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ABSTRACT
Objectives: Continuous connected breathing (CCB) is a high-frequency breathing technique without breath 
retention. This study examines changes in electroencephalogram (EEG) band power and heart rate variability (HRV) 
before, during and after breathwork intervention of 3 rounds of 40 CCB versus normal breathing in healthy volunteers.

Materials and Methods: Thirty-three healthy volunteers, aged between 19 and 23 years, participated in the study 
(n = 15; female = 7; mean age = 21.5 years) group, while the control group consisted of 18 individuals (n = 18; 
male = 11; mean age = 19.6 years). After acquiring baseline measures, the study group engaged in 40 CCB practice 
online for 10  days, while the control group continued with their usual activities. EEG and HRV signals were 
recorded for both groups after the 10  days. Post-intervention, the study group practised 40 CCB breathwork, 
while the control group breathed normally during signal acquisition. EEG was recorded for 1-min durations at 
five different time events (1st, 4th, 5th, 7th and 10th min) according to the protocol. HRV was continuously recorded 
for the entire 10  min, and 1-min readings corresponding to the EEG recording time intervals were analysed. 
EEG signals were acquired using an Enobio-8 cap with dry electrodes in pre-frontal (FP1 and FP2), temporal 
(T7 and T8), central (C3 and C4) and occipital (O1 and O2) regions. HRV data were acquired from Polar H7/
H10 chest strap sensors through Bluetooth using Elite HRV app on android phone and data were later processed 
with Kubios software. EEG signals were processed using MATLAB software to extract EEG power for delta (0–
3.5Hz), theta (4–7 Hz), alpha (8–13 Hz), beta (14–29 Hz) and gamma frequencies (30–50 Hz). The EEG power 
and HRV signals were later arranged as before-after and during time events and statistically analysed for within 
and between-group changes using t-tests for significance of means.

Results: There was an overall quantitative change in EEG band power of −2 units within the study group and 
−0.03 within the control group. A  significant decrease was found in overall delta (−2.27), theta (−1.7), alpha 
(−1.8) and beta (−2.27) brain waves in pre-frontal (FP1, FP8), temporal (T7, T8) and occipital (O1, O2) regions 
after breathwork compared to before within the study group. A  significant increase was found in beta (+2.8) 
band power in the control group with a higher increase in the left compared to the right hemisphere. Bilateral 
average change ranged from −1.6 to −2.6 in the study and −0.1 to +4.9 in the control group. HRV parameters 
were reduced after intervention in both groups but without significance. The parameters improved after the 
intervention compared to during within the study group, though not significant.

Conclusion: 10 days of practice of 40 CCB breathworks (3 rounds) for 5 min/day may reduce EEG power in delta, 
theta, alpha and beta waves. It may help to maintain autonomic balance with an increase of HRV in the recovery phase 
after an initial decrease during breathwork. Further studies are recommended to test the consistency of outcomes.
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INTRODUCTION
Breathworks with volitionally controlled accelerated breath 
patterns have origins in shamanic and yogic traditions 
for over 10,000  years. Amongst them, Kapalabhati and 
Bhastrika are the few most ancient practices documented 
in yoga traditions and are generally practised either at a 
slow/fast pace with/without short breaks, though literature 
is ambiguous about practice mechanisms such as the rate 
and intensity. Other cyclical breathing patterns such as 
holotropic breathwork (HB), rebirthing breathwork (RB) 
and holorenic breathwork (HrnB) include continuous 
connected breathing (CCB) without breath retention as an 
element of their practice. The Sudarshan Kriya Yoga (SKY) 
includes slow and fast cyclical breathing patterns ranging 
from 8-14 respiratory cycles/min to 40–50/60–100  cycles/
min with forceful exhales, and rapid inhales; the fast pace 
with the approximate rate of 30 breaths/min.[1,2] HB therapy 
combines rapid and deep breathing[3] with music and other 
elements. HrnB[4] usually lasts 2–3 hours and is based on 
kapalabhati with a pace of 140–160 breaths/min with music 
and bodywork. Breathworks with CCB may induce altered 
states of consciousness and also a ‘no experience’ state, which 
may be associated with cessation of thoughts with suspension 
of breath without fatigue or drowsiness. It can also improve 
anxiety and stress and increase heart rate variability (HRV) 
and cognitive functions.[4-6]

