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ARTIGO ORIGINAL

Effect of Brainwave Entrainment on Brainwave
Frequency Spectrum and Heart Rate Variability

Efeito do arrastamento de ondas cerebrais no
espectro de frequéncia de ondas cerebrais e
na variabilidade da frequéncia cardiaca

ABSTRACT

Introduction: Brainwave entrainment (BWE) is a method that uses
external stimuli, such as sounds, lights, or vibrations at specific fre-
quencies, to guide the brain into specific brainwave patterns and sta-
tes of consciousness. BWE has gained importance in reducing stress,

anxiety and restoring sleep.

Objectives: The aim of this study was to evaluate the effect of BWE on Heart
rate variability (HRV) and Brainwave Frequency Spectrum (BES).

Material and methods: Audio-visual BWE sessions were conducted
(n=20) using an BWE device and cell phone application (the Brain-
Tap® headset and app). The sessions entailed background music, gui-
ded slow deep breathing (SDB), and audio BWE through binaural be-
ats and isochronic tones oscillating from 18 to 0.5 Hz, as well as visual
entrainment through light-emitting diode lights at 470 nanometers
(nm) flickering at 18 to 0. 5 Hz. HRV and BFS were measured befo-
re and during the BWE sessions. BFS was assessed by an advanced

neuro-fractal analysis.

Results: BWE sessions triggered a state of heightened focus (indicated
by increased gamma and beta activity), as well as participants remai-
ning alert and relaxed (marked by increased alpha waves). The study

also recorded an increase in the Low Frequency (LF) power of HRV.

Final considerations: This finding suggests that these changes may be
vagally mediated. Also, guided SDB might temporarily modulate HRV
and act as a physiological method to tap into the cardio-vagal reserve.
This study implies that BWE has potential benefits for cardiovascular

autonomic regulation.

Keywords: Brainwave Entrainment. Brain waves. Heart Rate Variabi-

lity. Brainwave frequency spectrum.
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RESUMO

Introdugdo: Arrastamento de ondas cerebrais (BWE) é um método que usa estimulos externos, como sons, luzes
ou vibragdes em frequéncias especificas, para guiar o cérebro em padrdes especificos de ondas cerebrais e estados
de consciéncia. O BWE ganhou importancia na redugio do estresse, ansiedade e na restauragio do sono.
Objetivos: O objetivo deste estudo foi avaliar o efeito do BWE na Variabilidade da Frequéncia Cardiaca (HRV)
e no Espectro de Frequéncia das Ondas Cerebrais (BES).

Material e métodos: Sessdes audiovisuais de BWE foram conduzidas (n=20) usando um dispositivo de BWE e
um aplicativo de celular (headset e aplicativo da Braintap®). As sessdes envolviam musica de fundo, respiracdo
profunda lenta guiada (SDB) e BWE por meio de batidas binaurais, tons isocronicos e luzes emitidas por um
diodo (470 nnm) oscilando de 18 a 0,5 Hz. HRV e BFS foram medidos antes e durante as sessdes de BWE. BFS
foi avaliado por andlise neuro-fractal avangada.

Resultados: As sessdes de BWE desencadearam um estado de foco intensificado (indicado pelo aumento da
atividade gama e beta), enquanto os participantes permaneceram alertas e relaxados (marcado pelo aumento
de ondas alfa). O estudo também registrou um aumento na poténcia de Baixa Frequéncia (LF) da HRV.
Consideragdes finais: Estes achados sugerem que essas alteragdes podem ser mediadas pelo nervo vago. Além disso,
SDB guiada pode modular temporariamente a HRV e atuar como um método fisioldgico para explorar a reserva

cardio-vagal. Este estudo implica que o BWE tem beneficios potenciais para a regulagdo autonomica cardiovascular.

Palavras-chave: Arrastamento de ondas cerebrais. Ondas encefalicas. Variabilidade do batimento cardiaco.

Espectro de frequéncia de ondas cerebrais

INTRODUCTION

Brain entrainment is a phenomenon in which the
brain waves synchronize with external stimuli. This
synchronization happens when brain waves are inten-
tionally manipulated to match an external stimulus:
visual, such as flashing lights, or auditory, like pulsa-
ting tones. This effect is also referred to as “brain en-
trainment,” “audio-visual entrainment,” “audio-visual
stimulation (AVS),” “auditory entrainment,” or “photic
stimulation'. This process works because the brain has
a natural propensity to adjust its dominant frequency
to align with the rhythm of external periodic stimuli, a
principle called frequency following response”.
Studies have shown that brainwave entrainment
(BWE) can improve subjective ratings of sleep and
wakefulness quality, sleepiness, and motivation, no-
tably, in a study conducted with young elite soccer
players®’. BWE has also been associated with a de-
crease in migraine frequency*, significant improve-
ment in attention’, reduced anxiety levels®”’, lessened
confusion/bewilderment, fatigue/inertia, and an
increase in vigor/activity®. Furthermore, heart rate

