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Abstract

Background: CRF indicates the ability of the circulatory, respiratory and muscular systems to supply 
oxygen to body during sustained physical activity. Changes in physical activity levels results in changes 
in CRF. CRF includes the oxygen uptake, PR, RR, BP and exercise capacity. To improve CRF coherent 
breathing training can be performed because it has an effect on cardiovascular health. Coherent breathing 
exercise produce different types of physiological responses in healthy individuals. But to the best of my 
knowledge there is scarcity of literature which determines the material. 

Aim & Objective: Aim of the study is to assess the effect of 1week coherent breathing training on pulse 
rate, respiratory rate, vo2 max, FVC and Borg scale of perceived rate of exertion in healthy individual. 

Material and Methods: An experimental study was conducted among 45 healthy young adults. 
Participants were included in study who were able to complete queen’s college step test. All the subjects 
have performed coherent breathing training for a 1 week. Pre and post data were collected. The total 
duration of training was 30 minutes per day. 

Results: Results of the study showed that mean value of the PR 82.84 ± 14.41, RR 19.73 ± 3.94, 
oxygen uptake capacity 47.69 ± 9.26, and FVC 1.95 ± 0.54 and perceive rate of expectation 2.99 ± 1.52. 
The study also showed that coherent breathing training had positive effect on CRF. 

Conclusion: The study demonstrate that coherent breathing training is effective in improving CRF.
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Introduction

Physical activity (PA) is a bodily movement that 

is produced by skeletal muscles and requires energy 
exposure (1, 2). PA is connected with positive health 
outcomes, such as lower risks of ischemic heart 
disease, stroke, diabetes, and depression (3).

Cardiorespiratory fitness (CRF) is an alternative 
dimension of physical health connected to beneficial 
health outcomes. CRF defined as the ability of the 

An Experimental Study 
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circulatory, respiratory, and muscular systems to 
supply oxygen while performing moderate to vigorous 
dynamic exercise (2, 3).

Among risk factors for cardiovascular disease 
(CVD), deficient CRF has been the powerful indicator 
of morbidity (4). A growing body of work associates 
CRF to factors such as age (5), gender (6), life style 
(7,8) body mass index (BMI) (9) and environment 
(10).

CRF was positively correlated to vital capacity 
(VC), forced expiratory volume (FEV) and negatively 
with BMI, weight, waist circumference, body fat, 
resting heart rate (RHR), blood pressure (BP) and 
C-reaction protein (CRP) (11).

The gold standard technique to measure CRF 
is maximal oxygen consumption (VO2max) (12).
Vo2max relies on the body composition, age, gender 
ethnicity of individuals (13). Vo2max is calculated 
by direct as well as indirect methods using exercise 
protocol (14).

The direct calculation of Vo2max is gold standard 
technique where participants under goes maximal 
exercises test on cycle ergometer or treadmill and 
oxygen consumption measured directly (15,16,17) but 
it requires expensive, impractical in non-laboratory 
(18), 

Pulmonary functional test (PFT) provides 
estimation of the mechanical function of the lungs 
(19). Spirometric tests are major measurements for 
assessing cardiovascular and respiratory functions. 
Spirometer is a device with mouthpiece hooked up to 
small electronic machine. An assessment of subjects 
involves number of tests that measure lung volumes 
and capacities, gas flow rates, gas diffusion and gas 
distribution (20).

Any physical activity will promote CRF in some of 
amount (21). Studies also showed that PA and exercise 
training resulted in significant CRF improvement 
(22, 23, 24). CRF works on the circulatory system, 
respiratory system and muscular system to supply 
oxygen to skeletal muscles during PA (25). There are 
some of techniques to improve CRF. Such as aerobic 
exercise, resistance exercise, walking, tai chi training, 
breathing exercise and yoga (26, 27, 28).

Coherent breathing also referred as “resonant 
breathing”. This technique involves slowing the 
breath-rate to relaxed breathing. The diaphragm 
functions as a pump, moving down on the inhale to 
pump food and blood through the digestive tract and 
moving up on the exhale, pumping blood through 
the heart and lungs. The autonomic nervous system 
controls the activity of the circulatory system, and the 
enteric nervous system conquers the digestive system. 
Both are innervated by the action of the diaphragm. 