The common brain waveforms observed in 
electroencephalogram (EEG) studies are delta (0.5–4Hz), 
theta (4–7  Hz), alpha (8–12  Hz), beta (13–30  Hz) and 
gamma (>30  Hz) as in the current study. Delta activity in 
wakeful states is associated with concentration-related 
activities (mental calculations, memory and learning) and 
is higher during cognitively difficult tasks compared to the 
easier ones.[7] The theta waves are stronger during internal 
focus activities, mostly frontal regions. The alpha waves 
are found in the occipital region in a normal wakeful state 
and generally identify with a relaxed mental state. The 
beta waves are frequently observed in frontal and central 
regions and are associated with high concentration and 
alertness during normal drowsiness or as a result of sedative 
medications.[8] The gamma waves are observed in all parts 
of the brain and are associated with enhanced attention 
and neural activation, helping in the performance of higher 
mental and perceptive tasks.[9] The theta, alpha, beta and 
gamma EEG power reduces during inspiration of faster 
breathing and increases during normal/slow breathing.[10] 
The temporal delta increases during slow or spontaneous 
inspiration, while the parietal delta and total power in the 
frontal decrease during normal inspiration.[11] Respiration 
rates, cardio and brain activities are interdependent with 
mutual dynamic influences helping one to adapt to real-time 
situations. HRV, or change in time intervals between the 
heartbeats, is hence an indicator of dynamic interactions or 

the self-regulatory capacity often influenced by autonomic 
neural and cardiorespiratory activities.[12-14]

The root mean square of successive RR interval differences 
(RMSSD) in the time domain is associated with 
parasympathetic output, and the standard deviation of 
normal-to-normal RR intervals (SDNN) is a marker for both 
sympathetic and parasympathetic activities. The frequency 
domain is vagally mediated with a high frequency (HF) 
(0.15–0.4  Hz) component associated with parasympathetic 
activity and corresponds to heart rate (HR) changes influenced 
by respiration. The low frequency (LF) (0.04–0.15 Hz) is also 
associated with changes in vagally mediated baroflex activity. 
High frequency breathing (HFB) is similar to regular exercise 
that may boost stress tolerance and improve physiological and 
psychological well-being.[13-15] The alveolar carbon dioxide 
levels of a 2–5 min of kapalabhati practice at 120 breaths/min 
are identical to normal resting.[16,17] Kapalabhati increases 
breath-holding,[18] causes significant changes in alpha, theta 
and beta wave activities and induces subjective relaxation.[19] 
SKY practised for 35–40  min, increases alpha wave activity, 
synchronises left and right brain activities and increases EEG 
spectral frequencies of frontal, central, parietal, temporal and 
occipital brain regions.[19,20]

However, since limited studies have examined the effect of 
short-duration HFBs, the current study aims to examine the 
effect of 40 CCB (>0.5 Hz) on EEG and HRV.

MATERIALS AND METHODS

A total of thirty-three healthy individuals in the age 
group  19–23  years were recruited from colleges through 
online advertisements as per inclusion criteria. The mean 
age of the study group (n = 15, female - 7) was 21.53 (± 1.0) 
years, and that of the control group (n = 18, male  - 7) was 
19.56 (± 0.51) years.

Study design

The current study was a prospective 2-armed study designed 
to observe the effect of a 10-day breathwork intervention of 
40 CCB on EEG and HRV signals within and between groups. 
The control group did normal breathing and activities as 
usual, while the study group practised 40 CCB.

The study hypothesised a change in EEG and HRV 
readings during and after the intervention compared to 
baseline measures. Participants were familiarised with the 
measurement equipment and procedures before recording 
data at room temperature. Upon arrival at the laboratory, 
each participant relaxed for 5–10  min, after which the 
participant’s blood pressure, temperature, oxygen saturation 
and pulse rate were measured in a sitting position with eyes 
closed. The participant then put on the HRV chest strap 
(either H7 or H10) and Enobio-8 skull cap with electrodes 
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[Figure  1] mounted at PF1-PF2, T7-T8, C3-C4 and O1-O2 
regions. The HRV chest strap sensor was connected to a 
compatible Bluetooth-enabled software (Elite HRV) to 
record HRV signals transmitted on an Android phone. 
The Enobio-8 EEG device was connected to a WiFi signal 
recording application (NIC2) on the laptop. Post-readings 
were recorded for 10 min with 5-time events [Table 1].