variability (HRV) has also been shown to improve’.
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Brain waves, specifically delta and alpha waves, gen-
erally follow a circadian rhythm, helping maintain ho-
meostasis in the brain. However, this homeostasis can be
impaired in certain individuals, causing biological dys-
function. To reestablish this balance, BWE may be used
to balance target brainwaves. Neurofeedback works on
similar principles, albeit through a self-mediated ap-
proach, and doesn'’t require any external stimulus".

Brainwave patterns are typically divided into five
different categories or frequency ranges. Each asso-
ciated with different states of consciousness, by tar-
geting these specific frequencies, BWE is intended
to induce such states:

» Delta Waves (0.5-4 Hz): Delta waves are the slowest
brainwaves, typically associated with deep, dream-
less sleep and healing. Delta brainwaves are prevalent
during deep meditation and restorative sleep'.

» Theta Waves (4-8 Hz): Theta waves are associated with
light sleep, deep relaxation, and are prominent during
dream states and deep meditation. Theta waves can
also be connected to creativity, intuition, daydrea-

ming, and recalling emotions and sensations'".
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» Alpha Waves (8-12 Hz): Alpha waves are linked to a
state of wakeful relaxation. These waves are dominant
during quiet, reflective moments, enhancing creativi-
ty and reducing depressive symptoms. Alpha states
are often associated with mindfulness meditation'.

» Beta Waves (12-30 Hz): Beta waves are associated
with a state of awake alertness, logical thinking,
and problem-solving. Prolonged presence of beta
waves may lead to stress and anxiety".

» Gamma Waves (30-100 Hz): Gamma waves are
associated with high-level information processing
and consolidation of information. These waves are

linked to consciousness, peak focus, and learning*.

Recent studies have highlighted the significance
of AVS of the brain for a variety of purposes, including
enhancing focus, reducing stress, augmenting creativ-
ity, and managing symptoms of conditions like anxiety,
depression, and attention deficit hyperactivity disorder
(ADHD)">*"'617_ However, the evidence supporting these
interventions is not fully established, and there are only
a few studies on brain entrainment, especially in India.
In this context, this paper aimed to research the effect of

BWE on HRV and Brainwave frequency spectrum (BES).

MATERIAL AND METHODS

Study design

This study was a cross-sectional pilot study conducted
in the All-India Institute of Medical Sciences (AIIMS),
Bhopal - India. The study was structured around a
cohort of 20 participants using a purposive sampling
method. After due consideration of the Research Re-
view Board of AIIMS Bhopal and detailed discussions
in the ethics committee, the Institutional Human Eth-
ics Committee (IHEC) AIIMS Bhopal granted permis-
sion to carry out this project vide LOP No. IM0425.

Selection criteria

The study’s participants included individuals of any gen-
der who were 18 years or older. Participants had no prior
experience with BWE. Furthermore, participants had
no hearing disabilities, no severe physical illnesses, were
not taking prescribed medications for psychiatric condi-

tions, and were not pregnant at the time of the study.
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Procedure

Initially, written informed consent was obtained from
all participants. Subsequently, they filled out a ques-
tionnaire that sought information about their per-
sonal habits and self-perceived stress levels. Follow-
ing this, each participant was provided with an
audio-visual BWE Device (BrainTap® headset -
Braintap INC,New Bern,NC, USA), which they were
instructed to use in accordance with the guidelines
of the cell phone application that operates the device
(BrainTap® PRO App - Braintap INC, New Bern, NC,
USA). Participants did a twenty minutes alpha/theta
session. The sessions entailed background music, guided
slow deep breathing meditation (SDB), and audio
BWE through binaural beats and isochronic tones
oscillating from 18 to 0. 5 Hz, as well as visual en-
trainment through light-emitting diode lights at 470
nanometers (nm) flickering at 18 to 0.5 Hz. HRV.
HRV analysis and BFS were conducted with
a NeuralChek Device (BrainTap® INC, NC, USA)
before and during a BWE sessions as observed in
Figure 1. The software and hardware meet the stan-
dards of measurement, physiological interpretation,
and clinical use of cardiac intervalometer indices,
adopted by the European Society of Cardiology and

North American Association of Electrophysiology.