Coherent breathing is breathing slowly and deeply 
at the rate of five breaths a minute with conscious 
relaxation on the exhale. This self-regulatory 
technique may provide a state of mind/body balance, 
resulting in enhanced health and perceived wellness 
(29).

Gamma aminobutyric acid (GABA), an amino 
acid neurotransmitter, has connected as a contributing 
factor in mood disorders (30). The GABA deficit 
hypothesis of major depressive disorder (MDD) points 
to the correlation between depressive symptoms and 
deficits in the GABA system and GABA receptor (31, 
32).  

Methodology

STUDY DESIGN –Experimental design (Before-
and- after without control group)

SAMPLE SIZE- 45 samples were included in the 
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study 

SAMPLING METHOD- Convenient Sampling 
Method. 

PLACE OF STUDY -S. S Agrawal Institute of 
Physiotherapy and Medical Care Education, Navsari

STUDY DURATION-6 Month

Inclusion Criteria

·	 Age (17-25) years.

·	 Both males and females.

·	 Subject should be able to complete queen’s 
test.

·	 Subject should be able to perform spirometry 
test.

·	 Subject’s willingness to participate.

Exclusion Criteria

·	 Cardiorespiratory diseases

·	 Any neurological diseases

·	 Any musculoskeletal disorders including 
chest and trunk muscles

·	 Acute injury

·	 Family history of asthma or other chronic 
lung diseases

·	 Recent surgery

TOOLS

·	 Step box –41.3cm height for male and female

·	 Metronome

·	 Spirometer-spiro tech 
(version1.1.0.27software)

·	 Mouthpiece 

·	 Electronic weighing scale

·	 Wall mounted height scale

·	 Pulse oximeter 

Material

·	 Stop watch

·	 chair

·	 Cotton

·	 Isopropyl 

·	 Consent form

Outcomes Measures	

·	 Pulse rate

·	 Respiratory rate

·	 Queen’s College step test 

·	 Forced Vital Capacity (FVC)

·	 Borg Rating of Perceived Exertion Scale 

Procedure

Evaluation of undergraduate physiotherapy 
students was done. I have purposely Selected 
Physiotherapy students. For adequate representation 
to sample, the sample size was 45 student’s male and 
female between the age of 18-23 years were taken.

Purpose and objective of study was explained to 
them and written consent form was obtained prior 
to conducting the study. Each and every student 
of Physiotherapy was participated in the study 
voluntarily.

Demographic data of all 45 students was collected, 
that includes; name, age, gender, height, weight, BMI, 
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systolic BP, Diastolic BP, SPO2. Ideally, subjects 
instructed to avoided exercise for the previous 24h, 
fasted for at least 2h and avoided the use of foods and 
drugs that alter heart rate.

The procedure of measuring oxygen consumption 
capacity (vo2max) is described below:

STEP 1: The subject was lie down on the plinth 
and rest was given for 3 min, after which the radial 
pulse was palpated for 15s and resting HR was 
calculated. During this time the RR was also been 
calculated.

STEP 2: To get proper timing in step up and down 
the metronome was set at 88 beats/min during which 
the subjects were allowed to make contact with a 
foot on each beep in an up-up-down-down manner. 
This cadence results in the necessary 22 steps/min 
necessary for the test on women. For men, set the 
metronome at 96 beats/min and thus 24 steps/min.

STEP 3: when the subject is ready, begin the 3 
min test and start the stopwatch.

STEP 4: during this to avoid muscle fatigue, the 
subject was switching the leading leg at least once 
during the rest.

STEP 5: after exactly 3 min of stepping, the 
subject was given instruction to stop. And the radial 
pulse was palpated and RR was taken.

STEP 6: After the performance of queen’s college 
step test subjects were asked for their feeling about 
exertion on Borg rating scale.

STEP 7: calculate the predicted vo2max by using 
the recovery HR in the equations below, where HR is 
beats/min.

Men: VO2max (ml/kg/min) = 111.33 – (0.42 x 
HR)

Women: VO2max (ml/kg/min) = 65.81 – (0.1847 
x HR)

STEP 8: record data on individual record sheet.

The procedure of measuring forced vital capacity 
is described below:

·	 The whole procedure was explained to the 
subject about how to put the spirometer mouthpiece 
in mouth, inhale through nose, take a deep breath 
and slow breath in, place lips around the mouthpiece, 
exhale fully and with as much as force as possible.

