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Abstract

Kapalabhati pranayama is one of the most famous, frequently practiced and researched
pranayama in yoga. Several studies have been conducted to determine whether kapalabhati
pranayama has any potential health benefits. There were no reviews available that collected
and summarized those experimental studies on potential health benefits. This PubMed based
review was designed to examine all currently available experimental research on kapalabhati
pranayama and psychophysiological variables. In the final review for qualitative synthesis, 22
experimental research - including one single arm clinical trial, twenty clinical controlled trials
and one randomized control trial between 1991 and 2023 were included based on PubMed
search conducted in February 2024. The findings showed that kapalabhati pranayama was found
to be altered in cerebral activity, heart rate variability, attention, and anxiety. This pranayama has
the beneficial effects of improving attention and reducing anxiety. This review of the literature
looked at every experimental investigation on psychophysiological variables conducted on
kapalabhati pranayama. To conduct more in-depth experiments on kapalabhati pranayama in the
future, researchers can use the information found to identify gaps in the current literature.

Keywords: Kapalbhati pranayama; Skull shining breath; Yogic breathing; Yoga breathing;
Breathing exercise.

INTRODUCTION

oga, which has been shown to have many
beneficial effects on human physiology, is
primarily known for its pranayama.’® One such
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popular, frequently practiced and well studied
pranayama in yoga is kapalabhati pranayama.
The practice of kapalabhati pranayama, which is
recommended by traditional yoga sources and
said to reduce kaphadoshas (In Ayurveda, diseases
resulting from an imbalance of water elements are
referred to as kaphadoshas), involves inhaling and
exhaling as rapid as the bellows of a blacksmith.*

Many experiments have been conducted
to discover the potential health benefits of
kapalabhati  pranayama. Reviews that compiled
those experimental investigations for kapalabhati
pranayama were not yet available. With the intention
of examining all currently available experimental
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research on the effects of kapalabhati pranayama
on psychophysiological variables, a preliminary
PubMed based review was planned.

METHODS

PubMed served as the basis for our literature
review. The search strategy “keywords in title,
abstract” technique was used to search PubMed
in February 2024. Terms were searched that relate
to or describe the kapalabhati pranayama practice
(such as kapalbhati, kapalabhati, skull shining
breath, and (High Frequency Yoga Breathing)).
The electronic search strategy for PubMed was
“(kapalbhati  [Title/ Abstract]) OR (kapalabhati
[Title/ Abstract]) OR (skull shining breath [Title/
Abstract]) OR ((High Frequency Yoga Breathing)
[Title/ Abstract])”.

For a study to be selected, it must meet the
following eligibility requirements: (1) Type of
study: All experimental trials were considered
eligible, including single-arm clinical trials,
controlled clinical trials and randomized control
trials. However, review papers, case studies,
research protocols and conference abstracts were
not included. (2) Types of interventions: Trials
examining the individual impact of the practice
of kapalabhati pranayama were included. Trials that
did not use kapalabhati pranayamaas an intervention
or that combined it with other practices were
excluded. (3) Types of participants: Trials on

human subjects of any age group, whether healthy
or sick, were included. (4) Types of outcomes:
Trials assessing any psychophysiological outcome
were included. Trials without any connection to
psychophysiological outcomes were excluded.

Essential data points from each included trial
were extracted and condensed. Information about
study design, participant characteristics (sample
size and demographic information, such as age and
gender), interventions, assessments and outcomes,
and researchers' country of affiliation and year of
publication were taken from all included studies.
The extracted data was used in areas where it was
needed.

RESULTS

Using the search terms in PubMed, 54 results
were identified; After eliminating duplicate records,
48 studies were screened and evaluated to read
the full text. For the following reasons, 26 studies
were excluded: (i) eight studies were on kapalabhati
pranayama combined with other practices,>? (ii)
eight studies were review papers or not related to
kapalabhati pranayama,’> (iii) seven studies assessed
different outcome variables,”? (iv) two were case
studies,®* and (v) a corrigendum.*® Twenty-two
studies were included in the final review for
qualitative synthesis.*>* The detailed information
about each included research trial is provided in
Table 1.

