Online ISSN: 2250-3137
Print ISSN: 2977-0122

International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 13, No. 9, September 2024

DOI: 10.69605/ijlbpr_13.9.2024.83

ORIGINAL RESEARCH

Can yogic breathing exercise improve
“Lung age” and respiratory muscle
performance: A short-term prospective
study

!Dr. Dipak Kumar Dhar, 2Dr. Abha Shrivastava, *Dr. Somlata Jha

1 Associate Professor, 2Professor and Head, Department of Physiology, Himalayan Institute of Medical Sciences,
Swami Rama Himalayan University, Jolly Grant, Dehradun, Uttarakhand, India
3Assistant Professor, Yoga Science and Holistic Health, Himalayan School of Yoga Sciences, Swami Rama
Himalayan University, Jolly Grant, Dehradun, Uttarakhand, India

Corresponding author
Dr. Dipak Kumar Dhar
Associate Professor, Department of Physiology, Himalayan Institute of Medical Sciences, Swami Rama
Himalayan University, Jolly Grant, Dehradun, Uttarakhand, India
Email: dhardkd90@gmail.com

Received Date: 25 August, 2024 Accepted Date: 29 September, 2024

ABSTRACT

Background: Aging is associated with a decline in lung function, primarily due to structural changes and reduced
respiratory muscle strength. Studies show that yogic breathing practices, known as pranayama, can cause improvement in
ventilatory functions of the lungs as well as respiratory muscle strength. However, there are variations in terms of type of
yogic breathing used and the duration for which it was done. “Lung age” was a novel concept introduced to convey the
overall functional status of the lungs upon spirometry. This index compares the forced expiratory volume performed by a
subject vis-a-vis the expected values for the subject’s physical and ethnic characteristics and derives an estimated age of the
lung. No studies on the effect of yoga on lung age have been reported. All these factors necessitated the present study.
Obijective: The study was conducted with the objective of assessing the effect of combined practice of Bhastrika pranayama
(fast breathing, vitalizing pranayama) and Nadishodhana pranayama (slow, alternate nostril breathing, cooling pranayama)
for 6 weeks on the maximum voluntary ventilation (MVV) and lung age of young adults. It also sought to quantify the extent
of the change. Methods: A prospective cohort study was done on 21 healthy participants aged 18-25 years. Participants
underwent a six-week pranayama program consisting of Bhastrika and Nadishodhana. Digital spirometry with RMS Helios
401 was used to measure spirometric lung age and MVV. They were performed at baseline and repeated after 6 weeks.
Comparison was done using paired t-test. Extent of change in percentage and difference between lung age and chronological
age was also calculated. P-value < 0.05 was considered statistically significant. Results: A small but significant increase
(about 6%) in MVV was observed following the pranayama practice, suggesting improved respiratory muscle strength and
ventilatory reserve. However, no significant changes were found in spirometric lung age. Conclusion: This study provides
evidence that pranayama can enhance respiratory muscle performance, as measured by MVV, in healthy young adults. While
further research is needed to explore the long-term effects and potential benefits for older populations, the findings suggest
that pranayama may be a valuable adjunct to maintaining respiratory health.
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INTRODUCTION contact with a range of mechanical, chemical,

Aging is a continuous process since our birth. In the
early decades of life, our bodily functions increase
andreach a maximum and from the mid-twenties, the
physiologic reserve of the organ systems gradually
starts declining.!IThe respiratory system is uniquely
poised in the human body to be continuously exposed
to outside environment to perform their existential
function of breathing. And in this process, it comes in
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biological, and xenobiotic agents which cause cellular
stress.This puts the lungs at the possibility of
accelerated decline compared to the other organ
systems. With age, there is a decrease in the volume
of thoracic cavity because of structural changes in the
skeletal system and elastic properties of the lung and
chest wall. There is also a progressive decrement in
the strength and efficiency of the muscles that bring
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about respiration. @ It is estimated that overall muscle
function of the body decreases by about 2% every
year Elattributed to several cellular changes like
mitochondrial alterations, myofiber disorganization
and transition from one metabolic type to another. ©3
All of these factors could manifest as age-associated
abnormalities in spirometric lung indices. Reduced
compliance, muscle strength and increased residual
volume are well-documented age-related outcomes on
lung function testing. ©-°!