·	 The subject in sitting position.

·	 The subject performed procedure for 3 trails 
and average value was noted.

The procedure of measuring perceived rate of 
exertion is described below:

STEP-1 After the performance of queen’s step test 
subjects were asked for their feeling about exertion on 
Borg rating scale.

The same procedure was repeated in all 45 
subjects.

DETAILS OF INTERVENTION 

The main components of coherent breathing are: 
Relax the mind and body, regulate breathing rate 
to about 5 breaths per minute, i.e., inhale for about 
6 seconds then exhale for about 6 seconds so that 
a single breath takes about 12 seconds and about 5 
breaths per minute. 

After the conducting assessment, subjects were 
given the intervention in form of coherent breathing 
training.

In which subjects were given relaxed upright 
position not reclining more than 45 degree and 
following instruction were given:
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Ø	 Take three or four deep breathing using your 
diaphragm and primarily breathing into belly.

Ø	 Stopwatch was used to check intervals.

Ø	 Place your hand on belly and another on 
diaphragm to evaluate yourselves about performing 
shallow breathing.

Ø	 Inhale fairly deeply and then exhale about 
6seconds long.

v	 Continue session for 10minutes and 2 
intervals is given so total duration of total duration of 
session was30 minutes. Total intervention was 6days/
week.

Results 

Table no.1: Demographic characteristics of study participants

Characteristic Mean ± SD / N (%)

Age 19.58±1.51

BMI 18.15±3.06

Systolic BP 118.98±12.68

Diastolic BP 71.49±8.79

Table no.2: Summary of values on Pules rate, respiratory rate, Vo2 max, FVC and perceived rate of 
exertion(Borg scale) 

Variables 
Pre- test

Mean ± SD
Post- test

Mean ± SD
Z-value p-Value

Pulse rate  86.04 ± 13.20 82.84 ± 14.41 -5.857 0.000

Respiratory rate 21.11 ± 3.94 19.73 ± 3.94 -5.866 0.000

Vo2 max 43.09 ± 9.69 47.69 ± 9.26 -4.124 0.000

FVC 1.76 ± 0.53 1.95 ± 0.54 -3.584 0.000

Perceived rate of exertion 3.77 ± 1.95 2.99 ± 1.52 -3.584 0.000
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Table no3: Correlations between PR,RR,BORG SCALE,VO2MAX and FVC

Post_RR-Pre_RR Post_PR-Pre_PR Post_Vo2-Pre_
Vo2

Post_Borg-Pre_
Borg

Post_FVC-Pre_
FVC

  Z -5.857 -5.866 -4.124 -3.584 -3.590

  P .000 .000 .000 .000 .000

Disscussion

The primary aim of this study was to assess 
the effect of one-week coherent breathing exercise 
training on cardiorespiratory fitness in healthy young 
adults of 17-25 years of age using vo2 max and FVC. 
Total n=45 subjects were given coherent breathing 
training. Before and after a week of training pulse 
rate, respiratory rate, vo2 max, FVC and Borg scale of 
perceived rate of exertion were taken. The results of 
the present study indicates that after a week of training 
score of healthy young individuals had improved 
in all parameter and results were highly significant 
(p=0.001)

A normal resting heart rate for adults ranges from 
60 to 100 beats per minute. Generally, a lower heart 
rate at rest implies more efficient heart function and 
better cardiovascular fitness. (33) There are various 
therapeutic interventions used to lower heart rate. One 
of the therapeutic interventions is coherent breathing 
which involves taking long slow breaths at a rate of 
about five per minute that helps to calm the body 
through its effect on the autonomic nervous system. 
which activate vagus nerve to put the neural brake on 
a racing heart is to slow down your breath. (34) 

The reduction in pulse rate and blood pressure 
in breathing group may be due to tonic and 

phasic changes in cardiovascular system (35) and 
parasympathetic activity also increases with regular 
practice of breathing exercise. (35,36) Previously it has 
been shown in various studies that breathing exercise 
can results in reduction in blood pressure and heart 
rate. DP Deepak 2013 found reduction in blood 
pressure and heart rate with four weeks of anulom-
vilom pranayama. (37) AV Turnakar et al. 2013 also 
found reduction in pulse rate after breathing exercise, 
20 minute per day for 7 days. (36) 

