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ABSTRACT 

Objective: The intended research work aims at assessing the impact of ‗Sheetali 

Pranayama‘ in the improvement of short term heart rate variability (HRV) and 

cardiovascular parameters like blood pressure and pulse rate. Many studies reported that 

the practice of yoga, especially ‗pranayama‘ influences HRV. The current study was 

conducted to determine the positive effect of practicing ‗Sheetali Pranayama‘ for 

improving HRV by systematic reviewing, followed by monitoring cardiovascular 

parameters.  

Study Design: The current research work employed prospective intervention study. 

Method: 30 healthy volunteers belonging within the age group of 18-35 participated in 

the study. The study participants were given one week training on Sheetali Pranayama. 

The study participants were instructed to practice Sheetali Pranyama for 20 minutes on a 

daily basis for 4 weeks. The HRV and cardiovascular parameters (blood pressure and 

pulse rate) of participants were monitored on a weekly basis.  

Result: The study showed significant improvement in the Heart Rate Variability values 

of the study participants. The cardiovascular parameters observed to be significantly 

improved, each week with the practice of Sheetali Pranayama, by the study participants. 

Conclusion: The practice of Sheetali Pranayama facilitates in improving the short term 

HRV and strengthening the cardiovascular system. 

Keywords: Heart Rate Variability, Blood pressure, Pulse rate, Sheetali Pranayama. 
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1.0 INTRODUCTION 

‗The practice of ‗asanas‘ and ‗pranayama‘ wards off disease and 

helps to maintain alertness‘ 

- Sivananda 

 In today‘s ever-changing and technologically advanced environment which is 

quite competitive in day to day life, the persistence of stress has been gaining drastically. 

According to many health experts, the underlying problems of health is characterized by 

set point of hypothalamopituitary axis activity leading to stimulation of ANS, thus 

resulting in immediate effects on HR, BP, temperature and respiratory rate.   

 In order to avoid building stresses among individuals, there are several busters that 

are available for relieving it as well as returning the autonomic balance and gaining 

stability. One such effective stress busters is Yoga. Yoga is regarded as one of the major 

disciplines that primarily concentrate on the well-being of the individual, both physically 

and mentally.  

 The practice of yoga concerns mainly on integrating every aspects that are vital for 

self-realization and adopting a healthier lifestyle. Yoga postures facilitates in improving 

the physical condition, when practiced with utmost precision, involving a controlled and 

rhythmic motion of our body, of which breath control is of paramount importance.  

―Yoga is the control of the patterns of consciousness.‖ 
1 
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 In yoga, the practice of pranayama helps in modulating the autonomic output. 

There are numerous combination of pranayama, which aids in achieving autonomic 

balance between the sympathetic and parasympathetic nervous system. Patanjali gives a 

wide range of techniques that slowly harmonizes the mind and gradually induces more 

subtle perception. However, the main path of Patanjali is contained within eight 

fundamental stages. The first five are:  

1. Yama (social code)  

2. Niyama (personal code)  

3. Asana (sitting pose)  

4. Pranayama (control of prana)  

5. Pratyahara (sense withdrawal)  

 These first five stages are the esoteric/bahiranga (external) practices of yoga. They 

progressively prepare the body-mind for the last stages:  

6. Dharana (concentration)  

7. Dhyana (meditation)  

8. Samadhi (superconsciousness)  

 These last three stages are the esoteric or antaranga (internal) practices of yoga. 

The first five stages negate consciousness, whilst the last three stages expand 

consciousness. 

 Practicing Pranayama helps in controlling the breath. The terminology was coined 

from the two root words namely ‘prana’ meaning ‗vital energy‘ and ‗ayama’ meaning 
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‗extension/breath‘. The practice of pranayama cannot be considered as a simplified 

breathing exercise; rather it aims at channeling the flow of excess oxygen into the lungs, 

thereby, transporting it to all the systemic organs of the body
2
. 

