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Abstract: Objective: The present study was conducted with the objective to determine the therapeutic effects of Kapalbhati
Pranayama on Metabolic Fitness (MetF) and Bone Integrity (BI). Methods: Forty, university level girls between the age group
of 19-25 years were selected. The subjects were purposively assigned into two groups: Group-A: Experimental (n;=20);
Group-B: Control (n,=20). The subjects from Group-A: Experimental were subjected to a 4-weeks kapalbhati pranayama.
Statistical Analysis: Student t test for paired samples was utilized to compare the means of the pre-test and the post-test.
Results: Significant differences were found in Maximal Oxygen Consumption (VO2max; t=4.5033%*), Blood Pressure (Systolic
Blood Pressure; t=6.725*, Diastolic Blood Pressure; t=7.408*) and Blood Sugar (Fasting Blood Sugar; t=8.432*, Post Prandial
Blood Sugar; t=4.207%*) of university level girls. However, insignificant between-group differences were noted in Blood Lipid
(Cholesterol; t=0.319, Triglycerides; t=0.057) and Bone Integrity (t=1.7097) of university level girls. Conclusion: Based on the
analysis of the results obtained, we conclude that the experimental group subjected to 4-week training of Kapalbhati
Pranayama brought about significant difference in Maximal Oxygen Consumption (VO2max), Blood Pressure and Blood
Sugar, whereas insignificant differences were noted in Blood Lipid and Bone Integrity of university level girls.
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function while fast breathing did not have an effect on the

1. Introduction autonomic nervous system ' Kapalbhati Pranayama is a

Our ancestors have made several invaluable contributions
for the welfare of mankind. Yoga is one of them. Maharshi
Patanjali Yoga Sutra is a universally accepted treatise on the
subject of yoga. In Indian contemplation uni-lateral
development of Personality has not been given any
importance. Pranayamic breathing has been shown to be a
beneficial clinical application in the treatment of
psychological disorders as well as physiological diseases.
Different forms of pranayama activate different branches of
the autonomic nervous system effecting oxygen consumption,
metabolism and skin resistance. Pranayamic breathing,
characterized by brief breath retention, caused significant
increases in oxygen consumption and metabolic rate while
pranayamic breathing, characterized by long breath retention,
caused lowering of oxygen consumption and metabolic rate
[ This demonstrates that slow breathing enhances
parasympathetic activation. In another study using breathing
exercises mimicking pranayama, slow breathing over a
period of three months was shown to improve autonomic

miraculous yoga breathing exercise, invented by Indian yogis
thousands years ego, for complete body fitness. It affects
even those disecases which are impossible to be cured by
medicines like cancer, diabetes, asthma. Numerous patients
have gained healthy and happy life by adopting it, in their
daily life P! The ancient science of yoga makes use of the
voluntary regulation of breathing to make respiration
rhythmic and to calm the mind ' Pranayama may also affect
the immune system. Inhibition of the sympathetic nervous
system has been shown to enhance function of the immune
system in several forms of meditation including mindfulness
meditation and Transcendental meditation > " This practice
is called ‘Pranayama’. It is an art of controlling the breath. It
involves taking in breath, retaining it then exhaling it " *
Some studies have shown the various effects of Pranayama
on young volunteers. The beneficial effects of six weeks
practice of different pranayamas are well reported and have
sound scientific basis I’} Pranayam, the fourth step of ashtang
yoga is an important component of yoga training. It is known
that the regular practice of pranayama increases
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parasympathetic tone, decreases sympathetic activity,
improves cardiovascular and respiratory functions, decreases
the effect of stress and strain on the body and improves
physical and mental health U'" ' Different types of
pranayama along with asanas produce different physiological
responses in normal young individuals. Pranayama has
immense therapeutic potential in a wide range of
psychosomatic disorders, but there is currently lack of an
adequate meta-analysis in relation to Kapalbhati Pranayama
to assess its efficacy with respect to metabolic fitness and
Bone Integrity and as a result the present study was
conducted to find out therapeutic effects of kapalbhati
pranayama on metabolic fitness and Bone Integrity.