Table 1: Summary of included eligible studies on kapalabhati pranayama and psychophysiological variables:

Citation Participants; Study design; and Duration of Variables Results
conducted country kapalabhati measured
Kala, 2023 38 Healthy male participants 15 minutes Heart rate An increase in P300 peak amplitude
(mean age 24.1 years); variability, at Pz was recorded after the
Controlled clinical trial attention practice and no change in Heart
(pre-post design); India. rate variability compared to
baseline.
Sharma, 2022% 38 Healthy male participants 15 minutes  Attention, anxiety Total attempted scoreand net
(mean age 24.1 years); attempted score increased as well
Controlled clinical trial as state anxiety score decreased
(pre-post design); India. after the practice compared to
baseline.
Kumar, 2022% 16 Healthy male participants 1 minute Cerebral End diastolic velocity and mean
(mean age 23.7 years); hemodynamics flow velocity decreased with
Controlled clinical trial increased pulsatility index in the
(pre-during-post design); India. middle cerebral artery during the
practice compared to baseline.
Malhotra, 2022% 20 Healthy participants of 5 minutes EEG brain SDNN, PNN50, RMSSD, HF
both gender (mean age 44 waves, heart rate decreased, and LF power (nu%)
years); Single arm clinical trial variability and LF/HF ratio increased

(pre-during-post design); India.

during the practice. There was
no significant changes in the EEG
brain waves.

Table cont...
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Nivethitha, 2021%

Telles, 2019%

Gupta, 2019¥

Nivethitha, 2018%

Telles, 2016%

Bhargav, 2014*

Telles, 20144

Pradhan, 2013*

Telles, 2012%

Telles, 2012*

Telles, 20114

Telles, 20114

Joshi, 2009*7

20 Healthy participants of
both gender (mean age 23.4
years); Controlled clinical trial
(pre-during-post design); India.

61 Healthy participants of
both gender (mean age 11.2
years); Controlled clinical trial
(pre-post design); India.

15 Healthy participants of
both gender (mean age 20
years); Controlled clinical trial
(pre-post design); India.

18 Healthy participants of
both gender (mean age 23.8
years); Controlled clinical trial
(pre-during-post design); India.

40 Healthy male participants
(mean age 26.4 years);
Controlled clinical trial
(pre-during-post design); India.

36 Participants of both gender
(18 schizophrenia patients, and
18 healthy participants) (mean
age 28.9 years); Controlled
clinical trial (pre-during-post
design); India.

50 Healthy male participants
(mean age 26.9 years);
Controlled clinical trial
(pre-post design); India.

36 Healthy participants of
both gender (mean age 25.7
years); Controlled clinical trial
(pre-post design); India.

96 OPD patients of both
gender (mean age 39.3 years);
Controlled clinical trial
(pre-post design); India.

12 Healthy male participants
(mean age 27.2 years);
Controlled clinical trial
(pre-during-post design); India.

38 Healthy male participants
(mean age 23.3 years);
Controlled clinical trial
(pre-during-post design); India.

30 Healthy male participants
(mean age 26.9 years);
Controlled clinical trial
(pre-post design); India.

30 Healthy male participants
(mean age 26 years); Controlled
clinical trial (pre-post design);
India.

5 minutes Blood pressure,
cardiac output
15 minutes  Attention, anxiety
15 minutes Spatial memory
1 minute Cerebral
hemodynamics
15 minutes Cerebral
hemodynamics
1 minute Cerebral
hemodynamics
15 minutes Motor speed
1 minute, Attention
and 5
minutes
10 minutes Attention, motor
skill
15 minutes Cerebral
hemodynamics
15 minutes Heart rate
variability
15 minutes Optical Illusion
1 minute Attention

Systolic blood pressure, diastolic
blood pressure, mean blood
pressure, heart rate, and cardiac
output increased with a decrease in
PI during the practice.