Figure 1 - Participant using the BWE device while
HRV and BFS assessment is conducted.
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HRV assessment is conducted with the participant
sitting down with an electrode placed on each wrist
and connected to a laptop with the NeuralChek soft-
ware installed (BrainTap® INC, New Bern, NC, USA)
as observed in Figure 1. The software calculates heart
rhythm oscillations using spectral analysis. BES was as-
sessed by an advanced neuro-fractal analysis that uses
a mathematical algorithm extracted from electrocar-
diogram signals to estimate brainwave activity.

Baseline measurements for the subjects were
taken over a period of 5 minutes. An identical 5-min-
ute recording was then made during the BWE ses-
sion. Various parameters of the autonomic nervous
system were recorded, specifically High Frequency
(HF), Low Frequency (LF), Very Low Frequency
(VLF), and the LF/HF ratio. These measurements
were subsequently transferred to a Microsoft Excel®

spreadsheet for data cleaning and in-depth analysis.

Statistical analysis

Data from the Microsoft Excel® spreadsheet were
cleaned for empty cells,and all continuous data were
represented as means and standard deviations. All
data were de-personalized and transferred to SPSS®
version 27 for further analysis. A paired t-test was
performed to analyze the effect of the specified au-
tonomic function parameters and brainwaves befo-
re and during the BWE sessions. P values lower than

0.05 were considered statistically significant.

RESULTS

All the recorded parameters were tabulated. The ses-
sion induced an overall increase in lower-frequency
waves with reduced heart rate (indicated by the RR
interval). Table 1 shows a tabular representation of

all observed parameters.

Table 1 - Effect of Brainwave Entrainment on BES waves and HRV Parameters.

Mean Value Standard Deviation
Parameters df t P value Pre During Pre During
Delta 20 7.59 <0.00001 65.5 30.4 8.02 19.03
Theta 20 -0.78 0.438109* 13.25 15.65 1.33 13.63
Alpha 20 -4.27 0.000124 11.25 29.5 4.37 18.59
Beta 20 -3.87 0.000406 7 18.9 4.23 13.05
Gamma 20 -5.01 0.000013 2.75 7.15 1.33 3.68
Cervical 20 -5.46 <0.00001 30.5 64.1 7.62 26.43
Thoracic 20 -3.92 0.000349 32 59.5 10.90 29.34
Lumbar 20 -4.38 0.000088 44 67.75 10.48 21.81
Sacral 20 -4.23 0.00014 325 58.95 10.89 25.72
Coccygeal 20 -4.55 0.000052 36.25 63.1 9.12 24.71
LF% 20 -4.84 0.000021 24.5 53.6 7.89 25.64
HF% 20 2.14 0.038245 27.25 17 6.38 20.37
VLF% 20 511 <0.00001 48.25 29.35 6.70 15.08

Time domain
Mean heart rate (bpm) 20 0.96 0.342928% 85 82.55 6.02 9.68
SDNN (ms) 20 -4.16 0.00017 29.95 46.205 3.11 17.15
PNN50 (%) 20 -2.74 0.009175 2.25 5.9 2.22 5.51
RMSSD (ms) 20 -2.25 0.30192* 21.45 25.595 4.38 6.96
Frequency domain

Total power (ms?) 20 -3.35 0.001813 815.85 2085.7 154.75 1685.88
HF (ms?) 20 2.33 0.24711* 230.5 160.9 93.41 94.79
LF (ms?) 20 -4.26 0.000127 172.25 1577.55 47.59 1472.59
VLF (ms?) 20 -1.04 0.300528* 427.75 512.65 112.09 343.93
HF Power (nu%) 20 6.47 <0.00001 53.6175 19.08 11.37 20.96
LF power (nu%) 20 -7.13 <0.00001 43.9475 80.999 10.23 20.83
LF/HF ratio 20 -4.29 0.000117 0.835 12.923 0.29 12.58

df - degree of freedom, t - distribution is used to calculate the p value, * - not significant at p>0.05.
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HRV frequency results are also presented in
Figure 2, which is possible to observe an increase
in Total Power, LF (ms? and nu%) and LF/HF ra-
tio during the BWE session. Accompanied by a
decrease in HF (ms®* and nu%). No significant

changes were observed in the VLF parameter. Fig-

ure 3 shows the power results for HRV, in which a
reduction in VLF (%) can be observed. There were
no significant statistical changes in the mean heat
rate of participants, however there was an increase
in SDNN, pNN50 and RMSSD time domains, as

shown in Figure 4.