Spirometric “Lung age” was a novel concept proposed
in 1985 by Morris and Temple to give a global
impression of the spirometricmeasurements.Its
fundamental premise is a comparison of the expected
effect of ageing on the pulmonary function vis-a-vis
the presumed additional decline because of any
external factors. Lung age is derived from
measurements of Forced expiratory volumes and
estimating the age of the lung that would produce this
finding using regression equations and reference
values of the general population. %2 Chronological
age and lung age should ideally conform to each other
and an abnormal lung age would imply an accelerated
decline of lung functions than what would normally
happen due to aging. Lung age has been used by the
Japanese Respiratory Society to describe the overall
respiratory function of patients. Several studies have
since further validated its use and accuracy in various
settings like predicting survival in patients with lung
cancer and postoperative respiratory complications
following  surgeries.  R34Maximum  voluntary
ventilation (MVV), also called as maximal breathing
capacity (MBC) is defined as the maximal volume of
air that can be moved in and out of the lungs by
voluntary effort in 1 minute. ™ it reflects the
respiratory muscle performance and allows estimation
of the ventilatory reserve especially during
exercise.[16 171

Yogic literature as well as recent scientific studies
suggest that yoga can be one of the ways by which
physiological reserve of the organs can be maintained.
It has been shown to have manifold benefits on the
human body. [19?2Scientists describe a bottom-up
effect which is mediated by asanas (yogic postures)
and pranayama (yogic breathing) and a top-down
cognitive  control  which is mediated by
meditation.?*?Pranayama is one of the components
of the classical eight-fold path of yoga or “Ashtanga
Yoga” as described by Maharishi Patanjali in his
“Yoga Sutras” or aphorisms. In is derived from two
Sanskrit words “prana” meaning vital force or “life
energy” and “ayama” meaning control.*8Although,
there are studies pertaining to the effect of yogic
breathing on pulmonary function, no studies could be
found on lung age. As far as MVV is concerned, most
studies show that there is an increase but most of them
do not quantify the extent of change. ?>%¢They also
vary in terms of the yogic breathing protocol followed
and total study duration after which effects were seen.
A meta-analysis on the same concluded that yoga
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increases respiratory muscle strength and fitness.[?
However, some authors have also reported that no
change is observed in the dynamic lung functions with
practice of pranayama. B

The present study therefore attempted to explore the
effect of a combined practice of fast (Bhastrika
pranayama) and slow (Nadishodhana pranayama)
yogic breathing, done for about 20 minutes a day for 6
weeks on the maximum voluntary ventilationand
understand the variability mentioned above. With
regard to use of spirometric lung age, it was a pilot
project with this index being used for the first time in
research pertaining to yoga.

MATERIALS AND METHODS

The study was done using a prospective cohort design
on 27 healthy young volunteers, from both the sexes,
in the Department of Physiology from October 2023
to March 2024. Sample size was calculated using G-
power (version G*Power 3.1.9.2) which is a widely
acclaimed and reliable software used for computation
of sample size. B% 32 Data from a previous study
showed a significant increase in MVV after
Bhastrikapranayama (Baseline MVV = 114.0 £ 32.44
L and Post-yoga MVV = 157.67 + 24.23 L).PSIA-
priori type of power analysis was chosen and input
parameters required for paired t-test (which is the
statistical test of choice for the study), were fed into
the software. The details were two-tailed analysis, a-
error probability (0.05), power of the study (0.95)
andeffect-size (1.49) which was calculated from the
above-mentioned study. The minimum calculated
sample size came out to be 8. However,we recruited
more subjects to account for any probable drop-outs.
Convenience sampling technique was used to select
the subjects. Prior approval was obtained from the
Institutional Ethics Committee (vide letter no
HIMS/RC/2023/187) and informed consent was taken
from all the subjects before starting the study.