Total attempts and net scores
increased as well as anxiety scores
decreased after practice.

There was no significant changes
observed in spatial memory.

End diastolic velocity and mean
flow velocity decreased with
increased pulsatility index in the
middle cerebral artery during the
practice compared to baseline.

Decreased in oxy-hemoglobin
during and after practice compared
to baseline.

Bilateral oxy-hemoglobin and

total-hemoglobin increased in
healthy participants during the

practice compared to baseline.
On the other hand, a decrease in
deoxy-hemoglobin was observed
in the right pre-frontal cortex in

schizophrenia patients.

The speed of both finger tapping

and arm tapping increased after

practice. Hand grip strength also
increased after the practice.

Increase in errors in the digit-letter
substitution task (DLST) after
practice. In contrast, scores on the
six-letter cancellation task (SLCT)
remained completely unchanged.

Finger dexterity increased and
errors decreased after practice
compared to baseline. A reduction
in the time taken to complete shape
and size discrimination tests was
also observed.

Decreased in oxy-hemoglobin and
increased in deoxy-hemoglobin
during and after the practice
compared to baseline.

Reduction in NN50, PNN50 and
mean RR interval during and after
the practice compared to baseline.

The degree of optical illusion
decreased after practice.

P300 peak latency decreased after
practice.
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Telles, 2008 110 Healthy participants 15 minutes Attention Total errors decreased in medical
of both gender (46 medical students, net scores increased in
students, 48 middle-aged middle-aged and older adults after
adults, and 16 older adults) Ppractice.
(mean age of medical students,
middle-aged adults, and older
adults was 20.1, 35, and over 60
years, respectively); Controlled
clinical trial (pre-post design);
India.
Raghuraj, 1998* 12 Healthy male participants 1 minute Heart rate Increased in low frequency power
(mean age 25.6 years); variability and LF/HF ratio; whereas high
Controlled clinical trial frequency power decreased after
(pre-post design); India. practice compared to baseline.
StancAjk, 1991 17 Healthy participants of 15 minutes Heart rate Increased in heart rate, systolic
both gender (mean age not variability, blood blood pressure, and diastolic
mentioned); Controlled clinical pressure blood pressure during practice. All
trial (pre-during-post design); frequency bands of R-R interval
Canada. variability were reduced in
kapalabhati practice.
StancAjk, 1991%" 11 Healthy participants of 15 minutes  EEG brain waves There was an increase in alpha
both gender (mean age not activity during the initial 5 minutes
mentioned); Controlled clinical of kapalabhati practice, with an
trial (pre-during-post design); increase in beta 1 activity during
Canada. the first 10 minutes of kapalabhati
practice in occipital and to a lesser
extent in parietal regions; and
theta activity was increased during
the later stages of 15 minutes of
kapalabhati practice mostly in the
occipital region, compared to the
baseline. Alpha and beta 1 activity
decreased and theta activity was
maintained on the level of the
initial resting period after the
Ppractice.
StancAjk, 1991% 24 Healthy participants of both 15 minutes Heart rate Blood pressure increased during
gender (mean age 36.3 years); variability, blood  the practice. A 0.1 Hz rhythm was
Controlled clinical trial (pre- pressure present in the R-R interval records.

during-post design); Canada.

Effect  of  kapalabhati
psychophysiological variables

pranayama  on

The included researches showed the information
on the effects of kapalabhati pranayama on EEG
brain waves, cerebral hemodynamics, heart rate
variability, attention, anxiety, finger tapping
speed, shape and size discrimination, and optical
illusion handling. Different durations of kapalabhati
pranayama practice were associated with increases
in alpha, beta 1 and theta activity.”! There was less
oxyhemoglobin and more deoxyhemoglobin during
and after the practice of kapalabhati pranayama.?** In
the middle cerebral artery, end diastolic and mean
flow velocities decreased with increased pulsatility
index during kapalabhati pranayama >