2. Methods

Forty, university level girls of Department of Physical
Education (T), Guru Nanak Dev University, Amritsar
between the age group of 19-25 years (Mean = SD: age
22.025+1.954yrs, height 5.305+1.431 ft, body mass
55.742.593 kg) volunteered to participate in the study. The
subjects were purposively assigned into two groups:

* Group-A: Experimental (n;=20)

¢ Group-B: Control (n,=20)

All the subjects were informed about the objective and
protocol of the study. Distribution and demographics of

subjects are brought forth in table-1.

This study is designed as a retrospective cross-sectional
study. The subjects from Group-A: Experimental were
subjected to a 4-weeks training of Kapalbhati Pranayama.
This lasted 4-weeks and consisted of daily sessions.

* Maximal oxygen uptake (Voymax) was used as a
measure of cardiopulmonary fitness and was assessed
by a maximal running test on a treadmill. Maximal
oxygen uptake was scaled relative to body weight (mL.
min &2y,

* Blood samples (10 ml) for the determination of lipid
profiles were obtained. All of biochemical tests have
been done with serum samples.

* Blood pressure was measured in supine posture by
Sphygmomanometer. Two reading were taken 5 minutes
apart and the mean of two was taken as the basal blood
pressure.

* The blood sugar levels were measured by Digital
Glucometer (ACCU-CHEK, Sr no-GN20606850
manufactured by Roche Diagnostics India Pvt. Ltd,
Mumbai).

* Bone mineral density (BMD) of lumbar spine (L2-L4)
in anteroposterior view was measured by dual-energy X-
ray absorptiometry (DXA) using a Hologic QDR
1500W (Bedford, MA, USA).

Table 1. Distribution and demographics of subjects.

Sample Size (N=40)

Variables Total (N=40) Experimental group (n;=20) Control group (n,=20)
Age 22.025+1.954 22.15+1.899 21.942.049
Body Height 5.305+1.431 5.285+1.386 5.325+1.482
Body Mass 55.7+2.593 55.442.370 56+2.828
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Figure 1. Study design.
Table 2. Experimental treatment.
4-Weeks
Kapalbhati Pranayama Training Programme
Weeks Schedule Time Duration
Preliminary Yogic Exercises 5 Minute
1™ Week Practice of KapalbhatiPranayama (9 Rounds X 1 Set) 10 Minute 20 Minute
Relaxation Posture 5 Minute
Preliminary Yogic Exercises 5 Minute
2" Week Practice of Kapalbhati Pranayama (9 Rounds X 2 Set) 15 Minute 25 Minute
Relaxation Posture 5 Minute
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4-Weeks

Kapalbhati Pranayama Training Programme

Weeks Schedule Time Duration
Preliminary Yogic Exercises 5 Minute

3 Week Practice of Kapalbhati Pranayama (9 Rounds X 3 Set) 20 Minute 30 Minute
Relaxation Posture 5 Minute
Preliminary Yogic Exercises 5 Minute

4" Week Practice of Kapalbhati Pranayama (9 Rounds X 4 Set) 25 Minute 35 Minute
Relaxation Posture 5 Minute

AN 587

Figure 2. Subjects performing kapalbhati pranayama.

3. Statistical Analyses

Statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows version 16.0
software (SPSS Inc., Chicago, IL). Data is expressed as the

mean + SD. Student t test for paired samples was utilized to
compare the means of the pre-test and the post-test. The level
of significance was set at 0.05.