Figure 2 - Frequency results for HRV. Audio BWE session was effective in changing HRV parameters.
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Each point represents the mean of 20 participants and uations. Statistical analysis was performed by t-test. NS — not
vertical lines show the SEM. The Symbol * denotes a signifi- statistically significant; BWE -Brainwave entrainment; HRV -

cant difference of *P<0.05 when compared to pre session eval- Heart rate variability; SEM - Standard error of the mean.

Figure 3 - Power results for HRV. Audio BWE session was effective in changing HRV parameters.
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Figure 4 - Time domain HRV parameters. Audio BWE session was effective in changing HRV parameters.
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Each point represents the mean of 20 participants
and vertical lines show the SEM. The Symbol * denotes
a significant difference of *P<0.05 when compared to pre
session evaluations. Statistical analysis was performed by
t-test. NS — not statistically significant; BWE -Brainwave
entrainment; HRV - Heart rate variability; SEM - Stan-

dard error of the mean.

BWE sessions indicated a shift in BFS towards alpha,
beta and gamma predominance as observed in Figure
5. Suggesting that BWE session induced a relaxed (by in-
creasing alpha waves) but awake and focused (increased
gamma and beta activity) state. Interestingly, delta waves
were reduced during BWE session and no statistically

significant changes in theta waves were observed.

Figure 5 - Brainwave Frequency Spectrum. Audio BWE session affected brainwave frequencies.
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DISCUSSION

Guided meditation in the BWE session included
SDB. Calmness is essential for heart control. Nor-
mally, the heart pumps an average of 2.000 gallons
or more of blood per day. If a person indulges in res-
tlessness, worry, or other emotions, the heart beats
faster to prepare the individual to face the threat.
The heart of a mouse caught in a trap, e.g., beats at
twice its normal rate because of intense fear. The he-
arts of the calm Napoleon and Duke of Wellington
are said to beat only 50 times per minute'®. Practice
of pranayama naturally slows breathing, which in
turn makes the heart calmer, as demonstrated by a
statistically significant decrease in heart rate during
five minutes of SDB'**.

The present study explored the acute effect of
BWE on cardiac oscillations and observed that SDB
guided meditation during BWE session with a fre-
quency less than 6 breaths per minute (bpm) in-
creased HRV, which is reflected in both the time
domain and frequency domain parameters of HRV.
SDNN is the most representative parameter of HRV.
During the BWE session, SDNN increased to a high
normal of 46 which may indicate that the autonomic
nervous system (ANS) regulating function and stress-
coping ability were good*'. It indicates that total HRV
increased, showing that simultaneously cardiac sym-
pathetic and parasympathetic activation occurred.

RMSSD, an index of activity of the parasympathet-
ic arm of autonomic regulation, increased at a high
level of statistical significance. Although with rest-
ing spontaneous breathing, HF power represents the
parasympathetic influence, if the breathing rate is be-
low 8.5 bpm these can generate oscillations in the LF
band, thereby increasing the LF power. Low Frequency
is a band of the power spectrum range between 0.04
and 0.15 Hz. This parameter is a strong indicator of
sympathetic activity but reflects both parasympa-
thetic and sympathetic activities®. As the respiratory
rate achieved was less than 5 bpm in all volunteers,
we found LF power increased more than 10-fold indi-
cating an increase in parasympathetic activity rather

than an increase in sympathetic regulation.
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In the present study, the guided SDB during
BWE involved breath holding after deep inspira-
tion, which can have a mechanical effect on the
heart via a direct influence on sinoatrial (SA) node
activity. In addition, breath-holding may have in-
creased end-tidal CO, levels, thereby influencing the
central command to the heart. In five patients, the
resting HF value was very high and dropped dur-
ing SDB. The possible underlying mechanism could
be, first, decreased vagal tone with increased heart
rate, and sympatho-vagal balance during SDB due
to conscious effort to maintain the same breathing
count during inhalation, holding, and exhalation®.
During yoga, upregulation of both autonomic activi-
ties may occur. This notion is supported by the view
that sympathetic and parasympathetic branches of
the ANS do not always act reciprocally but may act
synergistically and complimentarily*.

Slow breathing during BWE increases barore-
ceptor sensitivity?>*. When blood pressure tends to
increase, the baroreceptor reflex increases vagal and
decreases sympathetic outflow to the SA and atrio-
ventricular node. This helps to decrease the heart
rate, as seen in our study from 85 bpm to 82 bpm.
The increased LF power during SDB may be due to
the mechanical effect of breathing rate, which gives
an additional or false rise in sympathetic tone”. Var-
ious studies have found that increase in amplitudes
of blood pressure oscillations and HRV during slow
breathing and that this is particularly significant at a
respiration rate of 6 bpm (0.1 Hz).