The heartrate variability results showed
reduction in SDNN, PNN50, PNN50, mean RR
interval, RMSSD, and HF; and increased in LF
power and LF/HF ratio during and after the

practice of kapalabhati pranayama**° There was
also increased in cardiac output, systolic, diastolic
and mean blood pressure during the practice.?>2

Afterpractice,adecreaseintotal errorsinattention
tasks, an increase in total attempted score, and an
increase in net attempted score in the six-letter
cancellation task (SLCT) were observed. These
results were confirmed by objective measurements
of the P300, which showed a reduction in P300 peak
latency and an increase in peak amplitude.332%64748
However, after practice, errors in the digit-letter
substitution task (DLST) increased according to
one study.” There was also decreased in state
anxiety score following the practice of kapalabhati
pranayama.?>3

The speed of tapping hands and fingers
increased, finger dexterity increased and errors
were reducedafter the practice.* It was also noted
that the duration of time taken to complete shape
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and size discrimination tests was reduced.”
The optical illusion was also reduced after the
practice.*

Adverse events

No complaints or adverse events were observed
in any of the included studies of kapalabhati
pranayama. However, the emergency department
received a report of pneumothorax caused by
kapalbhati pranayama from a 29-year-old healthy
woman in a case study.?

DISCUSSION

The overall results of the effect of kapalabhati
pranayama  on  psychophysiological variables
indicated that the practice affected brain wave
activity, decreased cerebral blood flow, and
decreased oxyhemoglobin in the cerebral cortex. In
accordance with the heart rate variability findings,
there was a decrease in parasympathetic activity
and an increase in sympathetic activity during
and after the practice of kapalabhati pranayama.
Additionally, following kapalabhati pranayama,
there was a reduction in anxiety and improvement
in attention.

Anincrease in theta, alpha and beta 1 activity was
found with different lengths of kapalabhati pranayama
practice; On the other hand, decreased in the alpha
and beta 1 and theta activity remained maintained
after the practice.” These findings from kapalabhati
pranayama suggest a relative increase in slow EEG
frequencies and an increase in subjective relaxation
after practice. A decrease in oxyhemoglobin and an
increase in deoxyhemoglobin suggest that there was
no frontal activation during and after kapalabhati
pranayama.®** In the middle cerebral artery, end
diastolic and mean flow velocity, which decreased
with increase in pulsatility index suggested
decreased cerebrovascular blood flow and higher
flow resistance during kapalabhati pranayama >

The results of heart rate variability demonstrated
an increase in LF power and LF/HF ratio and a
decrease in SDNN, PNN50, HF, mean RR interval,
RMSSD and PNN50 during and after the practice of
kapalabhati pranayama.?>*>* The findings showed that
parasympathetic modulation was reduced during
and after kapalabhati pranayama practice by reducing
vagal activity and increasing sympathetic activity.

After the practice of kapalabhati pranayama,
anxiety levels decreased and attention levels
increased.*??%474  These results imply that
kapalabhati pranayama, improves selective attention

for an auditory oddball task, increases attentional
brain resources and reduces the time required
for this task. Sustained attention was also found
increased after this practice. The findings suggest
that kapalabhati pranayama may be a simple, quick
and effective technique to increase attention and
reduce anxiety.

CONCLUSION

In conclusion, the overall findings showed that
kapalabhati pranayama altered cerebral activity,
heart rate variability, attention, and anxiety. This
pranayama has the beneficial effects of improving
attention and reducing anxiety. In this evaluation
of the literature each experimental study on
psychophysiological ~variables conducted on
kapalabhati pranayama was examined. Researchers
can identify gaps in the current literature and
use the information to conduct more rigorous
experiments on kapalabhati pranayama for future
experiments.

LIMITATIONS

The quality of the included studies was not
assessed, and the wide range of clinical trials
included in this review may have influenced the
findings. None of the included studies indicated
that kapaalbhati pranayama had any long-term
effects; Instead, the studies assessed the short-term
effects (follow-up periods ranging from one minute
to fifteen minutes). Most of the included studies
used designs for clinically controlled trials, with
RCTs making up a very small proportion of the
investigations.
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