4. Results

Table 3. Mean values (+SD) and paired sample t-test of metabolic fitness (MetF) (i.e., maximal oxygen consumption (Vo,max), blood lipid, blood pressure and
blood sugar) in experimental and control group (n=20 each) before (pre) and after (post) 4-weeks kapalbhati pranayama training programme (experimental

group only.
Parameters Group Pre-Test Post-Test t-value p-value
I C tion (V. ) Experimental 33.74+2.28 34.70+1.53 4.5033* 0.0002
aximal Oxygen Consumption max
Ve g 02 Control 22.67+0.46 22.47+0.28 1.870 0.076
Experimental 153.96+12.08 154.12+11.93 1.023 0.319
Cholesterol
Blood Linid Control 158.34+9.94 158.37+9.98 0.876 0.391
1Pp1
P Trigl id Experimental 146.26+1.79 146.49+1.66 2.023 0.057
R Control 135.88+9.29 135.9149.25 0.010 0.991
. Experimental 117.45+1.57 118.75£1.16 6.725% 0.0001
Systolic Blood Pressure
Blood Pressure Control 125.85+3.44 126.75+2.17 1.338 0.196
. . Experimental 75.35+£2.08 77.95+2.37 7.408* 0.0001
Diastolic Blood Pressure
Control 83.50+2.31 84.35£1.79 1.669 0.111
Fasting Blood S Experimental 96.15+1.42 97.80+1.32 8.432% 0.0001
asting Blood Sugar
Blood Susar & & Control 85.70+2.94 86.40+3.44 0.782 0.443
g X Experimental 128.30+4.60 130.65+4.40 4.207* 0.0005
Post Prandial Blood Sugar
Control 133.85+3.99 134.65+2.85 0.627 0.537

4.1. Maximal Oxygen Consumption (Vo,max)

The results of Metabolic Fitness (MetF) in group
(Experimental) and group (Control) are shown in Table-3.
The Mean and Standard Deviation (=SD) values of Maximal
Oxygen Consumption (Vgomax) of pre-test and post-test of
experimental group were 33.74+2.28  &34.70+1.53

respectively. However, the Mean and Standard Deviation
(£SD) values of Maximal Oxygen Consumption (Vg,max) of
pre-test and post-test of control group were 22.67+0.46
&22.4740.28. The t-value in case of experimental group was
4.5033*and for control group it was 1.870. Significant
between-group differences were noted in Maximal Oxygen
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Consumption (Vpymax) in the experimental group before
(Pre) and after (Post) subjected to 4-weeksKapalbhati
Pranayama Training Programme since, the calculated value
of (t=4.5033%) is greater than tabulated value of t o5 (19) =
2.09for the selected degree of freedom and level of
significance. However, no significant changes over that 4-
weeks period were noted in the control group.

4.2. Cholesterol

The Mean and Standard Deviation values (£SD) of
Cholesterol of pre-test and post-test of experimental group
were 153.96+12.08and 154.12+11.93 respectively. However,
the Mean and Standard Deviation (£SD) values of
Cholesterol of pre-test and post-test of control group were
158.3449.94 and 158.3749.98. The t-value in case of
experimental group was 1.023 and for control group it was
0.876. Insignificant between-group differences were noted in
Cholesterol in the experimental group before (Pre) and after
(Post) subjected to 4-weeksKapalbhati Pranayama Training
Programme since, the calculated value of (t=1.023) is less
than tabulated value of t s (19) =2.09for the selected degree
of freedom and level of significance. However, no significant
changes over that 4-weeks period were noted in the control

group.
4.3. Triglycerides

The Mean and Standard Deviation values (xSD) of
Triglycerides of pre-test and post-test of experimental group
were 146.26+1.79 and 146.49+1.66 respectively. However,
the Mean and Standard Deviation (£SD) wvalues of
Triglycerides of pre-test and post-test of control group were
135.8849.29 and 135.914£9.25. The t-value in case of
experimental group was 2.023 and for control group it was
0.010. Insignificant between-group differences were noted in
Triglycerides in the experimental group before (Pre) and after
(Post) subjected to 4-weeks Kapalbhati Pranayama Training
Programme since, the calculated value of (t=2.023) is less
than tabulated value of tos (19) =2.09for the selected degree
of freedom and level of significance. However, no significant
changes over that 4-weeks period were noted in the control