Intervention

Each round of 40 CCB comprised forceful diaphragmatic 
breathing (four moderately deep breaths followed by one long 
breath) in a continuous manner without breath retention. This 
was then repeated for three rounds with 1  min of relaxation 
in between. The training was given to the study group and 
monitored online for 10  days. The control group was not 
exposed to 40 CCB breathwork and did activities as usual. 
During data recording, the control group did normal breathing.

Data acquisition

All data were recorded in a sitting position with eyes closed. 
The baseline characteristics and parameters measured are 
mentioned in Table 2.

EEG signals were acquired using Enobio-8 (Neuroelectrics)[21] 
10–20 international system with reference linked to ear lobe 
electrode. The sampling rate was 500 samples/second, impedance 
>1G, and the noise filter was set at 50 Hz. HRV was acquired 
with Polar H7 and Polar H10 pro chest strap HR sensors. Each 
subject used only one sensor, either Polar H7 or H1, that was 
attached to Polar Pro straps and kept ready for randomised use. 
Both H7 and H10 sensors are found to have similar performance 
and are in best agreement with ECG (electrocardiogram).[22-24] 
The HRV acquired directly as RR-interval data at a sampling rate 
of 1000 Hz by the polar HR monitors was transmitted through 
Bluetooth to the Elite HRV app[25] on an Android phone and 

Table 1: Study design.

Data recording (EEG+HRV) after 10‑day 40 CCB practice for study group and usual activities for controls
Pre During 1 Rest During 2 Rest During 3 Rest Rest Rest
1st min 2nd min 3rd min 4th min 5th min 6th min 7th min 8, 9th min 10th min
Data recording process
1. EEG recording was done for 1‑min durations at different time events of the study
2. *HRV was recorded continuously for 10 min and later HRV data of 1‑min durations corresponding to the EEG recording time intervals 
as mentioned above was processed and analysed.
EEG: Electroencephalogram, HRV: Heart rate variability, *continuous recording

Figure 1: EEG and HRV data acquisition. EEG: Electroencephalogram, HRV: Heart rate variability.
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later downloaded in ‘.txt’ format for further processing. Baseline1 
measures were recorded for 2  min (1  min EEG and 2  min 
HRV). A  multiparameter monitor was used to record body 
temperature, blood pressure, pulse rate and oxygen saturation. 
EEG signals were recorded through WiFi with NIC2 software. 
Post-readings were taken in the same process for 10 min with 
5  time events [Table  1]; hence, the 6  time event readings for 
EEG comprised 2 baseline, 1 during and 3 after readings. HRV 
was recorded continuously for the entire duration (10  min) 
and processed for 1-min durations corresponding to the time 
events for which EEG was recording time intervals. The HRV 
recording was done continuously for administrative ease, and 
later, the data were processed for the corresponding EEG time 
interval and duration for the study.

Data sorting

Data were arranged and sorted for each channel, region and 
brain wave of all participants. The 6 time events were defined as 
T1 - Baseline1, T2 - Baseline2, T3 - During intervention, T4 -  
Immediately after 2nd round of breathworks, T5 - immediately 
after 3rd round of breathworks and T6 - after 3 min of 
completing 3rd  round of breathworks. The average of 2 
baseline readings (T1 and T2) was considered as ‘Before’, 
readings of T3 were considered as ‘During’, and the average 
of 3 readings (T4, T5, T6) were considered as ‘After’ readings 
for study (40 CCB) and control (normal breathing) groups.

EEG signal processing

EEG signals were acquired from the Enobio-8 device[21] 
through NIC2 software with an inbuilt algorithm for noise 
cancellation up to 50  Hz power interference. Signals were 
pre-processed with a second-order butter worth bandpass 
filter as an inbuilt algorithm. The power spectral density 
method available in the MATLAB software application was 
used to extract frequency domain EEG power of 5 band 
frequencies from raw EEG signals. Brain frequencies were 
classified as delta (0.5–3.5  Hz), theta (4–7  Hz), alpha (8–
12 Hz), beta (13–30 Hz) and gamma (>30 Hz) and arranged 
for further analysis.