In the pranayama practices there are four important aspects of breathing which are 

utilized. These are: 

1. Pooraka or inhalation 

2. Rechaka or exhalation 

3. Antarkunbhaka or internal breath retention 

4. Bahirkumbhaka or external breath retention. 

In recent times, the emergence of cardiovascular diseases is becoming a threat for 

human lives, especially in developing countries
2
. The autonomic imbalances in the 

sympathetic over activity could result in arrhythmias, hypertension and metabolic 

dysfunction. Heart rate variability (HRV) is an assessment tool, which is non-invasive in 

nature. It aids in assessing the cardiac autonomic status
3
.  

HRV is defined as the temporal variation of the consecutive heart beats, which is 

measured via a standard electrocardiogram (ECG).  In the QRS wave pattern, the two 

consecutive R wave peaks represents the ‗relative risk interval‘, which is otherwise called 

as NN intervals. This relative difference in the duration was determined through time and 

frequency domain. Thus, the parameters aids in assessing the autonomic control of the 

cardiac system, serving as the balance that lies between the parasympathetic and 

sympathetic regulators of the heart
4
.  
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The overall reduction in the parasympathetic activity, directly result in decreased 

HRV range. The reduction in HRV causes potential risk of medical complications such as 

hypertension, thermogenesis, which could progressively result in Coronary artery 

disease
5
. In today‘s scenario, stress has become an integral element in one‘s life. Due to 

repeated exposure of stress could result in adverse effect on the general health, and most 

particularly on the cardiovascular system.  

Such sort of undesirable side effects could modulate the alteration of 

sympathovagal balance, which reduces the parasympathetic variability, thus resulting in 

the shift of sympathetic predominance. These kinds of alterations in the autonomic 

functions lasting for continuous period without any medical interventions could end up in 

irreversible damage of the cardiovascular functions. Through integration of yogic 

practice on a daily basis, pranayama in particular exhibited a favorable impact by 

modifying/reducing the risk factors that are susceptible for cardiovascular diseases.  

Researches that focused on yoga‘s contribution in improving the HRV for long-

term practitioners suggest the effectiveness of integrating yoga in our day to day life. Isha 

yoga practitioners were found to have a ‗well balanced vagal activity‘ compared to the 

control group or the non-practitioners
6, 2

.  

As Yoga was globally regarded as ‗The ancient Indian science‘ which comprised 

of practices, which involved specific postures (asanas) and regulated breathing 

(Pranayama). There were reports suggesting different types of pranayama exhibiting 

different autonomic and cardiac responses among healthy humans
7, 8

. Many reports 
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claimed that the practice of pranayama aids in eliminating the toxins away from the body 

and helps in maintaining a good health
9
.  

There are different variations/types of pranayama such as  

• AnulomVilom Pranayama  

• Bahya Pranayama  

• Bhastrika Pranayama  

• Bhramari Pranayama  

• Digra Pranayama  

• Kapalbhati Pranayama  

• NadiSodhana Pranayama  

• Shitali Pranayama  

• Udgit Pranayama  

• Ujjayi Pranayama 

 The current study focuses on ‗Sheetali Pranayama‘ and its impact on HRV. 

Sheetali Pranayama, from the very first word was derived from the Sanskrit word 

‗Sheetal‘ meaning ‗cool‘. This particular type of pranayama technique aids the 

practitioner with controlling his/her breathing. Unlike other types, this particular type of 

pranayama involves inhaling with your mouth opened in ―o‖ shape and exhaling with the 

nose
10

. Previous report on Sheetali Pranayama focused on EEG analysis on determining 

the brain activity
11

. However no reports focused on HRV analysis or autonomic functions 
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concerning with cardiovascular parameters. The current study focuses on determining the 

effect of Sheetali pranayama and in improving HRV rate
1
.  

Though Sheetali pranayama is being widely used as a yoga therapy for various 

diseases in Yogic system of medicine, to the best of our knowledge, there is lack of 

scientific evidence in reporting the effect of Sheetkari pranayama either in the healthy 

volunteers (Physiological) or in people with pathological conditions (Clinical). Hence the 

rationale is to observe the changes in short term HRV, BP, and HR of healthy volunteers. 
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2.0 AIMS AND OBJECTIVES 

2.1 AIM: 

To assess the effect of sheetali pranayama on autonomic function and cardiovascular 

parameters. 