group.
4.4. Systolic Blood Pressure

The Mean and Standard Deviation (+SD) values of
Systolic Blood Pressure of pre-test and post-test of
experimental group were 117.45+£1.57 &118.75%1.16
respectively. However, the Mean and Standard Deviation
(£SD) values of Systolic Blood Pressure of pre-test and post-
test of control group were 125.85+3.44 &126.754+2.17. The t-
value in case of experimental group was 6.725* and for
control group it was 1.338. Significant between-group
differences were noted in Systolic Blood Pressure in the
experimental group before (Pre) and after (Post) subjected to
4-weeks Kapalbhati Pranayama Training Programme since,
the calculated value of (t=6.725%) is less than tabulated value

of t o5 (19) =2.09for the selected degree of freedom and level
of significance. However, no significant changes over that 4-
weeks period were noted in the control group.

4.5. Diastolic Blood Pressure

The Mean and Standard Deviation (£SD) values of
Diastolic Blood Pressure of pre-test and post-test of
experimental group were 75.35£2.08 &77.95+2.37
respectively. However, the Mean and Standard Deviation
(xSD) values of Diastolic Blood Pressure of pre-test and
post-test of control group were 83.50+2.31&84.35£1.79. The
t-value in case of experimental group was 7.408*and for
control group it was 1.669. Significant between-group
differences were noted in Diastolic Blood Pressure in the
experimental group before (Pre) and after (Post) subjected to
4-weeksKapalbhati Pranayama Training Programme since,
the calculated value of (t=7.408%*) is less than tabulated value
of t o5 (19) =2.09for the selected degree of freedom and level
of significance. However, no significant changes over that 4-
weeks period were noted in the control group.

4.6. Fasting Blood Sugar

The Mean and Standard Deviation (£SD) values of Fasting
Blood Sugar of pre-test and post-test of experimental group
were 96.15+1.42 &97.80+1.32 respectively. However, the
Mean and Standard Deviation (£SD) values of Fasting Blood
Sugar of pre-test and post-test of control group were
85.70+£2.94&86.4043.44. The t-value in case of experimental
group was 8.432* and for control group it was 0.782.
Significant between-group differences were noted in Fasting
Blood Sugar in the experimental group before (Pre) and after
(Post) subjected to 4-weeks Kapalbhati Pranayama Training
Programme since, the calculated value of (t=8.432%)is less
than tabulated value of ts (19) =2.09for the selected degree
of freedom and level of significance. However, no significant
changes over that 4-weeks period were noted in the control

group.
4.7. Post Prandial Blood Sugar

The Mean and Standard Deviation (+SD) values of Post
Prandial Blood Sugar of pre-test and post-test of
experimental group were 128.30+4.60 &130.654+4.40
respectively. However, the Mean and Standard Deviation
(£SD) values of Post Prandial Blood Sugar of pre-test and
post-test of control group were 133.85+£3.99 &134.65+2.85.
The t-value in case of experimental group was 4.207* and for
control group it was 0.627. Significant between-group
differences were noted in Post Prandial Blood Sugar in the
experimental group before (Pre) and after (Post) subjected to
4-weeks Kapalbhati Pranayama Training Programme since,
the calculated value of (t=4.207%)is less than tabulated value
of t.05 (19) =2.09for the selected degree of freedom and level
of significance. However, no significant changes over that 4-
weeks period were noted in the control group.
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Table 4. Mean values (£SD) and paired sample t-test of bone integrity in experimental and control group (n=20 each) before (pre) and after (post) 4-weeks
kapalbhati pranayama training programme (experimental group only).

Parameters Group Pre-Test Post-Test t-value p-value
s ity Experimental 1.133+0.019 1.125+0.008 1.7097 0.1036
Control 1.148+0.024 1.149+0.021 0.2239 0.8252
Maximal . Diazs tolic . .
Omzen | Cholastarcl | Trglyesrides | * oo™ Blood F“E‘fgfj“‘* gﬁﬁ‘ﬁl
Consumphion Prssue
m Exparimental (P=) KXIES 153.96 146.26 11745 7535 96.15 1283
Exparimental (Post) M7 15412 145,45 118.75 7795 a78 130.65
Control (Pr) 267 15834 135.88 12585 835 857 133.85
=Control (Post) 247 15837 13591 126.75 M35 254 134.65

Figure 3. Mean values of metabolic fitness (MetF) (i.e., maximal oxygen consumption (v,;max), blood lipid, blood pressure and blood sugar) in experimental
and control group (n=20 each) before (pre) and after (post) 4-weeks kapalbhati pranayama training programme (experimental group only).