HRV data processing: Real-time R-R interval data were 
transmitted from Polar H7/H10 sensors directly to the 
Android phone through Bluetooth using the compatible 
wellness app Elite HRV, which stored R–R interval data 
in ‘.txt’ format that was later exported through email and 
analysed with a free HRV analysis software Kubios standard 
(version  3.1). The recording was done continuously for the 
entire study duration of 10 min and later analysed in 1-min 
time windows corresponding to the EEG time intervals. 
All data were then transferred to Microsoft Excel and SPSS 
for statistical analysis. 10 HRV sub-parameters, including 
domains of time (RR, HR, RMSSD and SDNN), frequency 
(H.F nu, L.F nu and Total Power) and non-linear (SD1, 
SD2 and SD2/SD1) HRV parameters were analysed. SD1 is 
the standard deviation of immediate beat-to-beat interval 
variability, and SD2 is the standard deviation of long-term 
beat-to-beat interval variability.

Statistical analysis

The Statistical Package for the Social Sciences programme 
version 27 was used for analysis. The sorted EEG and HRV 
data (‘Before’, ‘During’ and ‘After’) were tested for normality 
using Kolmogorov–Smirnov’s test separately for control 
and study groups. Corrections were made for significant 
differences with the inverse distribution function. T-tests 
were used for within-group and between-group statistical 
analyses.

RESULTS

The EEG band powers of delta, theta, alpha and beta waves 
decreased [Figures  2 and 3] after the 40 CCB in the study 
group compared to baseline; bilateral changes were not 
significant. Within-group [Table  3] and between-group 
[Table  4] changes were significant. The magnitude of EEG 
band power decrease [Figure  4] was higher within the 
study group compared to controls. There was a decrease 
of lesser magnitude in delta, theta and alpha band power 
and a significant increase in beta band power after the 
intervention (normal breathing) within the control group 
compared to the study. There was a significant decrease in 
alpha band power in the central region (P < 0.05) within the 
control group.

A single participant sample of MATLAB-processed EEG 
signals is presented in the Annexure Figure 1.

There was no significant change in the after-before reading 
of HRV parameters in both groups. However, in the study 
group, RR interval, RMSSD, SDNN, HF normalised units 
(n.u), Total Power and SD2 had increased. The HR, LFn.u, 
had decreased after the intervention compared to during 
[Figure  5]. The magnitude of change was not much in the 
after-during reading of the control group.

Table 2: Participant baseline parameters considered for the study.

Metrics Study group
(n=15) Mean±(SD)

Control group
(n=18) Mean±(SD)

Age 21.53(±1.0) 19.56(±0.51)
Systole 120.6(±11.01) 116.1(±12.9)
Diastole 78.73(±6.4) 78.17(±8.6)
Oxygen saturation 97.9(±0.4) 97.5(±0.8)
Pulse rate 80.2(±10.3) 85.6(±10.5)
Body temperature 30.9(±0.9) 31.3(±0.9)
SD: Standard deviation
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Table 3: Paired differences in EEG before and after intervention.

Brain 
wave

Brain 
region

Brain 
hemisphere 
(L=Left, 
R=Right)

Mean 
difference 

After‑Before 
(Study)±SD

t‑Statistic
(Study)

After‑Before

P‑value  
(Study, 

2‑tailed) 
(After‑Before)

Mean difference 
After‑Before 

(Control)±SD

t–Statistic 
(Control) 

After‑Before

P‑value 
(Control, 
2‑tailed) 

(After‑Before)
Delta O L −5.47±7.61 −2.8 0.01* −1.5±10.77 −0.6 0.6

C R −4.28±6.3 −2.3 0.02* −1.5±9.1 −0.71 0.5
Theta T L −3.25±3.01 −4.2 0.00* −1.03±2.4 −1.84 0.1

O −3.76±4.0 −3.66 0.00* −0.6±4.7 −0.57 0.6
PF R −1.54±1.6 −3.8 0.00* −0.9±3.5 −1.13 0.3
O −2.5±4.2 −2.28 0.04* 0.6±4.3 0.6 0.6

Alpha PF L −1.74±2.5 −2.66 0.02* −0.4±2.5 −0.65 0.5
T −2.70±2.8 −3.76 0.00* −0.8±2.7 −1.3 0.2
C −0.75±3.3 −0.9 0.4 −1.2±2.1 −2.4 0.03*
O −2.63±2.2 −4.55 0.00* −0.7±3.3 −0.9 0.4
PF R −1.76±1.8 −3.71 0.00* −0.9±2.3 −1.7 0.11
T −2.23±2.7 −3.16 0.01* −0.4±2.1 −0.7 0.5
O −2.05±2.1 −3.85 0.00* −0.9±3.1 −1.3 0.2