Selection criteria: The study included young adults,
18-25 years old and who were willing to perform
yogic breathing practices for at least six weeks.
Participants were excluded if they had a history of
smoking, alcoholism, substance abuse, or any existing
health conditions such as hypertension, diabetes, heart
disease, respiratory problems, spinal or thoracic cage
deformities, or current medication use. Individuals
who were already involved in physical training (like
aerobic exercise or resistance training) or had prior
yoga experience were also not eligible, as these
factors could influence the results. Throughout the
study, participants who did not consistently attend the
sessions or show adequate compliance to the
instructions were not included in the final data
analysis.
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Methodology

Anthropometric parameters and Body Mass Index
(BMI)

The participants' height was measured to the nearest
0.1 cm while standing barefoot with their head in the
Frankfurt horizontal plane and back against the wall.
Two measurements were taken for each participant,
and the average was recorded as their height. Weight
was measured to the nearest 0.1 kg using a weighing
machine (KRUPS, Mfg. by Doctor Beli Ram & Sons)
after removing shoes and wearing only light clothing.
Any gadgets, such as wristwatches or mobile phones,
were also removed before measuring. Two
measurements were taken, and the average was
recorded as the participant's weight. (3

Measurement of Spirometric Lung age

It was measured using a digital spirometer, RMS
Helios 401 (1SO 9001:2015, EN ISO 13485: 2016) in
a sitting position.Participants were advised to get
enough sleep and avoid certain beverages before the
tests. Their personal information, such as age, sex,
status of smoking and physical measurements, was
entered into the spirometer software. The Forced Vital
Capacity (FVC) maneuver was used, which involves
taking a deep breath and then exhaling as forcefully as
possible into the mouthpiece of the device. This was
followed by another deep breath in, and the best of
three such attempts was recorded. 16341 The lung age
in years corresponding to the subject’s performed
forced expiratory maneuver for comparable height,
weight, and ethnicity was calculated by the software
using regression equations derived from large-scale
population surveys. These predicted values were
calculated using data from large population-based
surveys conducted as part of the Global Lung
Function Initiative (GLI) Network.[*®*IThe difference
between the estimated lung age (L) and chronological
or real age (R) was also calculated (L-R).

Measurement of Maximal voluntary Ventilation
(MVV)

This was also done using digital spirometry. Before
starting, the subject was asked to put the mouthpiece
in place and take at least three tidal breaths. This was
followed by breathing as quickly and deeply as
possible into the mouthpiece, making sure their
tongue and teeth did not block airflow, preferably
reaching a breathing rate of 90-110 breaths per
minute. The recording was done for minimum 12s and
maximum 15s. The highest of two such attempts was
recorded as the MVV of the subject as per
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standardization statement of ATS and ERS Task
Force on spirometry.[*6: 361

Practice of pranayama
Two yogic breathing exercises, Bhastrika Pranayama
and Nadishodhana Pranayama were taught to the
participants by a certified yoga instructor and
practiced for about 20 minutes, six days a week, for
six  weeks under  supervision.Thespirometric
recordings were repeated after 6 weeks.

a) Bhastrika Pranayama or “bellow’s breathing”
involves  rapid, deep breathing cycles.
Participants sat in a meditative posture and began
with a deep breath followed by quick expulsions
of breath. After 20 expulsions, they held their
breath for as long as they comfortably could and
then slowly exhaled.[*®3"1 This was one round,
and participants performed three rounds with
short breaks in between. It was done for
approximately 10-15 minutes.

b) Nadishodhana Pranayama is a slow, rhythmic
alternate nostril breathing exercise. Participants
sat in Sukhasana with their eyes closed and
performed hands in nasika mudra. They inhaled
through one nostril, exhaled through the other,
and then repeated the process with the opposite
nostril. This was one round, and participants
performed alternate nostril  breathing for
approximately 5-10 minutes.8:37]

Statistical Analysis

SPSS wversion 17 (Manufactured by SPSS Inc.,
Chicago, USA) was used to analyse the data. A p-
value of less than 0.05 was considered statistically
significant. The spirometric lung age, L-R and MVV
were expressed as mean values with standard
deviation. Paired t-tests were used to compare the
values at baseline and follow-up.

