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Abstract

Pranayama exercises, or controlled breathing techniques, have a rich history in yoga philosophy.
These practices connect breath and mind, affecting the autonomic nervous system (ANS) and
impacting heart rate, blood pressure, and oxygen consumption. Studies indicate that pranayama can
enhance respiratory function by increasing lung volumes, reducing airway resistance, and improving
gas exchange. It also benefits the cardiovascular system, lowering heart rate and blood pressure while
increasing stroke volume and cardiac output. Pranayama balances sympathetic and parasympathetic
ANS branches, with immediate effects varying by technique. This overview explores pranayama's
benefits for respiratory and cardiovascular health, implications for disease prevention, and

emphasizes the importance of these findings. (Avinash Saoji et al., 2018)
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1. Introduction

Pranayama, the traditional Indian practice of breath control, has been associated with autonomic
regulation, including heart rate variability, blood pressure, and gas exchange. Systematic review
and meta-analysis were conducted to quantify pranayama’s effects on respiratory and
cardiovascular function. The studies considered for inclusion examined yogic breath regulation as
isolated intervention and investigated outcomes before and after practice. Sixty-six articles were
selected. Relevant physiological adaptations and population-based outcomes were assessed to
validate links between breath control, disease risk, and health promotion (Avinash Saoji et al.,

2018).
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2. Historical and Conceptual Background

Pranayama, the regulation of breath in Yoga practice, refers to methods that involve the voluntary
control of inhalation, exhalation and retention of breath. Its name derives from the Sanskrit words
“prana”, meaning life force and “ayama”, meaning control.177 Evidence from both Yoga tradition
and contemporary research implicates Breath Control as an activity with potential effects on
regulation of cardiovascular and respiratory functions through influence on the autonomous
nervous system (ANS);178, 179 there are also indications that some forms of Pranayama may
improve these functions.180 Given this context and the rapidly growing popularity of Pranayama
practice, the aims of this paper are to synthesise knowledge of the physiological mechanisms and
clinical evidence supporting Cardiovascular and Respiratory benefits associated with Pranayama,
in order to develop specific recommendations for the implementation of such practice. Following
this Introduction, the paper proceeds to consider the Historical Background on Pranayama and its
conceptual linkage to cardiovascular and respiratory functions; subsequently, the Physiological
Mechanisms involved are examined, together with an overview of the Clinical Evidence regarding
related health conditions. The paper concludes with a summary of the common forms of
Pranayama, guidance on their safe and effective implementation, and the potential health benefits
that may be conferred.

3. Physiological Mechanisms

Pranayama breathing involves the conscious manipulation of the biomechanical components of
respiration and accompanying modulations of breath timing, volume, pattern, and frequency.
Research indicates that pranayama practice profoundly affects cardiovascular and respiratory
functions as well as the modulation of key parameters of the autonomic nervous system. It has
been proposed that pranayama practice could improve respiratory and cardiovascular functions
and enhance the understanding of the mechanisms through which pranayama exercise influences
these systems.

Several changes in respiratory function occur as a result of pranayama practice. Although the
specific effects depend on the style of pranayama, breath control influences thoracic mechanics
and chest wall compliance. Modulation of lung volumes, airway resistance, gas-exchange
efficiency, and ventilation—perfusion matching also occurs with pranayama breathing. The heart
responds by altering parameters such as heart rate, blood pressure, stroke volume, and cardiac
output both during and after practice. Reports of improved endothelial function, reduced arterial
stiffness, and enhanced hemodynamic modulation indicate additional cardiovascular benefits. The
balance between the sympathetic and parasympathetic branches of the autonomic nervous system

shifts toward the latter, yielding changes in heart-rate variability and baroreflex sensitivity.



In numerous studies, measurable benefits in respiratory and cardiovascular function have been
documented in diverse populations. Improvements in respiratory rate, tidal volume, and
diaphragmatic strength along with enhanced exercise tolerance accompany pranayama training. In
the cardiovascular domain, reductions in blood pressure, hypertensive risk, myocardial oxygen
demand, and vascular-reactivity parameters have been observed. Considerable variability in
observed effects exists as a function of age, sex, health status, and baseline fitness, pointing to the
importance of fully characterizing the physiological responses elicited by different modalities of
pranayama training (Ravinder et al., 2006) (Mondal, 2024).