Beta PF L −0.96±5.1 −0.73 0.5 4.3±6.5 2.81 0.01*
T −0.42±5.4 −0.3 0.8 5.0±6.7 3.18 0.01*
C −0.84±9.4 −0.35 0.8 6.8±5.2 5.54 <0.001**
O −5.47±7.6 −2.78 0.01* −0.5±10.4 −0.19 0.85
PF R −1.9±8.0 −0.93 0.4 3.7±4.9 3.16 0.01*
C −4.28±6.3 −2.63 0.02* 3.5±9.1 1.6 0.1

*P<0.05, **P<0.001, O: Occipital, C: Central, T: Temporal, PF: Pre‑frontal. Most regions of delta, theta and alpha waves; left occipital and right central beta 
waves in study group showed significant changes. The central alpha had reduced more significantly than the study and most regions of beta wave band had 
increased in contrast to the study group. EEG: Electroencephalogram, SD: Standard deviation

Figure 3: Overall change in EEG Band power (Left vs. Right brain). 
Overall, the band power reduced in both groups, but the magnitude 
of differences was higher and more synchronous in study group. 
EEG: Electroencephalogram.

Figure  2: Overall change in EEG Band power. The delta, theta, 
alpha, beta and gamma band power had reduced more in study 
group. In contrast, beta band power increased in the control group. 
EEG: Electroencephalogram.

DISCUSSION

The LF and HF band powers of EEG significantly decreased 
with a higher magnitude of decrease in the study group after 
the intervention compared to controls. Whereas delta and 
beta band power decreased in occipital and central regions, 
theta and alpha power decreased in temporal, occipital 
and pre-frontal regions. The results partially corroborate 

to a study[26] where 45-min CCB technique in healthy adult 
participants decreased delta, theta and beta power bands 
and increased gamma power band in only experienced 
practitioners. In the present study, there was no significant 
change in gamma power, but alpha band power decreased 
significantly in the pre-frontal, temporal and occipital 
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regions in the study group after the intervention compared to 
the baseline measure.

In the control group, alpha decreased only in the central 
region, and beta power increased significantly in pre-frontal, 
temporal and central regions. This may corroborate with 
findings[27] where alpha power increased in situations of 
anxiety, more during uncertain moments/environments as 
perceived by anxious individuals. Dunn et al.[28] observed 
decreased alpha power in the central region during breath 
concentration compared to mindfulness. Studies Huang et al. 
and Lim et al.[29,30] indicate varying results for alpha changes 
during wakeful states, though generally associated with 

relaxation; fatigue generates higher alpha and beta activity 
in adults, and beta waves in the central region are reduced 
during heightened concentration and immersive activities.

Hanouneh et al.[31] observed decreased delta and theta power 
in the frontal region during learning and memory retrieval, 
increased alpha and beta power in the frontal and decreased 
alpha in the parietal and temporal regions. The increase in 
alpha is associated with more effort during memory tasks, 
and a decrease in alpha power suggests a reactivation of 
sensory processes.[31] This can be perhaps corroborated with 
the current study that required participants to remember the 
pattern of breathing. Begić et al. [32] observed increased delta 

Table 4: Between groups differences in EEG before and after intervention.

Brain 
Wave

Brain 
Region

Hemisphere
(L=Left, R=Right)

Mean difference 
After‑Before 
(Study)±SD

Mean difference 
After‑Before 

(Control)±SD 

t‑Statistic (Study 
vs. Control)
After‑Before

P‑value 2 tailed 
(After‑Before)

Theta T L −3.25±3.01 −1.03±2.4 −2.3 0.03*
Alpha T R −2.23±2.7 −0.4±2.1 −2.2 0.04*
Beta PF L −0.96±5.1 4.3±6.5 −2.6 0.02*

T −0.42±5.4 5.0±6.7 −2.4 0.02*
C −0.84±9.4 6.8±5.2 −2.8 0.01*
PF R −1.9±8.0 3.7±4.9 −2.4 0.03*
C −4.28±6.3 3.5±9.1 −2.9 0.007*

*P<0.05, O: Occipital, C: Central, T: Temporal, PF: Pre‑frontal. Significant changes were found after intervention in the temporal region for theta, alpha and 
beta wave bands. The magnitude of change was high in beta band. EEG: Electroencephalogram, SD: Standard deviation