RESULTS

Twenty-one participants completed the study,
including nine males and twelve females. Table 1
shows the average physical characteristics of the
participants, with a mean age of 18.81 + 1.37 years
and a mean BMI of 22.89 + 3.75 kg/m2Table 2
presents the spirometric indices of the participants
before and after six weeks of pranayama. A slight but
statistically significant increase was observed in MVV
as demonstrated in Figure 1. The difference between
lung age and real or chronological age (L-R) at the
outset and after 6 weeks of pranayama is also shown
in Table 2.

Table 1: Anthropometric parameters of the participants

Chronological or Real Age (in years)
Male (N = 9) 19.33 + 1.66
Female (N = 12) 18.42 +0.99
Overall (N=21) 18.81+ 1.37
Height (in cm)
Male (N=9) | 174.89+8.13
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Female (N=12)

161.33 +6.88

Overall (N=21)

167.14 +9.99

Weight

in kg)

Male (N =9)

68.78 + 13.87

Female (N =12)

61.16 + 9.67

Overall (N=21)

64.42 +11.97

Table 2: Comparison of mean MVV and lung age before and after yogic breathing practices

S.N

Spirometric indices

Baseline After 6 weeks of pranayama

1

Lung Age estimated (in yrs.)

19.33+2.73

18.67 +2.06

2

Calculated Lung age -Real age (L-R) (in yrs.)

0.52 +0.30

-0.14+1.96

3

MVV (percent-predicted value)

97.38+21.13%

101.67 +18.43 %

* Paired t-test, P-value < 0.05 statistically significant

8.00%

5.91%

6.00%

4.00%

2.00%

0.00%
MVV

-2.00%

-4.00%

DISCUSSION

The present study found that practicing Bhastrika
Pranayama for 10-15 minutes followed by
Nadishodhana Pranayama for 5-10 minutes, six days a
week for six weeks, resulted in a small (6%) but
significant increase in  Maximum Voluntary
Ventilation (MVV). These findings are consistent
with previous research by other authors, which
suggests that pranayama can improve respiratory
function.?>21A study done in 1980s by Makwana et
al also reported an increase in MVV along with
breath-holding time. [l These studies have been
reported in literature over a period of three to four
decades and have used different spirometric devices.
The consistency in effect further validates our
findings and adds more evidence to scientific
literature pertaining to the effect of pranayama. The
studies also varied in the specific types of pranayama
used, the duration of each session, the frequency of
practice, the length of the study, and the
characteristics of the participants like the age. For

©2024Int. J. LifeSci.Biotechnol.Pharma.Res.

Lung age

-3.42%

Figure 1: Percentage change upon initial values observed in MVV and Lung age

example, Garg S et al showed an increase in MVV
with Nadishodhana pranayama,’® which is a slow
breathing technique whereas Budhi RB et al reported
a similar trend with Bhastrika pranayama which is a
fast-breathing technique. P The present study
attempted to observe the effects of a combined fast
and slow breathing technique. And despite using a
different approach, MVV still increased by about 6%
over 6 weeks.