McCraty and Shaffer® (2015) have advocated
that below 0.1 Hz rhythm (6 breaths in 60 seconds
or 6/60 =0.1 Hz), the sympathetic branch of the
ANS does not appear to be involved, and that heart
rhythms are affected mainly by the parasympathetic
branch. During slow breathing below 8.5 bpm, va-
gal activity can generate oscillations in the LF band.
This is related to the link between respiration and
HRV?, Breathing is slowed to a point where reso-
nance occurs between respiratory-induced oscilla-
tions and heart rate oscillations that naturally occur
at this rate. It has been shown that any changes in

breathing frequency that almost coincide with spon-
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taneous Mayer wave frequency (6 bpm), such as
regulated slow breathing or chanting of Ave Maria
or yoga mantra, enhance HRV and baroreflex sen-
sitivity by synchronizing inherent cardiovascular
rhythms?.

This may explain the changes in the decrease in
heart rate and increase in HRV components, that
occurred during the guided SDB when the rate of
breathing was slower. Deep breathing helps con-
vert the majority of venous deoxygenated blood to
become oxygenated blood. A large increase in the
waste carbon dioxide elimination from the lungs
during exhalation facilitates this purifying process.
As a result, very little waste tissue is present in the
blood. There is less need to breath, whit that ex-
traordinary rest is given to the heart and lungs, then
heart rate decreases. In the present study, the LE/HF
ratio increased significantly during SDB, LF, and HF
power, and their ratios were significantly different
during-SDB versus pre-SDB, indicating the lasting
effect of the slow yogic breathing maneuver on the
cardiovascular autonomic system™.

Changes in heart rate in relation to the respirato-
ry cycle are referred to as Sinus Arrhythmia. Under
physiological conditions, during inspiration, there is
an increase in the heart rate, and during expiration,
there is a fall in the heart rate. Several mechanisms
have been postulated to explain this phenomenon.
The neuronal activity of inspiratory neurons in the
medulla, besides initiating inspiration, also dis-
charges to the Nucleus Tractus Solitarius (NTS) and
Nucleus Ambiguous (NA). It inhibits both relays of
the baroreceptor-NTS-NA pathway, thus inhibiting
cardiac vagal discharge. Therefore, during inspira-
tion, sympathetic activity is enhanced, which in
turn leads to an increase in heart rate and a decrease
during expiration. This aids in increasing the HRV
which we observed in our study during BWE SDB
guided meditation.

In 1915, Bainbridge noticed that if the initial
heart rate of dogs was low, a rapid infusion of sa-
line induced an increase in heart rate. This reflex is
referred to as Bainbridge reflex. There are tachycar-

dia producing receptors in the atria at the venoatrial
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junction which get activated due to increase in right
atrial filling. The same mechanism was observed
during inspiration. The increase in negative intra-
thoracic pressure draws more blood, increasing the
venous return, which in turn stretches the right atri-
um and tachycardia-producing receptors, leading to
an increase in heart rate. Additionally, a stretch of
the right atria also brings about stretching of the SA
node which also contributes to the tachycardia®'.

Various BWE techniques include isochronic
tones, binaural and monaural beats, and amplitude
modulation®**. The most used frequencies include
delta frequencies for insomnia, alpha frequencies
for relaxation, and theta frequencies for guided
meditation. Alpha waves are direct indicators of
alertness while being relaxed and are probably the
most receptive state of the mind for enhancing cre-
ativity. Naturally, these states are found just before
entering sleep at night and just after waking from
sleep in the morning. Statistically significant differ-
ence between the baseline states (11.25, S.D. 4.37)
and BWE (29.5,5.D.18.59) suggests that the induc-
tion of the alpha state is responsible for a height-
ened sense of relaxed alertness in 20 individuals
at a p value of 0.000124. The rhythmic fluctuations
produced by BWE could open a new possibility of
increasing the awareness required by an individual
while performing a task. We also detected an in-
crease in attention to follow the instructions of the
SDB guided meditation.

Theta frequency is known to be directly associ-
ated with brain activity at the time of stress relief,
the benefits of which may include improved con-
centration and memory. These cognitive parameters
have also been associated with low blood pressure,
respiratory rate, and heart rate. This state is particu-
larly responsible for incorporating suggestions and
executing them and is often utilized in hypnosis.
Although there was an increase in Theta BFS dur-
ing the session, there were no statistically significant
differences (p value < 0.4) in theta BFS between
baseline and during BWE.