Figure 4: Illustration of significant changes in EEG band power after intervention. (a) delta, (b) theta 
and (c) alpha wave band power in few brain regions are reduced in both study and control groups, 
with higher magnitude in study group (with 40 CCB breathworks). In contrast, the (d) beta wave 
band power is increased in control group (with normal breathing). EEG: Electroencephalogram.

ba

c d
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EEG band power (pre-frontal, frontal, parietal and occipital), 
theta (frontal) and beta (pre-frontal, frontal) frequencies in 
depressive compared to healthy persons. In the present study, 
delta, theta, and beta band powers were significantly reduced 
after breathwork intervention, allowing for speculation 
that 40 CCB can be useful in treating depression. During 
another technique, SKY,[33] alpha power decreased in the 
parieto-occipital region, and theta power increased in the 
centrofrontal region as rhythmic breathing progressed, delta 
unaffected; EEG waves slowed from alpha to theta and delta 
as meditation progressed;[32] during cyclic breathing of SKY, 
beta and alpha power increased in the frontal, midline and 
occipital regions. In the present study, alpha power was 
significantly reduced in frontal and temporal regions after 40 
CCB; however, the HRV parameters showed an increase in 
after-during readings within the study group. Whether this 
can be speculated for enhancement in brain activity after 
breathwork practice requires further research.

Malhotra et al.[34] found delta increased during practice 
while beta and gamma activity increased after 2  months 
(5  min/day) of kapalabhati practice with unchanged theta 
and alpha EEG activity and suggested that kapalabhati 

has an energising, cleansing and heating effect suggesting 
parasympathetic withdrawal and sympathetic activation. In 
the present study, all EEG band powers decreased, though the 
increase in HRV during 3 min of recovery after 3 rounds of 
40 CCB can be speculated to sway towards parasympathetic 
modulation. The HR, LFn.u and SD2/SD1 increased during 
and after the intervention, while RR, RMSSD, SDNN, H.Fn.u, 
total power, SD1 and SD2 decreased during the intervention 
in both groups compared to their respective baselines. 
The magnitude of change was higher in the study group 
compared to the control group and not significant. However, 
HR and LFn.u decreased in the study group compared to 
during the intervention, and RR, RMSSD, SDNN, H.Fn.u, 
SD2 and total power increased. The results corroborate 
with another HF breathwork study[35] where HR, systolic 
and diastolic blood pressure increased immediately after 
a 5-min kapalabhati (HF) and decreased after 20-min 
recovery. Similarly, HRV parameters of RR, RMSSD and 
H.Fn.u decreased immediately after the intervention and 
significantly increased after recovery. Further studies are 
needed to examine if effects of 40 CCB can be compared to 
that of kapalabhati. However, the current study allows for 

Figure 5: Change in heart rate variability parameters, HR: Heart rate, RMSSD: Root mean square of RR interval differences, SDNN: Standard 
deviation between normal–normal intervals, HFn.u: High-frequency normalised units, LFn.u: Low-frequency normalised units, SD1: Deviations 
in short-term variability of RR intervals, SD2: standard deviations in short- and long-term variability in RR intervals. (a) The positive difference 
in HR after-before intervention in both groups indicates an increased HR but the negative difference in after-during intervention (40 CCB 
breathworks) in study group indicates recovery as HR decreases immediately after breathworks. The recovery is reiterated by the positive after-
during difference of SDNN, RMSSD and RR interval parameters. (b) The positive after-during difference in total power and negative change 
in L.Fn.u of study group indicates relaxation immediately after intervention. (c) The positive differences in SD1 and SD2 give an indication of 
inducing relaxation but also increased active state. HRV: Heart rate variability, RR intervals: distance between consecutive R-wave.

ba

c
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speculation of similar outcomes with the autonomic system 
on the path of recovery, balancing sympathetic modulation 
and parasympathetic withdrawal that were induced during 
40CCB in the study group. In the control group, changes 
in the frequency domain of HRV (HFn.u and LFn.u) may 
suggest parasympathetic withdrawal and observation 
of simultaneous EEG beta band power increase post-
intervention requires further investigation.

CONCLUSION

The current study illustrates that 10-day practice (5 min/day) 
of 40 CCB breathwork reduces EEG band power of delta, 
theta, alpha and beta waves. There is scope for further 
studies to determine consistency. The practice decreases 
HRV parameters during the breathwork and regains with 
recovery after 3  min, thus allowing for speculation of 
autonomic modulation. Further studies may help to examine 
the influence of 40 CCB breathworks on haemodynamic and 
subjective markers comparing normal healthy participants 
with people having mild-to-moderate conditions such as 
anxiety and depression.