Because the process of MVV involves rapid and deep
breathing for 12-15 s, it depends heavily on the
contractions of the primary and accessory muscles of
inspiration and expiration. Therefore, it is often
considered as surrogate marker of respiratory muscle
endurance and ventilatory reserve of the subject
especially  during  cardiopulmonary  exercise
testing.'61Bhastrika pranayama has been described
as a “vitalizing” pranayama, one which increases the
flow of “prana” in the pranic body. [8IFrom a
physiological perspective, it is similar to controlled
hyperventilation, which can activate the sympathetic
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nervous system. [¥40 Studies have shown that the
sympathetic nervous system affects skeletal muscles
by influencing blood flow, metabolism, muscle repair,
and the growth of muscle stem cells. “ It also affects
the thickness of myelin and the composition of muscle
fiber subtypes. Activation of the sympathetic nervous
system has been associated with anabolic and
neuroprotective effects on the muscles. 2 In the
context of this study, these findings suggest that
improved skeletal muscle mass and function of the
diaphragm and other respiratory muscles could
contribute  to the  observed  benefits of
pranayama.Nadishodhana pranayama is a balancing
breathing exercise that promotes better balance
between the sympathetic and parasympathetic nervous
systems. The focus on slow and deep breathing helps
to improve the efficiency of the diaphragm and other
respiratory muscles.

Yogic practices have also been suggested to have a
conditioning effect on the general bodyframeworks
which could also have a faciliatory
effect.*34IPosadzkiet al in their study concluded that
yogic interventionimproves blood circulation and
enhances the quality of respiratorymuscles. 3t has
also been reported that pranayama may influences the
interaction and balance between the various reflex and
automatic components of the neural control of
respiration which are located in the bulbopontine
region of the brainstem, and the voluntary control
mediated by the cortex. A stronger cortical influence
could also potentially contribute to an improvement in
MVV, [l

The present study also showed that after 6 weeks of
pranayama, the estimated spirometric lung age
decreased by about 3.42%. Ideally, a person's
chronological age and lung age should match. If a
person's lung age is higher than their chronological
age, it indicates that their lung function is declining at
a faster rate than expected for their age. The
difference between lung age and real age is used to
estimate the severity of functional impairment. For
example, if a 50-year-old person has a lung age of a
60 years old, then the change in lung age is 10 years,
indicating there may be an impairment of his lung
function.1In our study, the difference between lung
age and real age (L-R) reduced from a positive to a
negative value after 6 weeks very marginally, which
would imply that as far as ventilatory mechanics are
concerned, the practice of pranayama seemed to have
a beneficial effect. But this change was not
statistically significant. No studies have been reported
with regard to the effect of yogic breathing on this
spirometric index.

CONCLUSION

The present study found that combining fast and slow
yogic breathing techniques, Bhastrika Pranayama and
Nadishodhana Pranayama respectively can improve
the ventilatory reserve measured in terms of
maximum voluntary ventilation.  Because MVV
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emphasizes on fast rate, more depth and sustaining
breathing for a certain duration during the maneuver,
our findings suggest that respiratory muscle strength
and endurance both become better with yogic
breathing. We also conclude that dedicating only 15-
20 minutes per day to these practices can produce
cumulative benefits, making them suitable for busy
lifestyles. It also showed that in young adults, yogic
breathing did not affect the spirometric lung age.

Limitations and challenges

One of the challenges in this study was ensuring
consistent practice among the participants. People are
often more motivated to continue practicing when
they experience noticeable changes in their physical
well-being, which may take some time. This study
was limited to six weeks, and longer-term studies
could provide a clearer understanding of the extent of
the changes that can occur with pranayama practice.

Acknowledgements

The authors express their sincere gratitude to Swami
Rama Himalayan University, Jolly Grant, Dehradun
for supporting the project. The authors also
acknowledge the help offered by Dr.Parvinder Kaur
Saini, Department of Physiology, Himalayan Institute
of Medical Sciences,Mr.Navneet and Ms.Ritu, PhD
scholars, Himalayan School of Yoga Sciences, Swami
Rama Himalayan University.