Delta waves are predominant during dream-

less sleep and are the deepest state of conscious-
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ness that can be achieved in deep sleep or medita-
tion/spiritual experiences. Delta-frequency BWE
is also known to induce sleep. A statistically sig-
nificant difference between the baseline state (65.5,
S.D. 8.03) and during BWE (30.4, S.D.19.03) sug-
gest that reduction of the delta state at p value of
<0.00001, is responsible for meditation-like expe-
riences among 20 individuals™.

Gamma waves are very high frequency, known
for their reflection of the information processing of
the brain during focused activity and application
of intelligence in daily life, and complicated mental
processing. A statistically significant difference be-
tween the baseline state (2.75,S.D. 1.33) and during
BWE (7.15,5.D.3.69) at p value of 0.000013 suggests
the induction of higher engagement in mental pro-
cessing at the time of the experiment™®.

The similar phenomenon of binaural beats re-
sembles music related brain activity and has been
studied in association with Indian ‘Rasas’ and the
brain of Musicians™. In a recent study, EEG signals
from 13 healthy subjects showed an increase in the-
ta and alpha bands and a decrease in beta band dur-
ing delta and alpha stimulations®; adversely, in the
present study we saw an increase in beta frequency
spectrum. One hypothesis is that during the BWE
session, even though the participants relaxed (in-
creased alpha and small increase in theta, although
not statistically significant), the conscious effort to
follow the instructions of the SDB guided medita-
tion directly influenced the BFS, which led to an in-
crease in beta activity.

There are a series of limitations present in our
study since this was a first pilot study to investigate
the effects of BWE with a guided SDB meditation
on BFS and HRV. Firstly, the sample size was small
(only 20 participants), which may limit the gener-
alizability and validity of the results. Secondly, the
study did not have a control group and was a pre-
post intervention design, which makes it difficult to
isolate the effects of BWE from other factors such
as placebo, expectation, or learning effects. Thirdly,
a single BWE session with a fixed frequency range

and duration was used, which may not reflect the
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optimal or individualized parameters for BWE.
Different frequencies, durations, and modalities of
BWE may have different effects on HRV and BES.
Also, we used an indirect measure of BFS based on
a mathematical algorithm derived from ECG sig-
nals, which may not accurately capture the brain-
wave activity or coherence. A direct measure of
EEG would be more reliable and valid for assessing
BFS. Additionally, increased attention or conscious
effort to follow the instructions of the guided SDB
may have directly influenced the outcome of the
BES leading to an increase in beta activity. At last,
our study did not measure any behavioral or psy-
chological outcomes such as sleep quality, mood,
cognition, or stress levels, which are relevant for
evaluating the benefits of BWE. HRV and BFS are
only physiological indicators that may not reflect
the subjective experiences or functional outcomes
of BWE. Additional studies will be conducted to
address all these limitations.

FINAL CONSIDERATIONS

In healthy individuals, cardiac oscillations are syn-
chronous with respiratory frequency. The present
study showed an increased LF power of HRV during
guided SDB in BWE, which might be indicative of
the mechanical effect of respiration. Simultaneous-
ly, the increased time-domain parameters and de-
creased HF power generate transient (in 5 partici-
pants), rapid excitation of cardiovascular autonomic
centers due to respiratory modulation. These may
be vagally mediated and predominantly caused by
central non-baroreflex mechanisms. Transient and
rapid excitation of the cardiovascular system during
BWE suggest SDB may serve as a physiological me-
thod to draw upon cardio-vagal reserve. This shows
that this may have beneficial effects on cardiovas-
cular autonomic regulation in health and in various
cardiovascular diseases.

In Sum, SDB during BWE induced a relaxed
(increased alpha waves) and focused (increased
gamma activity) state. The subjects were more alert,
awake, aroused but relaxed (increase alpha waves),

but attentive.

Cad. Naturol. Terap. Complem - Vol. 12, N° 21 - 2023



ACKNOWLEDGEMENTS
We are grateful and indebted to BrainTap® (Braintap INC, New Bern, NC, USA) for having donated the Neural

Check and BrainTap® device to carry out this research.

FUNDING SOURCES
Nil (Donation of Neural Check by Patrick Porter).

CONFLICTS OF INTEREST

The authors declare no competing interests and received no funding for the purpose of carrying out this project.

AUTHOR CONTRIBUTION

V.Malhotra, D. Javed, A Sampath: The contributions of the first three authors were equal and can be considered

co-first authors.

Francisco José Cidral-Filho, Nathalia Nahas Donatello, Patrick Porter: helped to write this manuscript.

Roshan Sutar, Santosh Wakode, Brijesh Kumar, Priyanka Kashyap, Rekha Jivne: conducted the trial.

REFERENCES

1.

Huang TL, Charyton C. A comprehensive review of the
physiological effects of brainwave entrainment. Alternative
Therapies. 2008;14(5).