3.1. Respiratory System Adaptations

Pranayama is a series of breathing practices designed to influence breath rate, depth, rhythm, and
pattern and, consequently, respiratory and cardiovascular function. Several breathing exercises,
such as prolonged expiration, mind-brain respiration, nostril alternate respiration, and the practice
of breathing solely through one of the nostrils, aim to achieve specific physiological objectives by
modulating inhalation, exhalation, or both. Prolonged voluntary expiration, for example, has been
demonstrated to decrease respiratory frequency and increase tidal volume and gas exchange
efficiency. The physiological impact of pranayama on lung ventilation is overseen by pulmonary
proprioceptors and central chemoreceptors, which detect changes in gases. Breathwork has been
shown to influence various thoracic-wall characteristics. Movement of the thoracic wall towards
the abdomen during inhalation and ceasing after a tactile stimulus, along with tactile stimulation
elsewhere, are recognized as crucial components of breath-control mechanisms. Several
pranayama techniques emphasize thoracic-wall lift targeting areas such as the sternum and ribs
during inspiration, in addition to other influences on rib patterns. Stroke-volume variables indicate
that breath-control exercises modulate thoracic mechanics, which may also influence chest-wall
compliance.

The effects of pranayama on cardiovascular and respiratory function, together with research
questions and hypotheses guiding an exploratory review of the intervention’s physiological,
clinical, and educational aspects, enhance the body of knowledge on mind-body practices
associated with yoga. Pranayama exercises are characterized as methods or techniques of specified
practice oriented towards a clear and pragmatic objective (Avinash Saoji et al., 2018).

3.2. Cardiovascular Responses

The most common physiological changes in the cardiovascular system due to pranayama practice
include reduced heart rate, blood pressure, and myocardial oxygen demand. Similar physiological
responses also occur with meditation, but evidence indicates they occur to a greater degree during

pranayama (F Santaella et al., 2011) ; (Goyal et al., 2014). Regular practice may also decrease



vascular reactivity following an acute stressor in previously stressed and healthy individuals.
Overall, pranayama may support cardiovascular health by transiently reducing the forces involved
in blood propulsion, and by inducing lower levels of central drive to - and modulation of - heart
rate, based on peripheral support.

A typical arterial pressure response is first a rapid drop in systolic and diastolic pressure, stabilizing
within a range above baseline and followed by a gradual return to baseline. Total heart volume
increases during the breath hold at full inhalation, countering the cardiodepressive influences of
protracted expiration. The kinetics of cardiopulmonary modulation curves following breath
regimens are also similar in elderly subjects and the general population;.

3.3. Autonomic Nervous System Modulation

There is an emerging body of research supporting the notion that pranayama influences the activity
of the autonomic nervous system (ANS) and the stress response. The ANS is a component of the
peripheral nervous system that regulates involuntary bodily functions such as heart rate,
respiration, digestion, urination, sexual arousal, and salivation. The ANS is traditionally divided
into the sympathetic and parasympathetic divisions. The sympathetic division prepares the body
for fighting or fleeing from threats and thus supports the body’s ability to manage physical stress.
The parasympathetic promotes activities that occur during rest and is conducive to recuperation
(Ravinder et al., 2006).

Pranayama has been shown to shift the ANS toward the parasympathetic. The immediate effects
of specific paradigms include increased heart rate variability, presence of high-frequency
oscillations in heart beats, increased baroreflex sensitivity, and reduced postprandial heart rate
acceleration. Heart rate variability has been further described as an indicator of how much
physiological freedom potential is available to any system: the more flexible and adaptable the
internal organs, the higher the reserve available in relation to external demands.

4. Evidence from Clinical Studies

Various physiological and clinical investigations have reported potentially cardiovascular and
respiratory benefits of pranayama. Effects on objective respiratory parameters, including
respiratory rate, tidal volume, diaphragmatic strength, and exercise tolerance, have been assessed
both during practice and following training. The evidence supports improvements in pulmonary
function and ventilatory efficiency (Avinash Saoji et al., 2018).

Pranayama is associated with several cardio-circulatory adaptations. On an acute basis, several
studies indicate reductions in systolic and diastolic blood pressure, heart rate, myocardial oxygen
demand, and stroke volume, along with improved endothelial function, vascular reactivity, and

arterial stiffness. Longer-term practice seems to reduce hypertensive risk, with one investigation



reporting an immediate decrease, greater among regular practitioners, followed by a significant
residual effect after training. Overall, the findings indicate pranayama modulates vascular and
cardio-circulatory parameters. Effects on these and other parameters appear heterogeneous
depending on practiser characteristics such as age, sex, health status, and initial fitness. Studies
have varied considerably in methods, breath-pattern prescriptions, and intervention durations;
while most have addressed healthy subjects, a limited number have investigated pranayama’s
effects on relevant categories of breath disorders.

4.1. Respiratory Outcomes

Pranayama, commonly described as controlled or regulated breathing, originated in yogic
traditions and can be broadly defined as a specific type of controlled breathing practice (Sunil
Hakked et al., 2017). Bhastrika pranayama is a common form in which air is vigorously inhaled
and exhaled through the nose; another frequently taught variant is Nadi Suddhi pranayama, which
involves prolonged inhalation followed by prolonged exhalation, typically with alternate nostril
breathing (F Santaella et al., 2011). Interventions emphasizing pranayama practices have been
studied in therapeutic contexts among patients with cardiac disease, elevated blood pressure, and
chronic obstructive pulmonary disease. During the COVID-19 pandemic, objective measurement
of breathing change by analysts has been increased by remote engagement to explore improvement
with pranayama. Assessment across different age ranges indicates improvement among both
sedentary and active individuals.