REFERENCES

1. Bijlani RL, Manjunatha S. Understanding medical
Physiology.4th edition. Jaypee Brothers Medical
Publishers; 2011.

2. Lowery EM, Brubaker AL, Kuhlmann E, Kovacs EJ.
The aging lung. Clininterv Aging. 2013;8:1489-96.
doi: 10.2147/CIA.S51152. Epub 2013 Nov 6. PMID:
24235821; PMCID: PMC3825547.

3. Arora NS, Rochester DF. Effect of body weight and
muscularity on human diaphragm muscle mass,
thickness, and area. J Appl Physiol. 1982;52(1):64—70.

4. Brown M, Hasser EM. Complexity of age-related
change in skeletal muscle. JGerontol A BiolSci Med
Sci. 1996;51(2):B117-B123

5. Mobasheri A, Mendes AF. Physiology and
pathophysiology of musculoskeletal aging: current
research trends and future priorities. Front Physiol.
2013:4:73.

6. Seung Hun Lee, SudinYim, HoCheol Kim. Aging of
the respiratory system. Kosin Medical Journal
2016;31:11-18.
http://dx.doi.org/10.7180/kmj.2016.31.1.11

7. Janssens JP. Aging of the respiratory system: Impact

on pulmonary function tests andadaptation to exertion.

Clin Chest Med 2005;26:469-84.

Meyer KC. Aging. Proc Am ThoracSoc 2005;2:433-9.

Sharma G, Goodwin J. Effect of aging on respiratory

system physiology andimmunology. Clininterv Aging.

2006;1(3):253-260

10. Morris JF, Temple W. Spirometric “lung age’
estimation for smoking cessation. Preventive Medicine
1985:14 (5): 655-62.

© ©

i

478


http://dx.doi.org/10.7180/kmj.2016.31.1.11

International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 13, No. 9, September 2024

DOI: 10.69605/ijlbpr_13.9.2024.83

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Lipkus IM, Prokhorov AV. The effects of providing
lung age and respiratory symptoms feedback on
community college smokers’ perceived smoking-
related health risks, worries and desire to quit. Addict
Behav 32: 516-532, 2007.

Parkes G, Greenhalgh T, Griffin M, Dent R. Effect on
smoking quit rate of telling patients their lung age: the
Step2quit randomised controlled trial. BMJ 2008; 336:
598-600.

Haruki T, Nakamura H, Taniguchi Y, Miwa K, Adachi
Y, Fujioka S. ‘Lung age’ predicts post-operative
complications and survival in lung cancer patients.
Respirology2010;15(3): 495-500. doi: 10.1111/j.1440-
1843.2010.01708.x

Okamura A, Watanabe M, Mine S, Nishida K,
Kurogochi T, Imamura Y. Spirometric lung age
predicts postoperative pneumonia after
esophagectomy. World J Surg. (2016) 40(10): 2412-8.
doi: 10.1007/s00268-016-3547

Pal GK, Pal P, Nanda N. Comprehensive Textbook of
Medical Physiology. 2" edition. Jaypee Brothers
Medical Publishers; 2019.

Miller MR, Hankinson J, Brusasco V, Burgos F,
Casaburi R, Coates A, et al. Standardisation of
spirometry. EurRespir J 2005; 26: 319-338.
Laveneziana P, Albuquerque A, Aliverti A, et al. ERS
statement on respiratory muscle testing at rest and
during exercise. EurRespir J 2019; 53: 1801214
Available at: https://doi.org/10.1183/13993003.01214-
2018.

Muktibodhananda S. HathYogaPradipika. 3™ ed. Bihar
School of Yoga, Munger, Bihar: Yoga Publications
Trust: 1998

Singh S, Gaurav V, Parkash V. Effects of a 6-week
nadi-shodhana pranayama training on cardio-
pulmonary parameters. J PhysEduc Sport Manag
2010;2(4): 44e7.

Veerabhadrappa SG, Herur A, Patil S, Ankad RB,
Chinagudi S, Baljoshi VS. Effect of yogic bellows on
cardiovascular autonomic reactivity. J Cardiovasc Dis
Res 2011;2(4):223e7.