Ingendoh RM, Posny ES, Heine A. Binaural beats to entrain

the brain? A systematic review of the effects of binaural beat
stimulation on brain oscillatory activity, and the implications

for psychological research and intervention. PLoS One.
2023;18(5):€0286023. doi: 10.1371/journal.pone.0286023. PMID:
37205669; PMCID: PMC10198548.

Beln V, Kleinert J, Striider HK, Schneider S. Brainwave entrainment
for better sleep and post-sleep state of young elite soccer players -
A pilot study. Eur ] Sport Sci. 2013.

Noton D. Migraine and photic stimulation: report on a survey of
migraineurs using flickering light therapy. Complement Ther Nurs
Midwifery. 2000;6(3):138-142.

Wahbeh H, Calabrese C, Zwickey H, Zajdel D. Binaural beat
technology in humans: a pilot study to assess neuropsychologic,

physiologic, and electroencephalographic effects. J Altern
Complement Med. 2007;13(2):199-206.

Le Scouarnec RP, Poirier RM, Owens JE, Gauthier J, Taylor AG,
Foresman PA. Use of binaural beat tapes for treatment of anxiety:
a pilot study of tape preference and outcomes. Altern Ther Health
Med. 2001;7(1):58-63.

Padmanabhan R, Hildreth AJ, Laws D. A prospective, randomised,
controlled study examining binaural beat audio and pre-operative
anxiety in patients undergoing general anaesthesia for day case
surgery. Anaesthesia. 2005;60(9):874-877.

Lane JD, Kasian SJ, Owens JE, Marsh GR. Binaural auditory
beats affect vigilance performance and mood. Physiol Behav.
1998;63(2):249-252.

McConnell PA, Froeliger B, Garland EL, Ives JC, and Sforzo GA.
Auditory driving of the autonomic nervous system: Listening
to theta-frequency binaural beats post-exercise increases
parasympathetic activation and sympathetic withdrawal. Front
Psychol. 2014; 5:1248. doi: 10.3389/fpsyg.2014.01248.

. Harmony T, Fernandez T, Silva ], Bernal J, Diaz-Comas L,

Reyes A et al. EEG delta activity: an indicator of attention to
internal processing during performance of mental tasks. Int ]
Psychophysiol. 1996;24(1-2):161-171.

. Aftanas L, Golocheikine S. Human anterior and frontal midline

theta and lower alpha reflect emotionally positive state and
internalized attention: high-resolution EEG investigation of
meditation. Neuroscience Letters. 2001;310(1), 57-60.

Cad. Naturol. Terap. Complem - Vol. 12, N° 21 - 2023

12.

13.

14.

18.

19.

20.

21

22.

23.

Travis E Shear J. Focused attention, open monitoring and
automatic self-transcending: Categories to organize meditations
from Vedic, Buddhist and Chinese traditions. Conscious Cogn.
2010;19(4):1110-1118.

Buzséki G, Draguhn A. Neuronal oscillations in cortical networks.
Science. 2004;304(5679):1926-1929.
Herrmann CS, Demiralp T. Human EEG gamma oscillations in

neuropsychiatric disorders. Clin Neurophysiol. 2005;115(12):2719-
2733.

. Addante R, Yousif M, Valencia R, Greenwood C, Marino R.

Boosting brain waves improves memory. Front Young Minds.
2021;9:605677. doi: 10.3389/frym.2021.605677. Epub 2021 Nov 22.
PMID: 34901038; PMCID: PMC8659405.

. Basu S, Banerjee B. Potential of binaural beats intervention for

improving memory and attention: insights from meta-analysis and
systematic review. Psychol Res. 2023;87(4):951-963. doi: 10.1007/
$00426-022-01706-7. Epub 2022 Jul 16. PMID: 35842538.

. Abeln V, Kleinert J, Striider HK, Schneider S. Brainwave

entrainment for better sleep and post-sleep state of young elite
soccer players - a pilot study. Eur J Sport Sci. 2014;14(5):393-402.
doi: 10.1080/17461391.2013.819384. Epub 2013 Jul 18. PMID:
23862643.

Sri Yogananda P. Science of Kriya Yoga Chapter 26. In:
Autobiography of a Yogi. First Mass-market paperback printing;
2018.p. 236.

Sri Paramhansa Yogananda. God Talks to Arjuna: The Bhagvad
Gita. Royal Science of God Realization, Permanent Shelter in Spirit
Through Yoga Meditation. Krishna's Advise for Successful practice
of yoga, Chapter VI Verse II Volume II, 2000.