4.2. Cardiac and Vascular Outcomes

Pranayama techniques produce various cardiac benefits, including a reduction in resting blood
pressure. Although reported decrements are mostly modest, they could be clinically meaningful,
as population studies indicate even small decreases lower the risk of cardiovascular events (Goyal
et al., 2014). Changes in diastolic pressure persist longer after practice than those in systolic or
heart rate (F Santaella et al., 2011). Pranayama also lessens myocardial oxygen demand and may
help control the cardiovascular response during physical exercise. The potential to optimize
vascular function is further indicated by an increase in reactivity to hypercapnia and by
improvement of maximum and minimum pulse-wave velocity.

4.3. Population Diverse Findings

Pranayama exercises lead to diverse findings among differing population segments, including
variations in efficacy based on age, sex, health status, and baseline fitness levels (F Santaella et
al., 2011). Researchers observed significantly heterogeneous responses across studies and
participants. Several methodological factors may influence the relevance of the findings;

combining interventions, for instance, might create confounding effects (Goyal et al., 2014).



5. Pranayama Practices and Protocols

Pranayama is defined as the conscious interruption of inhalation, exhalation, or retention of breath.
Its relevance to the heart and the respiratory system arises from a theoretical conceptualization that
attributes the physiological and psychological effects of breathing control to alterations of the
autonomic nervous system (ANS) (Avinash Saoji et al., 2018). A compelling body of literature
has documented breathing practices that change the autonomic-cardiac domain in a manner that is
thought to confer beneficial effects on both cardiac health and respiratory function. The present
review characterizes the central elements of this literature, focusing on defined pranayama
exercises, proposed underlying mechanisms, and related clinical studies.

The proposed ANS effects are achieved with three widely-adopted approaches to breath
modulation: extended exhalation; breathing through one nostril at a time (alternate nostril
breathing); and combination protocols that blend several forms of breath modulation together in a
systematic way. Respiratory and cardiovascular training protocols covering these breath
modulation approaches have been adopted for a variety of yoga traditions and have been offered
as stand-alone programmes outside the yoga setting. Their common purpose is to support a
stabilizing shift in the functioning of the ANS and in its influence on the heart that is believed to
favour cardiovascular and respiratory health. Sessions of 20 to 60 minutes, taken one to seven
times per week, are typical, although even brief practices appear to provide some benefit. An initial
focus on breath modulation of low or moderate complexity, accompanied by monitoring of
cardiovascular parameters, is advised. Standard contraindications include severe respiratory or
cardiovascular disease, terminal illness, conditions that may cause breathlessness, and a recent
heart attack or stroke.

5.1. Common Techniques and Breath Modulations

Pranayama incorporates diverse techniques designed to modulate the frequency, depth, and timing
of breathing. Typical breath modulations include prolonged exhalation, breath-hold phases, and
various voluntary rhythms and cycles. Many practitioners report that yoga and pranayama
exercises promote relaxation, contribute to well-being, and foster recovery after physical exertion.
Such effects may be induced via vestibular pathways in a manner analogous to heart-rate responses
elicited by music. Contemporary surveys suggest that among numerous modalities, sustained (very
long) controlled inhalation, prolonged (very long) controlled exhalation, alternate nostril
breathing, and breath-holding at either extreme exert prominent influence on cardiovascular and
respiratory function (Avinash Saoji et al., 2018).

Breathing rate is commonly modulated to 1-8 cycles and up to 60 cycles per minute; extra-

corporeal breath-holds may reach several minutes. In prolonged-inhalation techniques, average



inhale—exhale ratios from 1:1 to 1:5 are reported; prolonged-exhalation practice displays ratios
from 1:1 to 1:10; and alternate-nostril breathing centres on equal 1:1 ratios. Typical durations
range from 5—40 seconds, tending to increase with practice.

5.2. Training Parameters and Safety Considerations

Individuals may practice pranayama daily, several times a week, or weekly, depending on their
schedules. Uninterrupted sessions usually last 10 to 20 minutes, although longer durations can
facilitate adaptations (Yamamoto-Morimoto et al., 2019). Following simple introductory
techniques, practitioners often increase their breath-holding time, still ensuring comfort and safety.
Ultimately, practitioners commonly strive to maintain longer retention, control shorter breath-
holding durations, or modulate other aspects (F Santaella et al., 2011).