Kayal R. Sri Aurobindo and Integral Yoga: A Review.
Anudhyan: An International Journal of Social Sciences
(ANSS) 2016;1 (1): 154-57. Available at
https://rnlkwc.ac.in/pdf/anudhyan/volume1/Sri-
Aurobindo-and-Integral-Yoga-A-Review-Dr-Rajarshi-
Kayal.pdf

Loewenthal JV, Farkas EJ, McGough K, Tomita B,
Wayne PM, Orkaby AR. The impact of yoga on aging
physiology: A review. J Nutr Health Aging. 2024
Feb;28(2):100005. doi: 10.1016/j.jnha.2023.100005.
Epub 2023 Dec 18.

Gard T, Noggle JJ, Park CL, Vago DR, Wilson A.
Potential self-regulatory mechanisms of yoga for
psychological health. Front Hum Neurosci2014;8:770.
Bower JE, Irwin MR. Mind-body therapies and control
of inflammatory biology: a descriptive review. Brain
Behavimmun2016;51:1-11.

Garg S, Chandla SS. Effect of nadishodhan pranayama
on pulmonary functions. Int J Health Sci Res. 2016;
6(4):192-196. 25.

Budhi RB, Payghan S, Deepeshwar S. Changes in lung
function measures following Bhastrika Pranayama
(bellows breath) and running in healthy individuals. Int
J Yoga 2019;12:233-9.

Doijad VP and Surdi AD 2012 Effect of short term

yoga

©2024Int. J. LifeSci.Biotechnol.Pharma.Res.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Online ISSN: 2250-3137
Print ISSN: 2977-0122

practice on pulmonary function tests. Indian J. Basic
Appl. Med. Res. 1 226-230.

Halder K, Chatterjee A, Kain TC, Pal R, Tomer OS
and Saha M 2012 Improvement in ventilatory function
through yogic practices. Al Ameen J. Med. Sci. 5 197—
202.

Bhagel P, Saha M. Effects Of Yogic Intervention On
Pulmonary  Function and Respiratory Muscle
Strengthparameters: A Systematicliterature Review
And Meta-Analysis. J Biosci (2021) 46:76 Indian
Academy Of Sciences. Doi: 10.1007/S12038-021-
00192-0

Seltmann CL, Killen LG, Green JM, O'Neal EK, Swain
JC, Frisbie CM. Effects of 3 Weeks Yogic Breathing
Practice on Ventilation and Running Economy. Int J
Exerc Sci. 2020 Feb 1;13(2):62-74. PMID: 32148615;
PMCID: PMC7039472

Erdfelder E, Faul F, Buchner A. GPower: A General
Power Analysis Program. Behaviour Research
Methods and Computers 1996; 28 (1): 1-11. Available
from:
https://link.springer.com/content/pdf/10.3758/BF03203
630.pdf [Last accessed on 23.05.2024]

Kang H. Sample size determination and power analysis
using the G*Power software. J EducEval Health Prof.
2021; 18:17. doi: 10.3352/jeehp.2021.18.17. Epub
2021 Jul 30. PMID: 34325496; PMCID: PMC8441096.
Marwaha RK, Tandon N, Ganie MA. Nationwide
reference data for height, weight and body mass index
of Indian school children. Natl Med J India 2011; 24:
269-77.