Acknowledgement: The authors thank Dr. Mahesh Jayachandra, Lt. 
Col (Dr.) Hemlatha Harish, Dr. Darsheen Kotak for mentorship, all 
participants, laboratory and other department staff for their kind 
support for the study.

Ethical approval: The research/study was approved by the 
Institutional Review Board at Kempegowda Institute of Medical 
Sciences Institutional Ethics Committee, number KIMS/IEC/
A071/M/2023, dated 11th March 2023.
Declaration of patient consent: The authors certify that they have 
obtained all appropriate patient consent.
Financial support and sponsorship: Nil.
Conflicts of interest: There are no conflicts of interest.
Use of artificial intelligence (AI)-assisted technology for 
manuscript preparation: The authors confirm that there was no 
use of artificial intelligence (AI)-assisted technology for assisting 
in the writing or editing of the manuscript and no images were 
manipulated using AI.

REFERENCES

1.	 Fincham GW, Kartar A, Uthaug MV, Anderson B, Hall L, 
Nagai  Y, et al. High ventilation breathwork practices: An 
overview of their effects, mechanisms, and considerations for 
clinical applications. Neurosci Biobehav Rev 2023;155:105453.

2.	 Zope SA, Zope RA. Sudarshan kriya yoga: Breathing for health. 
Int J Yoga 2013;6:4-10.

3.	 Eyerman JA. A  clinical report of holotropic breathwork in 
11,000 psychiatric inpatients in a community hospital setting. 
Multidiscip Assoc Psychedelic Stud Bull Spec Ed 2013;23:24-7.

4.	 Grof S. Holotropic breathwork: A  new experiential method 
of psychotherapy and self-exploration. J  Transpers Res 
2014;6:7-24.

5.	 Sharma VK, Trakroo M, Subramaniam V, Rajajeyakumar M, 
Bhavanani AB, Sahai A. Effect of fast and slow pranayama 
on perceived stress and cardiovascular parameters in young 
health-care students. Int J Yoga 2013;6:104-10.

6.	 Sharma VK, Rajajeyakumar M, Velkumary S, Subramanian SK, 
Bhavanani AB, Madanmohan, et al. Effect of fast and slow 
pranayama practice on cognitive functions in healthy 
volunteers. J Clin Diagn Res 2014;8:10-3.

7.	 Harmony T. The functional significance of delta oscillations in 
cognitive processing. Front Integr Neurosci 2013;7:83.

8.	 Attar ET. A review of mental stress and EEG band power. Int J 
Nanotechnol Nanomed 2022;7:112-8.

9.	 De A, Mondal S. Yoga and brain wave coherence: A systematic 
review for brain function improvement. Heart Mind 
2020;4:33-9.

10.	 Bušek P, Kemlink D. The influence of the respiratory cycle on 
the EEG. Physiol Res 2005;54:327-3.

11.	 Nayak CS, Anilkumar AC. EEG normal sleep. In: StatPearls. 
Treasure Island, FL: StatPearls Publishing; 2023.

12.	 Folschweiller S, Sauer JF. Respiration-driven brain oscillations 
in emotional cognition. Front Neural Circuits 2021;15:761812.

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

14.	 Tyagi A, Cohen M. Yoga and heart rate variability: 
A comprehensive review of the literature. Int J Yoga 
2016;9:97-113.

15.	 Brown RP, Gerbarg PL. Sudarshan Kriya yogic breathing 
in the treatment of stress, anxiety, and depression: 
Part  I-neurophysiologic model. J  Altern Complement Med 
2005;11:189-201.

16.	 Sushil SK, Nagendra HR, Nagarathna R. Immediate effect of 
stimulation in comparison to relaxation in healthy volunteers. 
Indian J Tradit Knowl 2010;9:606-10.

17.	 Kuvalayananda S, Karamblekar V. Studies in alveolar air 
during Kapalabhati-II. Alveolar air at the end of five minute 
kapalabhati. Yoga Mimamsa 1957;7:87-93.

18.	 Bhole MV. Effect of Kapalbhati on breath holding time. Yoga 
Mimamsa 1976;18:21-6.

19.	 Saoji AA, Raghavendra BR, Manjunath NK. Effects of yogic 
breath regulation: A  narrative review of scientific evidence. 
J Ayurveda Integr Med 2019;10:50-8.

