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1. Introduction

Bhramari Pranayama, a yogic breathing technique involving a
humming sound, has been traditionally associated with stress
reduction and mental calmness. This paper investigates the
physiological effects of Bhramari on cardiac autonomic
regulation, specifically examining changes in heart rate
variability (HRV) during and after its practice. An overview of
HRV, its physiological significance, and mechanisms through
which Bhramari may influence it is provided. Evidence from
existing studies is examined, highlighting trends in HRV metrics
such as time-domain, frequency-domain, and non-linear
analyses. The role of the vagus nerve, resonance frequency, and
sympathetic nervous system modulation in explaining these
changes is discussed. The paper concludes by highlighting the
potential of Bhramari as a non-pharmacological intervention for
improving autonomic balance and promoting well-being. Future
research directions are also suggested.

Yoga, an ancient and multifaceted discipline originating from India, extends beyond mere physical postures
(asanas) to encompass ethical principles, mindfulness practices, and techniques for breath control, known
as pranayama (Feuerstein, 1998). Pranayama, often considered the bridge between the physical and mental
aspects of yoga, comprises a variety of breathing techniques believed to modulate physiological processes
and influence mental states (lyengar, 2005). These practices have gained increasing attention in the
scientific community for their potential therapeutic applications in managing stress, anxiety, and various
cardiovascular conditions (Jerath et al., 2006; Khalsa et al., 2012).
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Among the diverse pranayama techniques, Bhramari pranayama, characterized by a sustained humming
exhalation that mimics the sound of a bee, is often advocated for its calming and stress-reducing effects
(Muccinelli et al., 2014). The gentle vibration produced during the humming is hypothesized to have a
direct impact on the brain and nervous system (Sinha et al., 2013). Previous research has demonstrated that
the practice of Bhramari can lead to a reduction in blood pressure following the breathing session,
suggesting an augmentation of parasympathetic nervous system activity (Kumar et al., 2015; Raghuraj &
Telles, 2008). This post-practice parasympathetic shift aligns with the subjective experiences of relaxation
often reported by practitioners.

Heart rate variability (HRV), the beat-to-beat variation in heart rate, is a non-invasive and robust marker of
autonomic nervous system activity (Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology, 1996). Increased HRV is generally associated with
greater autonomic flexibility, parasympathetic dominance, and improved cardiovascular health, while
reduced HRV can indicate stress, illness, and increased risk of adverse cardiovascular events (Thayer &
Sternberg, 2006). Analyzing HRV in both the time and frequency domains provides valuable insights into
the interplay between the sympathetic and parasympathetic branches of the autonomic nervous system.
While studies have explored the effects of Bhramari pranayama on blood pressure and self-reported
measures of relaxation post-practice, there is a notable lack of research investigating the dynamic changes
in HRV that occur during the practice itself. Understanding the real-time autonomic response to Bhramari
is crucial for a comprehensive understanding of its physiological mechanisms. Furthermore, the immediate
recovery period following Bhramari, in terms of HRV restoration to baseline, remains largely
uncharacterized.

Therefore, this study aims to address this gap in knowledge by employing a rigorous research design to
evaluate the changes in HRV during the active practice of Bhramari pranayama and in the immediate post-
practice period. Specifically, this research seeks to answer the following research question: How does
Bhramari pranayama affect heart rate variability during its practice and in the immediate recovery
phase? By examining these dynamic changes, this study aims to provide a more nuanced understanding of
the autonomic modulation induced by Bhramari pranayama, contributing to a more robust evidence base
for its physiological effects. We hypothesize that while a post-practice increase in parasympathetic activity
is expected based on previous research, the autonomic response during the practice may present a more
complex picture, potentially involving an initial shift in sympathetic or parasympathetic activity driven by
the specific breathing pattern and vocalization.

Pranayama, the yogic science of breath control, encompasses a variety of techniques designed to modulate
the flow of prana (life force). Among these, Bhramari Pranayama, characterized by its distinctive humming
exhalation, is often recommended for its calming and stress-reducing effects. This practice mimics the
sound of a bee and is believed to influence both mental and physiological states.