Normal Breathing is considered to be systematic 
with even chest expansion and deflation; Normal 
Breathing is moreover an unconscious process. The 
Primary Respiratory Center is situated in medulla 
oblongata and pons, which are responsible for 
controlling the rate and depth of breathing. Respiratory 
Rate or the number of breaths per minute is defined as 
one breath to each movement of an air in and out of 
the Lung. Universally the respiratory rate for an adult 
is between 12 and 20 breathes per minutes, but there 
will be some variation depending on age and medical 
condition. (38) 

Vidigal et al. conducted one study to find 
the effects of slow respiration (6 breaths/min) on 
autonomic response to postural maneuver. In which 
they concluded slow breathing improved cardiac 
sympathetic and parasympathetic responsiveness 
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to physical perturbations, possible reason may be 
a result of augmented baroreflex sensitivity due to 
increased parasympathetic tone, and synchronization 
of sympathetic and parasympathetic systems at 6 
breaths per min (39). 

Cardiorespiratory fitness is an important indicator 
of cardiovascular health and thus an important factor 
in the prevention of non-communicable diseases. CRF, 
defined as the capacity of circulatory, respiratory and 
muscular systems to supply oxygen during prolonged 
physical exercise (40), has a strong inverse relation 
to the incidence cardiovascular diseases (41), cancer 

(42), diabetes mellitus, depression (43) and all-cause 
mortality (41). 

VO2 max is the best physiological indicator of 
a person’s capacity to continue severe work. It has 
been used to indicate cardio respiratory fitness. VO2 
max can be measured using variety of exercises that 
activate the body’s large muscle groups. Most of 
the exercise modes include treadmill running, bench 
stepping and stationary cycling (44).  

One study done by Johannes Zeiher’s find the 
well-established relationships in the literature between 
anthropometric measures (BMI and WC), total PA 
and physical exercise, and estimated VO2max using 
data from a nation-wide, population-based cross-
sectional health examination survey among adults in 
Germany (45).   

The Forced Vital Capacity is a good predictor of 
mortality and morbidity. It is correlated to causes of 
mortality in general population. (46,47) Some studies 
shows that the developed world has also shown 
significant association of FVC with cardiovascular 
diseases (48,49), Cardio vascular events (50), sudden 
cardiac death (51), metabolic syndrome (52), Diabetes 

(53,54) and the progression of chronic kidney disease 

(55). Low FVC associate with vascular disease. Age, 

Gende, Height, Height - Squared are strong predictors 
of lung function. (56) BMI and waist circumference 
associated with low FVC. (57) 

Yoga breathing exercise increases compliance of 
lungs and thorax, airway resistance and strength of 
respiratory muscle. There was significant improvement 
in FVC. Some of the study shows breathing exercises 
are feasible and can improve lung function. It seems 
to be beneficial on respiratory efficiency. (58-62) 

Slow, deep breathing also resets the autonomic 
nervous system through stretch-induced inhibitory 
signals and hyperpolarization currents propagated 
through both neural and non-neural tissue which 
synchronizes neural elements in the heart, lungs, 
limbic system, and cortex4. It is thought that voluntary 
deep breathing dynamically modulates the autonomic 
nervous system by generation of physiologic signals. 

(63) Most of the study results are based on the practice 
of slow deep breathing for a few weeks to months but 
the immediate effect of it is less studied. (64) 

The Borg Rating of Perceived Exertion (RPE) 
scale is a tool for measuring an individual’s effort and 
exertion, breathlessness and fatigue during physical 
work and so is highly relevant for occupational health 
and safety practice. (65) 

Coherent breathing and meditation are each 
associated with psychological benefits such as 
enhanced coping, self-efficacy, and positive mood. 
In addition, they provide spiritual benefits of 
compassionate understanding and mindful awareness 
(Evans, 2009). The combination of awareness in the 
mind/body and awareness of breath associated with 
coherent breathing and meditation practices is believed 
to have a positive impact on psychophysiological 
function (Evans, 2009). The autonomic nervous 
system benefits are associated with short- and long- 
term parasympathetic nervous system dominance (29). 
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Conclusion

The results of the study prove that coherent 
breathing training is effective in improving 
cardiorespiratory fitness in healthy adults. Coherent 
breathing training is effective in maintenance of 
normal range of PR, RR and BORGE SCORE and 
increasing VO2MAX and FVC 

Conflict of Interest-Nil

Source of Funding- Self 

Ethical Clearance –Taken from institutional 
advisory board. 