20.	 Bhaskar L, Tripathi V, Kharya C, Kotabagi V, Bhatia M, 
Kochupillai V. High-frequency cerebral activation and 
interhemispheric synchronization following Sudarshan Kriya 
Yoga as global brain rhythms: The state effects. Int J Yoga 
2020;13:130-6.

21.	 Neuroelectrics: Reinventing brain health. Available from: 
https://www.neuroelectrics.com/solutions/enobio/8/[Last 
accessed on 2024 May 21].

22.	 Gillinov S, Etiwy M, Wang R, Blackburn G, Phelan D, 
Gillinov  AM, et al. Variable accuracy of wearable heart rate 
monitors during aerobic exercise. Med Sci Sports Exerc 
2017;49:1697-703.

23.	 Schaffarczyk M, Rogers B, Reer R, Gronwald T. Validity of 
the polar H10 sensor for heart rate variability analysis during 
resting state and incremental exercise in recreational men and 
women. Sensors (Basel) 2022;22:6536.



Gowda, et al.: Physiological influence of 5 minute 40 CCB breathworks

Indian Journal of Physiology and Pharmacology • Volume 69 • Issue 1 • January-March 2025  |  91

24.	 Mishra V, Sen S, Chen G, Hao T, Rogers J, Chen CH, et al. 
Evaluating the reproducibility of physiological stress detection 
models. Proc ACM Interact Mob Wearable Ubiquitous Technol 
2020;4:147.

25.	 Perrotta AS, Jeklin AT, Hives BA, Meanwell LE, Warburton DE. 
Validity of the elite HRV smartphone application for examining 
heart rate variability in a field-based setting. J Strength Cond 
Res 2017;31:2296-302.

26.	 Bahi C, Irrmischer M, Franken K, Fejer G, Schlenker A, 
Deijen  JB, et al. Effects of conscious connected breathing on 
cortical brain activity, mood and state of consciousness in 
healthy adults. Curr Psychol 2023;43:10578-89.

27.	 Knyazev GG, Savostyanov AN, Levin EA. Anxiety and 
synchrony of alpha oscillations. Int J Psychophysiol 
2005;57:175-80.

28.	 Dunn BR, Hartigan JA, Mikulas WL. Concentration and 
mindfulness meditations: Unique forms of consciousness? 
Appl Psychophysiol Biofeedback 1999;24:147-65.

29.	 Huang H, Xie Q, Pan J, He Y, Wen Z, Yu R, et al. An EEG-
based brain computer interface for emotion recognition and 
its application in patients with disorder of consciousness. IEEE 
Trans Affect Comput 2019;12:832-42.

30.	 Lim S, Yeo M, Yoon G. Comparison between concentration 
and immersion based on EEG analysis. Sensors (Basel) 
2019;19:1669.

31.	 Hanouneh S, Amin HU, Saad NM, Malik AS. EEG power and 
functional connectivity correlates with semantic long-term 
memory retrieval. IEEE Access 2018;6:8695-703.

32.	 Begić D, Popović-Knapić V, Grubišin J, Kosanović-
Rajačić B, Filipčić I, Telarović I, et al. Quantitative 
electroencephalography in schizophrenia and depression. 
Psychiatr Danub 2011;23:355-62.

33.	 Tripathi V, Bhasker L, Kharya C, Bhatia M, Kochupillai V. 
Electroencephalographic dynamics of rhythmic breath-based 
meditation. bioRxiv 2022:2022-3.

34.	 Malhotra V, Javed D, Wakode S, Bharshankar R, Soni N, 
Porter  PK. Study of immediate neurological and autonomic 
changes during Kapalbhati pranayama in yoga practitioners. 
J Fam Med Prim Care 2022;11:720-7.

35.	 Lalitha S, Maheshkumar K, Shobana R, Deepika C. Immediate 
effect of Kapalbhathi pranayama on short term Heart Rate 
Variability (HRV) in healthy volunteers. J Complement Integr 
Med 2021;18:155-8.

How to cite this article: Gowda N, Vijayalakshmi K, Sooda K, Ravi S, 
Kubakaddi S, Mahesh DP. Effect of 40 continuous connected breathing 
on electroencephalogram and heart rate variability of healthy volunteers. 
Indian J Physiol Pharmacol. 2025;69:83-91. doi: 10.25259/IJPP_11_2024

https://dx.doi.org/10.25259/IJPP_11_2024