Graham BL, Steenbruggen I, Miller MR, Barjaktarevic
IZ, Cooper BG, Hall GL, et al. Standardization of
Spirometry 2019 Update. An Official American
Thoracic Society and European Respiratory Society
Technical Statement. Am J RespirCrit Care Med. 2019
Oct 15;200(8):e70-e88. doi: 10.1164/rccm.201908-
1590ST. PMID: 31613151; PMCID: PMC6794117.
Stanojevic S, Kaminsky DA, Miller MR, et al.
ERS/ATS technical standard on interpretive strategies
for routine lung function tests. EurRespir J 2022; 60:
2101499 [DOI: 10.1183/13993003.01499-2021].
Miller WF, Johnson RL Jr, Wu N. Relationships
between maximal breathing capacity and timed
expiratory capacities.JApplPhysiol 1959; 14: 510-516.
Saraswati SS. Asana pranayama mudra bandha.
Munger, Bihar: Yoga publication trust; 2002.
Makwana K, Khirwadkar N, Gupta HC. Effect of
short-term yoga practice on ventilatory function tests.
Ind. J. Physiol, Pharmacol. 1988; 32(3): 202-208.
Alexopoulos D, Christodoulou J, Toulgaridis T,
Sitafidis G, Klinaki A, Vagenakis AG. Hemodynamic
response to hyperventilation test in healthy
volunteers. Clin. Cardiol. 1995;18: 636-641.
10.1002/clc.4960181109.

Van De Borne P, Mezzetti S, Montano N, Narkiewicz
K, Degaute JP, Somers VK. Hyperventilation alters
arterial baroreflex control of heart rate and muscle
sympathetic nerve activity. Am. J. Physiol. Heart Circ.
Physiol. 2000; 279: H536-H541

Benarroch E. What Is the Role of the Sympathetic
System in Skeletal Muscle? Neurology. 2024 May
28;102(10): e209488.

Rodrigues ACZ, Messi ML, Wang ZM, Abba MC,
Pereyra A, Birbrair A, et al. The sympathetic nervous
system regulates skeletal muscle motor innervation and
acetylcholine receptor stability. ActaPhysiol (Oxf).

479


https://rnlkwc.ac.in/pdf/anudhyan/volume1/Sri-Aurobindo-and-Integral-Yoga-A-Review-Dr-Rajarshi-Kayal.pdf
https://rnlkwc.ac.in/pdf/anudhyan/volume1/Sri-Aurobindo-and-Integral-Yoga-A-Review-Dr-Rajarshi-Kayal.pdf
https://rnlkwc.ac.in/pdf/anudhyan/volume1/Sri-Aurobindo-and-Integral-Yoga-A-Review-Dr-Rajarshi-Kayal.pdf
https://link.springer.com/content/pdf/10.3758/BF03203630.pdf
https://link.springer.com/content/pdf/10.3758/BF03203630.pdf

International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 13, No. 9, September 2024 Online ISSN: 2250-3137
Print ISSN: 2977-0122
DOI: 10.69605/ijlbpr_13.9.2024.83

2019 Mar;225(3):¢13195. doi: 10.1111/apha.13195.
Epub 2018 Oct 22. PMID: 30269419; PMCID:
PMC7224611.

43. Udupa KN, Singh RH. The scientific basis of yoga.
JAMA. 1972 Jun 5;220(10):1365. doi:
10.1001/jama.1972.03200100075029. PMID: 5067335.

44. Udupa KN. Singh RM. Shettiwar RH. Singh MB.
Physiological changes following some yogic and non-
yogic exercises. Ind J, fed Res 1975; 10 (2): 91-96.

45. Posadzki P and Parekh S. Yoga and physiotherapy: A
speculative review and conceptual synthesis. Chin. J.
Integr. Med. 2009; 15: 66-72.

46. Bhargava R, Gogate MG and Mascarenhas JF.
Autonomic responses to breath holding and its
variations. following pranayama. Indian J. Physiol.
Pharmacol. 1988; 32: 257-264.

47. Liang X, Xie Y, Gao Y, Zhou Y, Jian W, Jiang M,
Wang H, Zheng J. Estimation of lung age via a spline
method and its application in chronic respiratory
diseases. NPJ Prim Care Respir Med. 2022 Sep
29;32(1):36. doi: 10.1038/s41533-022-00293-9. PMID:
36175436; PMCID: PMC9522795.

480
©2024Int. J. LifeSci.Biotechnol.Pharma.Res.