References 

1.	 World Health Organization. Global 
recommendations on physical activity for health. 
Appendix 5. Geneva: WHO; 2010.

2.	 Hill AV, Lupton H. Muscular exercise, lactic 
acid, and the supply and utilization of oxygen. 
QJM: An International Journal of Medicine. 
1923 Jan 1(62):135-71.

3. Warburton DE, Bredin SS. Health benefits 
of physical activity: a systematic review of 
current systematic reviews. Current opinion in 
cardiology. 2017 Sep 1;32(5):541-56.

4. 	 Riminton S, Pearce N, Antony B. Tuberculosis 
and treatment with infliximab. The New England 
journal of medicine. 2002;346(8):623-6.

5. 	 Schneider J. Age dependency of oxygen uptake 
and related parameters in exercise testing: an 
expert opinion on reference values suitable for 
adults. Lung. 2013 Oct 1;191(5):449-58.

6. 	 Vickers NJ. Animal communication: when 
i’m calling you, will you answer too?. Current 
biology. 2017 Jul 24;27(14):R713-5.

7. 	 San Juan A, Fleck S, Chamorro-Viña C, MatE-
MuNOz J, Moral S, Perez M, Cardona C, Del 

Valle M, Hernandez M, Ramírez M, Madero 
L. Effects of an intrahospital exercise program 
intervention for children with leukemia. 
Medicine+ Science in Sports+ Exercise. 2007 
Jan 1;39(1):13.

8. 	 Baumeister SE, Finger JD, Gläser S, Dörr M, 
Markus MR, Ewert R, Felix SB, Grabe HJ, Bahls 
M, Mensink GB, Völzke H. Alcohol consumption 
and cardiorespiratory fitness in five population-
based studies. European journal of preventive 
cardiology. 2018 Jan 1;25(2):164-72.

9. 	 Fogelholm M, Malmberg J, Suni J, Santtila 
M, Kyröläinen H, Mäntysaari M. Waist 
circumference and BMI are independently 
associated with the variation of cardio-
respiratory and neuromuscular fitness in young 
adult men. International journal of obesity. 2006 
Jun;30(6):962-9.

10. 	 Hoehner CM, Allen P, Barlow CE, Marx CM, 
Brownson RC, Schootman M. Understanding 
the independent and joint associations of the 
home and workplace built environments on 
cardiorespiratory fitness and body mass index. 
American journal of epidemiology. 2013 Oct 
1;178(7):1094-105.

11. 	 Ortega FB, Tresaco B, Ruiz JR, Moreno LA, 
Martin-Matillas M, Mesa JL, Warnberg J, 
Bueno M, Tercedor P, Gutiérrez A, Castillo MJ. 
Cardiorespiratory fitness and sedentary activities 
are associated with adiposity in adolescents. 
Obesity. 2007 Jun;15(6):1589-99.

12. 	 Albouaini K, Egred M, Alahmar A, Wright 
DJ. Cardiopulmonary exercise testing and its 
application. Postgraduate medical journal. 2007 
Nov 1;83(985):675-82.

13. 	 Ainsworth BE, Montoye HJ, Leon AS. Methods 
of assessing physical activity during leisure and 
work.



Indian Journal of Physiotherapy and Occupational Therapy, April-June 2022, Vol. 16, No.2     87

14. Rao AV, Phadke AV, Patil PB, Joshi AR. 
Comparison of non-exercise test and step test 
in estimation of aerobic capacity (VO2max) in 
young adults. National Journal of Physiology, 
Pharmacy and Pharmacology. 2014;4(3):218-20.

15. 	 M.D. Baltimore, American College of Sports 
Medicine (ACSM); 2000. 6thed. 3-10, 57-80 

16. 	 Shamsi MM, Alinejad HA, Ghaderi M, Badrabadi 
KT. Queen’s college step test predicted VO2max: 
The effect of stature. Annals of Biological 
Research. 2011;2(6):371-7. 

17.	 Shamsi MM, Ghaderi M, Alinejad HA, 
Gharakhanlou R. Maximal step test: a new 
approach to step test improvements. World 
Applied Sciences Journal. 2011;12(11):2058-60.