4.8. Bone Integrity between-group differences were noted in Bone Integrity in the
o experimental group before (Pre) and after (Post) subjected to

The' Mean and Standard Deviation (iS_D) values of Bone 4-weeksKapalbhati Pranayama Training Programme since, the
Integrity of pre-test and post-test of experimental group were  cojcylated value of (t=1.7097) is less than tabulated value of

1.133£0.019 &1.1.25'i0.008 respectively. However, 'the Mean tos (19) =2.09for the selected degree of freedom and level of
and Standard Deviation (+SD) values of Bone Integrity of pre-

test and post-test of control group were 1.148+0.024
&1.14940.021. The t-value in case of experimental group was
1.7097 and for control group it was 0.2239. Insignificant

significance. However, no significant changes over that 4-
weeks period were noted in the control group.
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Figure 4. Mean values of bone integrity in experimental and control group (n=20 each) before (pre) and after (post) 4-weeks kapalbhati pranayama training
programme (experimental group only).
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5. Conclusion

Based on the analysis of the results obtained, we conclude
that the significant differences were found in Metabolic
Fitness (MetF) (i.e., Maximal Oxygen Consumption (Vg,max,
Blood Pressure and Blood Sugar) of University Level
Girls.Insignificant between-group differences were noted in
Blood Lipid and Bone Integrity of University Level Girls.

Acknowledgements

A special acknowledgement of appreciation for this work
in preparing the original manuscript is due to assistance from
University Grants Commission (U.G.C.) New Delhi in
regards to the sanction of M.R.P (Minor and Major) Research
Projects.

References

[1] Telles, S., & Desiraju, T. Oxygen consumption during
pranayamic type of very slow-rate breathing. Indian J Med
Res, 94: 357-63, 1991.

[2] Pal, G., Velkumary, S., Madanmohan. Effect of short-term
practice of breathing exercises on autonomic functions in
normal human volunteers. Indian J Med Res, 120(2): 115-21,
2004.

(3]

(6]

(8]

[10]

Chavhan D. B. The Effect of Anulom-Vilom and Kapalbhati
Pranayama on Positive Attitude in School Going Children.
Edubeam Multidisciplinary- Online Research Journal, VII, 1:
1-8,2013.

Chodzinski J. The Effect of Rhythmic Breathing on Blood
Pressure in Hypertensive Adults. J of Undergraduate Res, 1(6):
78-98, 2000.

Collins M., & Dunn L. The effects of meditation and visual
imagery on an immune system disorder: dermatomyositis. J
Altern Complement Med, 11(2): 275-84, 2005.

Takahashi T. Changes in EEG and autonomic nervous activity
during meditation and their association with personality traits.
Int J Psychophysiol 55(2): 199-207, 2005.

Sri Paramhansa, Y. God Talks with Arjuna. The Bhagavad
Gita, Royal Science of God-Realization. The immortal
dialogue between soul and spirit. A new translation and
commentary, chapter IV verse 29. YSS Publication, 496-507,
2002.

Swami Ramdev. Chapter: Hatha yoga and Satkarma. In: Yoga
sadhana and Yog chikitsa rahasya. Divya prakashan. Divya
yog mandir (trust). Kanakhal. Haridwar, 114-20, 2004.

Joshi, L.N., Joshi, V.D., & Gokhale, L.V. Effect of short term
pranayama on breathing rate and ventilatory functions of
lungs. Indian J Physiol Pharmacol, 36(2): 105-8, 1992.

Bhargava, R., Gogate, M.G., & Mascarenhas, J.F. Autonomic
responses to breath holding and its variations following
pranayama. Indian J Physiol Pharmacol, 42: 257-64, 1988.