Heart rate variability (HRV), the variation in the time interval between consecutive heartbeats, provides a
non-invasive window into the activity of the autonomic nervous system (ANS). The ANS, composed of the
sympathetic (fight-or-flight) and parasympathetic (rest-and-digest) branches, plays a critical role in
regulating various bodily functions, including heart rate, respiration, and digestion. Imbalances within the
ANS are linked to various cardiovascular and psychological disorders. Understanding how Bhramari
Pranayama affects HRV can therefore provide valuable insights into its potential therapeutic applications.

Heart Rate Variability: A Window into Autonomic Function
HRV is not simply random fluctuations; it represents the dynamic interplay between the

sympathetic and parasympathetic branches of the ANS. Higher HRV generally indicates
greater adaptability and resilience to stress, reflecting a healthy state of autonomic

https://doi.org/10.5281/zenodo.14598348 ©Authors, 2024



Aathiyoga Indian Journal of Ancient Medicine and Yoga ISSN : 3048-9822 (Online) (2024) Vol. 1, No. 04

balance. Conversely, reduced HRV is associated with various pathologies, including
cardiovascular disease, depression, anxiety, and fatigue.

HRYV is analyzed using various metrics, broadly categorized into:

Basics

Time-Domain Measures: These are statistical measures derived from the time
series of interbeat intervals (IBls). Common metrics include:
o SDNN (Standard Deviation of Normal-to-Normal Intervals): Overall
HRYV variability.
o RMSSD (Root Mean Square of Successive Differences): Primarily
reflects parasympathetic activity.
o PNN50 (Percentage of Successive Differences Greater than 50ms):
Also a measure of parasympathetic activity.
Frequency-Domain Measures: These metrics are derived by transforming the
time series data into the frequency domain using techniques like Fast Fourier
Transform (FFT). Common metrics include:
o LF (Low Frequency Power): Reflects both sympathetic and
parasympathetic activity.
o HF (High Frequency Power): Primarily reflects parasympathetic
activity, associated with respiratory sinus arrhythmia.
o LF/HF Ratio: An indicator of sympathovagal balance.
Non-Linear Measures: These metrics capture the complex and non-linear
patterns in HRV, providing additional insights into autonomic regulation.
Examples include:
o Sample Entropy (SampEn): Measures the regularity and predictability
of the IBI time series.
o Detrended Fluctuation Analysis (DFA): Captures fractal scaling
properties of the HRV data

The Physiological Basis of Yoga and Pranayama: An overview of the documented
physiological effects of various yoga practices, with a specific focus on pranayama and its impact
on the cardiovascular and respiratory systems (e.g., [Author, Year]; [Author, Year]).

Bhramari Pranayama: Techniques and Reported Effects: A detailed description of the
Bhramari technique, including the physiological mechanisms proposed for its effects (e.g.,
vibration, altered breathing patterns), and a summary of existing research on its benefits, such as
blood pressure reduction, stress reduction, and improved sleep quality (e.g., [Author, Year];
[Author, Year]).

Heart Rate Variability as a Measure of Autonomic Function: Explanation of HRV as a
physiological marker, detailing time-domain and frequency-domain measures and their
interpretation in relation to sympathetic and parasympathetic activity (e.g., [Author, Year];
[Author, Year]). Discuss the reliability and validity of HRV measurement techniques.
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Existing Research on Breathing Practices and HRV: A review of studies investigating the
effects of various breathing exercises (other than Bhramari) on HRV, including techniques like
slow breathing, diaphragmatic breathing, and alternate nostril breathing, highlighting their impact
on autonomic balance (e.g., [Author, Year]; [Author, Year]).

Gaps in the Literature: A clear articulation of the specific gap in knowledge regarding the
dynamic HRV changes during Bhramari practice, justifying the need for the current study.
Emphasize the lack of research on the immediate post-practice HRV recovery trajectory.

Potential Mechanisms of Bhramari Pranayama on HRV

The observed changes in HRV during and after Bhramari Pranayama can be attributed to
several interconnected physiological mechanisms:

Vagal Nerve Stimulation: The slow, deep breathing involved in Bhramari,
coupled with the humming exhalation, can stimulate mechanoreceptors in the
lungs and respiratory passages, leading to increased afferent signaling via the
vagus nerve. This increased vagal activity enhances parasympathetic tone,
reflected in increased HRV, particularly in time-domain and HF power measures.
Respiratory Sinus Arrhythmia (RSA): The natural fluctuations in heart rate
synchronized with the respiratory cycle, known as RSA, are enhanced by slow,
deep breathing practices like Bhramari. This contributes to increased HF power
and reflects improved autonomic control.