18. 	 Shamsi MM, Alinejad HA, Ghaderi M, Badrabadi 
KT. Queen’s college step test predicted VO2max: 
The effect of stature. Annals of Biological 
Research. 2011;2(6):371-7.

19.	 Donna Frownfelter, Elizabeth Dean, 
CARDIOVASCULAR AND PULMONARY 
PHYSICAL THERAPY EVIDENCE TO 
PRACTISE, 5th ED, copyright © 2012 by 
mosby, Inc.,an affiliate of Elsevier Inc. Chapter 
No-9,Page No-137.

20.	 Ellen Hillegass, Essentials of 
CARDIOPULMONARY PHYSICAL 
THERAPY, 4th ED, copyright © 2017 by 
Elsevier, Inc. All rights reserved. Chapter 
10,Page No-338-339.

21.	 Stofan JR, DiPietro L, Davis D, Kohl 3rd HW, 
Blair SN. Physical activity patterns associated 
with cardiorespiratory fitness and reduced 
mortality: the Aerobics Center Longitudinal 
Study. American journal of public health. 1998 
Dec;88(12):1807-13.

22. 	 Pollock ML, Vincent KR. Resistance training for 
health. President’s Council on Physical Fitness 

and Sports; 1996 Dec.

23. 	 US Preventive Services Task Force, United 
States. Office of Disease Prevention, Health 
Promotion. Guide to clinical preventive services: 
report of the US Preventive Services Task Force. 
US Department of Health and Human Services, 
Office of Public Health and Science, Office of 
Disease Prevention and Health Promotion; 1996.

24. 	 Liu CJ, Latham NK. Progressive resistance 
strength training for improving physical function 
in older adults. Cochrane database of systematic 
reviews. 2009(3).

25. Laukkanen JA, Kurl S, Salonen JT. 
Cardiorespiratory fitness and physical activity 
as risk predictors of future atherosclerotic 
cardiovascular diseases. Current atherosclerosis 
reports. 2002 Nov 1;4(6):468-76.

26. 	 Zheng G, Li S, Huang M, Liu F, Tao J, 
Chen L. The effect of Tai Chi training on 
cardiorespiratory fitness in healthy adults: a 
systematic review and meta-analysis. PloS one. 
2015 Feb 13;10(2):e0117360.

27. Angane EY, Navare AA. Effects of aerobic 
exercise on pulmonary function tests in healthy 
adults. International J Research in Medical 
Sciences. 2017;4(6):2059-63.

28. 	 Anton SD, Duncan GE, Limacher MC, Martin 
AD, Perri MG. How much walking is needed 
to improve cardiorespiratory fitness? An 
examination of the 2008 Physical Activity 
Guidelines for Americans. Research quarterly 
for exercise and sport. 2011 Jun 1;82(2):365-70.

29. 	 Baker NC. Does Daily Practice of Meditation or 
Coherent Breathing Influence Perceived Stress, 
Stress Effects, Anxiety, or Holistic Wellness in 
College Freshmen or Sophomores?  (Doctoral 
dissertation, Boston College. Connell School of 
Nursing).



88     Indian Journal of Physiotherapy and Occupational Therapy. April-June 2022, Vol. 16, No.2                               

30. 	 Wilkinson ST, Sanacora G. A new generation of 
antidepressants: an update on the pharmaceutical 
pipeline for novel and rapid-acting therapeutics 
in mood disorders based on glutamate/GABA 
neurotransmitter systems. Drug discovery today. 
2019 Feb 1;24(2):606-15.

31. Luscher B, Fuchs T. GABAergic control of 
depression-related brain states. InAdvances in 
pharmacology 2015 Jan 1 (Vol. 73, pp. 97-144). 
Academic Press.

32. 	 Luscher B, Shen Q, Sahir N. The GABAergic 
deficit hypothesis of major depressive disorder. 
Molecular psychiatry. 2011 Apr;16(4):383-406.

33. 	 K Sembulingum, Prema Sembulingum, 
Essentials of MEDICAL PHYSIOLOGY, 6th 
ED, © 2012, Jatpee Brothers Medical Publishers. 
Chapter No-121

34.	 https://www-thecut-com. cdn.ampproject.
org/v/s/www.thecut.com/amp/article/4-7-8-
breathing.html?amp_js_v=a6&amp_gsa=1& 
usqp= mq331 AQHKAFQArABIA%3 D%3D# 
aoh=16105159981766& referrer= https%3A%2 
F%2 Fwww.google.com&amp_tf= From % 
20%251%24s& ampshare= https %3A%2 
F%2 Fwww. thecut.com%2 Farticle%2F4-7-8- 
breathing.html

35. 	 Dhungel KU, Malhotra V, Sarkar D, Prajapati R. 
Effect of alternate nostril breathing exercise on 
cardiorespiratory functions. Nepal Med Coll J. 
2008 Mar;10(1):25-7.

