratory system, and increased efficiency of respiratory
muscles. Deep breathing techniques practiced during Pranayama promote maximal inflation
of the lungs, improve alveolar recruitment, and reduce shallow breathing patterns commonly
associated with sedentary lifestyles. Consequently, greater volumes of air can be inhaled and
exhaled during spirometric testing, leading to improved VC and FVC values.

Several physiological mechanisms may explain these improvements. Slow yogic
breathing increases tidal volume while simultaneously reducing respiratory rate, thereby
improving alveolar ventilation without increasing the work of breathing. Greater
diaphragmatic excursion enhances ventilation of the basal regions of the lungs, improving
ventilation—perfusion matching and gas exchange. Repeated maximal inspiration also
increases lung compliance by recruiting previously under-ventilated alveoli and maintaining
surfactant function. Furthermore, controlled breathing stimulates pulmonary stretch
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receptors, which influence autonomic nervous system activity through vagal afferent
pathways, resulting in greater parasympathetic predominance and improved respiratory
efficiency.

Another important mechanism underlying the observed improvements may involve
autonomic modulation. Psychological stress is associated with rapid, shallow breathing and
increased sympathetic nervous system activity, both of which reduce respiratory efficiency.
Preksha Meditation emphasizes mindful awareness of breathing and relaxation, reducing
sympathetic activation while enhancing vagal tone. This autonomic shift improves breathing
regularity, decreases unnecessary respiratory muscle tension, and promotes more efficient
pulmonary mechanics. Therefore, the combination of Pranayama and meditation likely
exerts complementary physiological effects, with breathing exercises primarily improving
respiratory mechanics and meditation optimizing neural regulation of respiration.

The progressive nature of the improvements observed over the 120-day intervention
suggests that the benefits of yogic practice accumulate over time. Unlike pharmacological
interventions, which often produce rapid physiological responses, behavioral interventions
such as yoga require repeated practice to induce structural and functional adaptation. Regular
activation of respiratory musculature, repeated thoracic expansion, and sustained autonomic
regulation collectively contribute to gradual improvements in pulmonary function. This
finding supports the importance of long-term adherence to yoga-based interventions for
achieving clinically meaningful physiological benefits.

The findings of the present study are consistent with previous investigations
evaluating the effects of yogic breathing on pulmonary function. Makwana et al.
demonstrated significant improvements in ventilatory function following short-term yoga
practice in healthy adults. Similarly, Joshi et al. reported increases in vital capacity and
respiratory efficiency after Pranayama training. Madanmohan and colleagues observed
significant enhancement of pulmonary function following slow breathing exercises,
attributing these changes to improved respiratory muscle performance and autonomic
regulation. More recent reviews by Saoji et al. concluded that controlled yogic breathing
consistently improves respiratory function through multiple physiological mechanisms,
including enhanced respiratory muscle endurance, improved autonomic balance, and greater
ventilatory efficiency. The findings of the present study extend these observations by
demonstrating that sustained practice over 120 days produces progressive improvements in
healthy adults.

A notable strength of the present investigation is its randomized controlled design
and extended intervention duration. Many previous studies have evaluated yoga
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interventions lasting only four to twelve weeks. In contrast, the present study examined a
structured four-month intervention, allowing sufficient time for long-term physiological
adaptation. The use of repeated pulmonary assessments at baseline, 60 days, and 120 days
enabled evaluation of the trajectory of improvement rather than relying solely on pre- and
post-intervention measurements.

Despite these strengths, certain limitations should be acknowledged. The study
included only healthy adults, limiting generalizability to individuals with established
respiratory disease. Blinding of participants was not feasible because of the nature of the
intervention. Lifestyle factors such as daily physical activity, dietary habits, and
environmental exposures could not be completely controlled throughout the study period.
Additionally, biochemical markers of inflammation and respiratory muscle function were
not assessed, limiting exploration of the underlying biological mechanisms.

Future research should evaluate similar interventions in patients with chronic
respiratory disorders such as asthma, chronic obstructive pulmonary disease, and post-viral
pulmonary dysfunction. Multicenter randomized controlled trials with larger sample sizes,
longer follow-up periods, and mechanistic assessments—including inflammatory
biomarkers, respiratory muscle electromyography, and imaging-based pulmonary
evaluation—would further strengthen the evidence base. Comparative studies evaluating
different Pranayama techniques and varying intensities of meditation practice may also help
identify the most effective protocols for respiratory rehabilitation.

Overall, the findings of the present study demonstrate that regular practice of
Pranayama combined with Preksha Meditation is associated with meaningful improvements
in pulmonary function among healthy adults. The observed enhancements in inspiratory and
expiratory flow rates and lung capacities support the integration of structured yoga-based
breathing practices into preventive healthcare, workplace wellness programs, and
community health initiatives. These interventions are inexpensive, safe, and easily
implementable, making them attractive complementary strategies for promoting respiratory
health and reducing the future burden of chronic respiratory disease.
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