2.2 OBJECTIVES OF THE STUDY: 

 To evaluate the effect of sheetali pranayama on short term heart rate variability 

(HRV). 

 To find the effect of sheetali pranayama on resting cardiovascular parameters 

namely: 

* Blood pressure 

* Pulse rate 
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3.0 REVIEW OF LITERATURE 

 The Upanishads, which are ancient Indian scripts, refer Prana as the ‗Life Force‘ 

which supports the microcosm, and is regarded as ‗the best of all‘. ‗Prana‘ divides the 

‗five-folded‘ support of this physical body and helps in the functioning of 72 lakhs 

‗nadis‘ that are quintessential for the human‘s sustenance. The ‗thoughts‘ and ‗breathing‘ 

are the expressions of the ‗prana‘. ‗Prana‘ is Brahma. The individual‘s prana is viewed as 

an essential part that co-exists in the Universal Prana/Cosmic energy. Many supporting 

verses, retrieved from Rig, Samaveda, referring ‗prana‘ is the vital source which serves as 

‗fabric of reality‘ that resides as the fundamental behind the ‗entirety of creation‘
12

.  

 ‗Yogavashishta‘, one of the ancient Yogi of India, mentioned that an individual 

could effectively control the speed of Prana (Breath) by incorporating Pranayama. The 

practice of pranayama aids in reducing the speed of breath, which in turn allows the 

practitioner to have thorough control of his mind and body, as both are interconnected. 

This in turn facilitates the individual to acquire the absolute bliss and a healthy lifestyle
13

.  

 The following literature review was constructed from the previously available 

literatures that are relevant for the current study. The reviews provided a deeper insights 

and a clear understanding and perspective concerning with the practice of pranayama and 

its impact on the autonomic and cardiovascular functioning. The study was carried out as 

per the available scientific literatures.  
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3.1 AUTONOMIC NERVOUS SYSTEM 

 The autonomic nervous system (ANS) functions in regulation of fast and 

involuntary motions. They facilitate in numerous autonomic related reactions such as: 

 Functioning of the heart rate 

 Functioning of smooth muscle tissue 

 Functioning of different glandular secretion.  

 The autonomic nervous system comprises collectively with a set of nerve 

cells/nerves which provides the blood vessels innervations, intestines, airways and the 

urogenital organs. The nerves aid in collectively coordinating and regulating the bodily 

functioning as stated above
14 15

.  

 ANS, especially the sympathetic branch involve in pathophysiological roles in the 

early hypertension course. Studies reported that the distribution of both sympathetic as 

well as parasympathetic activities indicate a pathological modification in the 

cardiovascular system, whereby the variability in the heart rate, known as HRV (Heart 

Rate Variability) serving as the initial indicator of cardiovascular diseases. Thus it is 

quite necessary for monitoring the cardiovascular parameters as well as the autonomic 

parameters for identifying any abnormalities in the cardiovascular systems
16

.  
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 ANS primarily helps in innervating the smooth musculature under voluntary 

control, by mediating the efferent and afferent communications. The below image 

illustrates the ANS.  

 ANS constitutes a part of the nervous system that assists in controlling and 

regulating the internal organs, without conscious recognition or any sort of effort exerted 

by the organism. The involuntary nervous system (otherwise ANS/vegetative system) 

aids in regulating the body processes which cannot be consciously induced or influenced.  

 The system constantly functions in regulating mechanisms such as: 

 Breathing 

 Heart rate 

 Metabolic processes and signaling.  

 These processes were effectively achieved by the signals which were received 

from the brain and which is passes on to the bodily systems. The signals are relayed in 

the other direction, which is from the brain towards the brain, thus providing the brain 

with the necessary information regarding certain bodily functions, such as how full the 

bladder is or how quickly the heart has been beating.  