36. 	 Turankar AV, Jain S, Patel SB, Sinha SR, Joshi 
AD, Vallish BN, Mane PR, Turankar SA. Effects 
of slow breathing exercise on cardiovascular 
functions, pulmonary functions & galvanic skin 
resistance in healthy human volunteers-a pilot 
study. The Indian journal of medical research. 
2013 May;137(5):916.

37. Dandekar PD. IMPACT OF SHORT TERM 

TRAINING OF ANULOM VILOM 
PRANAYAM ON BLOOD PRESSURE AND 
PULSE RATE IN HEALTHY VOLUNTEERS. 
International Journal of Research in Ayurveda & 
Pharmacy. 2013 Mar 1;4(2).

82. Rolfe S. The importance of respiratory rate 
monitoring. British Journal of Nursing. 2019 Apr 
25;28(8):504-8.

38. 	 Nattie E, Li A. Central chemoreceptors: locations 
and functions. Comprehensive Physiology. 2011 
Jan;2(1):221-54.

39. 	 Vidigal GA, Tavares BS, Garner DM, Porto 
AA, Carlos de Abreu L, Ferreira C, Valenti VE. 
Slow breathing influences cardiac autonomic 
responses to postural maneuver. Slow breathing 
and HRV. Complementary Therapies in Clinical 
Practice. 2016 May 1:14-20.

40.	 World Health Organization. Global 
recommendations on physical activity for health. 
Appendix 5. (WHO, Geneva, 2010).

41. 	 Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, 
Asumi M, Sugawara A, Totsuka K, Shimano H, 
Ohashi Y, Yamada N. Cardiorespiratory fitness 
as a quantitative predictor of all-cause mortality 
and cardiovascular events in healthy men and 
women: a meta-analysis. Jama. 2009 May 
20;301(19):2024-35.

42. 	 Schmid D, Leitzmann MF. Cardiorespiratory 
fitness as predictor of cancer mortality: a 
systematic review and meta-analysis. Annals of 
oncology. 2015 Feb 1;26(2):272-8.

43. 	 Schuch FB, Vancampfort D, Sui X, Rosenbaum 
S, Firth J, Richards J, Ward PB, Stubbs B. Are 
lower levels of cardiorespiratory fitness associated 
with incident depression? A systematic review of 
prospective cohort studies. Preventive medicine. 
2016 Dec 1;93:159-65.

44. McArdle WD. Individual differences and 



Indian Journal of Physiotherapy and Occupational Therapy, April-June 2022, Vol. 16, No.2     89

measurement of energy capacities. Exercise 
physiology. Energy, nutrition, and human 
performance.. 1991:199-232.

45. 	 Johannes Z, Manz K, Kuntz B, Nita P, Keil T, 
Gert M, Finger JD. Individual and interpersonal 
correlates of cardiorespiratory fitness in adults–
Findings from the German Health Interview and 
Examination Survey. Scientific Reports (Nature 
Publisher Group). 2020;10(1).

46. 	 Burney PG, Hooper R. Forced vital capacity, 
airway obstruction and survival in a general 
population sample from the USA. Thorax. 2011 
Jan 1;66(1):49-54.

47. 	 Magnussen C, Ojeda FM, Rzayeva N, Zeller T, 
Sinning CR, Pfeiffer N, Beutel M, Blettner M, 
Lackner KJ, Blankenberg S, Münzel T. FEV1 and 
FVC predict all-cause mortality independent of 
cardiac function—Results from the population-
based Gutenberg Health Study. International 
journal of cardiology. 2017 May 1;234:64-8.

48. Schroeder EB, Welch VL, Couper D, Nieto 
FJ, Liao D, Rosamond WD, Heiss G. Lung 
function and incident coronary heart disease: 
the Atherosclerosis Risk in Communities Study. 
American journal of epidemiology. 2003 Dec 
15;158(12):1171-81.