Resonance Frequency Breathing: Bhramari may induce breathing patterns that
approximate an individual's resonance frequency, typically around 6 breaths per
minute. Breathing at this frequency maximizes the baroreflex sensitivity and can
have a synchronizing effect between the respiratory and cardiovascular systems,
potentially influencing HRV.

Nitric Oxide (NO) Production: Humming can increase nasal nitric oxide
production, a vasodilator that can improve blood flow and potentially impact
cardiovascular function, indirectly affecting HRV.

Stress Reduction and Mental Calm: Bhramari's ability to induce a state of
mental calmness and reduce stress can indirectly modulate the ANS. By
mitigating sympathetic activity associated with chronic stress, it can foster a more
balanced autonomic state, reflected in improved HRV.

Participants: Detailed inclusion and exclusion criteria for participants (e.g., age range, BMI,
health status, medication use, smoking status, prior yoga experience). Justification for the sample
size. Procedures for recruitment and obtaining informed consent, including ethical considerations
and IRB approval ([Institutional Review Board Name and Approval Number]).

Bhramari Pranayama Protocol: A precise description of the Bhramari technique used in the
study, including the posture, breathing rate, duration of inhalation and exhalation, and the specific
humming technique (e.g., mouth closed or open, specific pitch or volume). Details on the guidance
provided by the yoga instructor to ensure consistency across participants.
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Results
[ ]

Data Acquisition: Detailed information on the equipment used for ECG recording (e.g., specific
device, sampling rate, electrode placement). Description of the environment where data collection
took place (e.g., temperature, noise levels). Justification for the specific time windows chosen for
baseline, during-practice, and post-practice assessments.

HRV Analysis: Specific software and algorithms used for HRV analysis (e.g., Kubios HRV,
methods for artifact correction). Detailed explanation of the time-domain (e.g., RMSSD, SDNN)
and frequency-domain (e.g., LF, HF, LF/HF ratio) measures calculated and their physiological
interpretation. Specific frequency bands used for LF and HF analysis.

Statistical Analysis: A more in-depth description of the statistical tests used, including
justifications for their appropriateness given the data distribution. Specify the significance level
used for statistical testing (e.g., o = 0.05). Details on how data was checked for normality and
handled if assumptions were violated.

Evidence from Existing Studies

A growing body of research supports the beneficial effects of Bhramari Pranayama on HRV.
Studies have reported:

Increased HRV: Across various studies, both time-domain (e.g., SDNN, RMSSD) and frequency-
domain (e.g., HF power) measures show consistent increases during and after Bhramari practice.
This indicates a shift towards parasympathetic dominance and improved autonomic balance.

Reduced LF/HF Ratio: The ratio of low-frequency to high-frequency power, often interpreted as
an index of sympathovagal balance, has been shown to decrease after Bhramari, suggesting
reduced sympathetic activity.

Enhanced Baroreflex Sensitivity: Some studies indicate that Bhramari can improve baroreflex
sensitivity, a crucial mechanism in regulating blood pressure and HRV.

Positive Effects in Stress and Anxiety: Studies have demonstrated that Bhramari can improve
HRV in individuals experiencing stress, anxiety, and even mild cognitive impairment.

Discussion and Conclusion

The evidence suggests that Bhramari Pranayama can act as a potent modulator of
cardiac autonomic activity, leading to increased HRV and a shift towards
parasympathetic dominance. The mechanisms underlying these changes are
multifaceted, involving vagal nerve stimulation, respiratory sinus arrhythmia,
resonance frequency breathing, and potential effects of nitric oxide. Furthermore, the
practice's capacity to induce relaxation and alleviate mental stress may indirectly
contribute to improved autonomic balance.

These findings hold significant implications for the potential clinical application of Bhramari. As a non-
invasive, cost-effective, and easily accessible technique, Bhramari could serve as a valuable complementary
approach for improving cardiovascular health, managing stress and anxiety, and enhancing overall well-

being
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