Sri Paramhansa Yogananda. Scientific Healing Affirmations.
Theory and Practice of Concentration. Chapter 3. Healing Body,
Mind, and Soul. 20-21, 1974.

Chen X, Chen T, Yun E Huang Y, Li . Effect of repetitive end-
inspiration breath holding on very short-term heart rate variability
in healthy humans. PhysiolMeas. 2014;35:2429-45.

Laborde S, Mosley E, Thayer JE. Heart Rate Variability and Cardiac
Vagal Tone in psychophysiological research - recommendations
for experiment planning, data analysis, and data reporting. Front
Psychol. 2017;8:213. doi: 10.3389/fpsyg.2017.00213. PMID:
28265249; PMCID: PMC5316555

Sasaki K, Maruyama R. Consciously controlled breathing
decreases the high-frequency component of heart rate variability
by inhibiting cardiac parasympathetic nerve activity. Tohoku J Exp
Med. 2014;233:155-63.

73



24.

25.

26.

27.

28.

29.

30.

74

Lee YH, Park BN, Kim SH. The effects of heat and massage
application on autonomic nervous system. Yonsei Med J.
2011;52(6):982-989. doi:10.3349/ym;j.2011.52.6.982.

Bernardi L, Porta C, Spicuzza L, Bellwon J, Spadacini G, Frey AW
et al. Slow breathing increases arterial baroreflex sensitivity in

patients with chronic heart failure. Circulation. 2002;105:143-145.

Chacko NJ, Porta C, Casucci G, Casiraghi N, Maffeis M, Rossi M

et al. Slow breathing improves arterial baroreflex sensitivity and
decreases blood pressure in essential hypertension. Hypertension.
2005;46(4):714-718.

Bhagat OL, Kharya C, Jaryal A, Deepak KK. Acute effects on

cardiovascular oscillations during controlled slow yogic breathing.

Indian ] Med Res. 2017;145(4):503-512.

McCraty R, Shaffer E Heart rate variability: new perspectives on
physiological mechanisms, assessment of self-regulatory capacity,
and health risk. Glob Adv Health Med. 2015;4:46-61.

Bernardi L, Gabutti A, Porta C, Spicuzza L. Slow breathing reduces
chemoreflex response to hypoxia and hypercapnia, and increases
baroreflex sensitivity. ] Hypertens. 2001;19:2221-2229.

Julien C, Parkes MJ, Tzeng SY, Sin PY, Ainslie PN, van de Borne
P et al. Comments on point: counterpoint: respiratory sinus
arrhythmia is due to a central mechanism vs. respiratory sinus
arrhythmia is due to the baroreflex mechanism. ] Appl Physiol
(1985).2009;106:1745-9.

31

32.

33.

34.

35.

36.

Pal GK. Comprehensive Textbook Of Medical Physiology. Volume 2.
1st ed. New Delhi: Jaypee brothers medical publishers Itd; 2017. p.771.

Mathewson KE, Prudhomme C, Fabiani M, Beck DM, Lleras

A, Gratton G. Making waves in the stream of consciousness:
entraining oscillations in EEG alpha and fluctuations in visual
awareness with rhythmic visual stimulation. ] Cogn Neurosci.
2012;24(12):2321-33. doi: 10.1162/jocn_a_00288. Epub 2012 Aug
20. PMID: 22905825.

Lithari C, Sdnchez-Garcia C, Ruhnau P, Weisz N. Large-scale
network-level processes during entrainment. Brain Res.
2016;1635:143-52. doi: 10.1016/j.brainres.2016.01.043. Epub 2016
Feb 1. PMID: 26835557; PMCID: PMC4786120.

Pandey P, Tripathi R, Miyapuram KP. Classifying oscillatory brain
activity associated with Indian Rasas using network metrics. Brain
Inform. 2022;9(1):15. doi: 10.1186/s40708-022-00163-7. PMID:
35840823; PMCID: PM(C9287523.

Jirakittayakorn N, Wongsawat Y. The brain responses to different
frequencies of binaural beat sounds on QEEG at cortical level.
Annu Int Conf IEEE Eng Med Biol Soc. 2015;2015:4687-91. doi:
10.1109/EMBC.2015.7319440. PMID: 26737340.

Gao X, Cao H, Ming D, Qi H, Wang X, Wang X et al. Analysis

of EEG activity in response to binaural beats with different
frequencies. Int ] Psychophysiol. 2014;94(3):399-406. doi:
10.1016/j.ijpsycho.2014.10.010. Epub 2014 Oct 31. PMID:
25448376.

Cad. Naturol. Terap. Complem - Vol. 12, N° 21 - 2023