Pranayama remains contraindicated for specific conditions; practitioners with those conditions
may safely benefit from other approaches. However, when practicing pranayama, individuals
should monitor their own or others’ behaviors. The state of engagement with breath exercises,
especially apparent during retention, varies considerably among individuals; observing warning
signals and impulsive behaviors reflects mindful awareness and prevents excess practice.
Enhanced awareness also represents the main goal of hatha yoga training and encompasses all
breathing modulation methods. Depending on breath exercise type, training often links to specific
attitudes and physiological objectives; these vary over time and among individuals.

6. Practical Implications for Health and Disease Prevention

Drawing on earlier sections—from the historical roots and conceptual underpinnings of pranayama
to physiological, clinical, and practice-related dimensions—one can extract several practical health
implications. The collective evidence suggests influences on respiratory and cardiovascular
systems with which the general public should be familiar. Safe training parameters and potential
adverse effects have also been noted. Such insights lend themselves to articulating health-related
risk factors, routine practices, and lifestyle observations that may complement formal
recommendation schemes.

The consistent heart-related findings across differing yet complementary studies point to
autonomic regulation as a key mediating function. Regular pranayama practice under diverse
conditions appears to decrease overall cardiovascular load and exert a protective effect against
stressors associated with sleep, task, or seasonal changes. Given these benefits, the role of
breathing exercises in establishing and maintaining a flexible, healthy heart might well warrant
particular emphasis. Such exercises have been shown to support expanded lung function
(Thirumenil Sivapriya D V1* Suba Malani S2,2010) , and comparable suggestions could be made

for further enhancing respiratory function more generally (Yamamoto-Morimoto et al., 2019).



7. Limitations and Gaps in the Literature

Evidence gathered from the relevant literature reveals several limitations and gaps in research on
the cardiovascular and respiratory effects of pranayama. Many studies describe the physiological
impact of pranayama, yet few have investigated specific modifications in respiratory and
cardiovascular autonomic function elicited by commonly practised techniques. Prominent research
efforts have examined the influence of different pranayama techniques on such autonomic
parameters (Avinash Saoji et al., 2018). In many of these investigations, however, the exercise
aims remained ambiguous. The very characterization of pranayama is sometimes uncertain,
encompassing both the act of breath control and its retention in the breath cycle.

Substantial heterogeneity in procedures and practices also exists across different articles, which
fail both to document specific techniques and to summarize their basic characteristics in systematic
reviews (Yamamoto-Morimoto et al., 2019). For example, although many protocols prescribe
particular permutations of inhalation, retention, and exhalation to different ratios (e.g., 1:1:2), few
investigations have specified these parameters even in a list alongside the methods. Interaction
with concurrent activities such as postures or meditation also varies—for instance, whether
pranayama occurs singly or concomitant with asana. Such diversity extends to breathing rates,
training frequencies, and supraphragmatic engagement, with any combination of these factors
potentially modulating autonomic outcomes. The combination of these gaps restricts the
advancement of understanding concerning cardiovascular and respiratory advantages associated
with pranayama.

8. Future Research Directions

Research is warranted on physiological and clinical effects of pranayama on heart and respiratory
systems. Future studies should evaluate the cardiovascular and respiratory impact of various
techniques, positions, populations, and durations. Outcome measures for cardiovascular and
respiratory responses, well-being, stress and anxiety, yoga experience, and body awareness should
also be considered (Mondal, 2024). Along with cardiovascular responses, breath patterns and their
influence on diaphragmatic activity, thoracic expansion, and muscle involvement merit
investigation. Additional research is called for on the influence of postures, techniques, and breath
modulation on breath-hold time, pulmonary function, and the benefits of mind—body approaches
on health status and well-being (Avinash Saoji et al., 2018).

Certain yogic breathing activities contribute directly to physical fitness through specific actions
like thoracic stamina or diaphragmatic strengthening. As pranayama increasingly attracts attention
for its health benefits, the range of pragmatic study designs could yield valuable insights.

9. Conclusion



Despite limited exposure to mechanisms and underlying pathophysiology, the systemic
cardiovascular and respiratory adaptations detailed may be of importance for diseases such as
hypertension and asthma that have global clinical and epidemiological implications. The combined
physiological and clinical examination increases the relevance of pranayama exercises in relation
to public health and disease prevention. Experience across diverse populations supports the
assertion that pranayama has numerous physiological and clinical benefits. Future clinical research
establishing the presence and strength of effects across various populations, protocols, and
outcome measures would enhance understanding of the overall impact of pranayama. Such
investigation may naturally extend to other possible benefits of pranayama practice that remain
unexplored. For instance, the influence that altered respiratory and autonomic parameters exert on
exercise capacity, obesity, and stress warrants particular attention, especially given their potential
relevance to metabolic syndrome (Avinash Saoji et al., 2018).
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