49.	 Mannino DM, Davis KJ, DiSantostefano 
RL. Chronic respiratory disease, comorbid 
cardiovascular disease and mortality in a 
representative adult US cohort. Respirology. 
2013 Oct;18(7):1083-8.

50. 	 Johnston AK, Mannino DM, Hagan GW, Davis 
KJ, Kiri VA. Relationship between lung function 
impairment and incidence or recurrence of 
cardiovascular events in a middle-aged cohort. 
Thorax. 2008 Jul 1;63(7):599-605.

51. Kurl S, Jae SY, Kauhanen J, Ronkainen K, 
Laukkanen JA. Impaired pulmonary function is 

a risk predictor for sudden cardiac death in men. 
Annals of medicine. 2015 Jul 4;47(5):381-5.

52. Lee HM, Chung SJ, Lopez VA, Wong ND. 
Association of FVC and total mortality in US 
adults with metabolic syndrome and diabetes. 
Chest. 2009 Jul 1;136(1):171-6.

53. Engström G, Hedblad B, Nilsson P, Wollmer P, 
Berglund G, Janzon L. Lung function, insulin 
resistance and incidence of cardiovascular 
disease: a longitudinal cohort study. Journal of 
internal medicine. 2003 May;253(5):574-81.

54. 	 Yeh HC, Punjabi NM, Wang NY, Pankow 
JS, Duncan BB, Brancati FL. Vital capacity 
as a predictor of incident type 2 diabetes: the 
Atherosclerosis Risk in Communities study. 
Diabetes care. 2005 Jun 1;28(6):1472-9.

55. 	 Sumida K, Kwak L, Grams ME, Yamagata K, 
Punjabi NM, Kovesdy CP, Coresh J, Matsushita 
K. Lung function and incident kidney disease: 
the atherosclerosis risk in communities (ARIC) 
study. American Journal of Kidney Diseases. 
2017 Nov 1;70(5):675-85.

56. Hankinson JL, Odencrantz JR, Fedan KB. 
Spirometric reference values from a sample of 
the general US population. American journal of 
respiratory and critical care medicine. 1999 Jan 
1;159(1):179-87.

57. Sakhamuri S, Lutchmansingh F, Simeon D, 
Conyette L, Burney P, Seemungal T. Reduced 
forced vital capacity is independently associated 
with ethnicity, metabolic factors and respiratory 
symptoms in a Caribbean population: a cross-
sectional study. BMC pulmonary medicine. 2019 
Dec;19(1):1-3.

58. 	 Doijad VP, Surdi AD. Effect of short term yoga 
practice on pulmonary function tests. Indian 
Journal of Basic & Applied Medical Research. 
2012 Jun;1(3):226-30.



90     Indian Journal of Physiotherapy and Occupational Therapy. April-June 2022, Vol. 16, No.2                               

59. 	 Makwana K, Khirwadkar N, Gupta HC. Effect of 
short term yoga practice on ventilatory function 
tests. Indian J PhysiolPharmacol. 1988 Jul 
1;32(3):202-8.

60. 	 Joshi LN, Joshi VD, Gokhale LV. Effect of 
short term pranayam, practice of breathing 
rate, & ventilatory functions of lung. Indian J 
PhysiolPhamscol; 1992; 36 (2): 105. 1992;108.

61. 	 Yadav RK, Das S. Effect of yogic practice on 
pulmonary functions in young females. Indian 
journal of physiology and pharmacology. 2001 
Oct 1;45(4):493-6.

62. 	 Sodhi C, Singh S, Dandona PK. A study of the 
effect of yoga training on pulmonary functions 

in patients with bronchial asthma. Indian J 
PhysiolPharmacol. 2009 Apr 1;53(2):169-74.

63. Shankarappa V, Prashanth P, Annamalai N, 
Varunmalhotra. The short term effect of 
pranayama on the lung parameters. Journal of 
clinical and Diagnostic Research. 2012 Feb 
1;6(1):27-30.

64. 	 Bandi HK. Effect of slow deep breathing (6 
breaths/min) on pulmonary function in healthy 
volunteers. International Journal of Medical 
Research & Health Sciences. 2013;2(3):597-602.

65. 	 Borg GA. Psychophysical bases of perceived 
exertion. Medicine & science in sports & 
exercise. 1982. 