 The involuntary nervous system can react quickly to changes, altering processes in 

the body to adapt. For instance, if your body gets too hot, your involuntary nervous 
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system increases the blood circulation to your skin and makes you sweat more to cool 

your body down again. 

 Both the central and peripheral nervous systems have voluntary and involuntary 

parts. However, whereas these two parts are closely linked in the central nervous system, 

they are usually separate in other areas of the body. 

 The involuntary nervous system is made up of three parts: 

 The sympathetic nervous system 

 The parasympathetic nervous system 

 The enteric (gastrointestinal) nervous system... 

 Sympathetic nervous system aids in connecting the internal organs with that of 

brain via spinal nerves. Upon stimulation, the nerves tend to prepare the organisms 

for stress, by modifying/increasing HR (Heart Rate), thus the blood flow rapidly rises and 

in the muscles, whereas reduces substantially in the skin.
14 

 The nerve fibers of parasympathetic nervous system comprises primarily: 

 Cranial Nerves 

 Vagus Nerves, and  

 Lumbar Spinal Nerves 

https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0025458/
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0025459/
https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0025457/
https://www.britannica.com/science/stress-psychology-and-biology
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 Upon stimulation, the nerves induce specialized mechanism, involved with 

digestive secretions and reduce heartbeat. The following figure illustrates the overall 

functional role of sympathetic and parasympathetic nervous system.  

 

Figure 1. Illustrative representation of Autonomic nervous system 
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3.1.1 Role of ANS in cardiovascular system  

 Cardiovascular system could be characterized as the a complex synergy of several 

organs and tissues that collectively interacts, such as blood vessels and heart, regulated 

by the extrinsic as well intrinsic mechanisms. ANS on the other hand helps in providing 

rapid adjustments for the blood vessels and the heart muscles, placing a crucial role in the 

regulation of normal cardiovascular system regulation 
17

. 

 Heart is a complex organ, composed of muscular tissues comprising of specialized 

conduction and excitatory system, which could generate electrical impulses in a rhythmic 

manner, and also with transmitting the signals throughout the myocardium.  In the normal 

conditions, conduction processes is resumed by the particular region of the heart which is 

referred to as ‗atrial sinus node‘. The node contains electrical property, which facilitates 

in generating action potential, which quickly spreads with the help of specialized heart 

fibers. This transfer of rhythm by the fibers of heart leads to the cardiac muscle 

contraction
18

.  

 The intrinsic mechanism determines the basal cardiac rhythm. ANS plays 

significant role in controlling the normal functioning of heart and the entire vascular 

system, via parasympathetic and sympathetic fibers of the heart, similarly the 

sympathetic fibers present in the blood vessels
19

. The release of norepinephrine in the 

heart results in production of chronotropic as well as inotropic responses, produced by the 

sympathetic fibers of the heart. This response facilitates in stimulating β-adrenoceptors
20

. 

Similarly the release of acetylcholine in the heart results in the production of negative 
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chronotropic and inotropic responses, produced by the parasympathetic fibers of the 

heart. This response facilitates in stimulating muscarinic receptors
21

. ANS pathways is 

clearly illustrated in (figure 2) 

 

Figure 2. Illustration on ANS pathways (sympathetic and Parasympathetic) in 

regulation of Cardiovascular system (Silverthorn et al., 2009)
22
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 Thus, the resulting two ANS branches namely, sympathetic as well as 

parasympathetic fibers, act oppositely, thus providing a fine adjustment for appropriate 

cardiac tissue response for the various stimuli, thus assisting in normal functioning of 

cardiovascular system of individual in their day to day activities. In case of the blood 

vessels, the released norepinephrine, from that of sympathetic fibers results in 

vasoconstriction response, results in the activation of IP3 signaling pathway. The 

following (Figure 3) represents, cardiac autonomic functioning. 

 

Figure 3. Cardiac Autonomic Function 
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 There are certain undesirable factors affecting the normal balance between the 

sympathetic as well as parasympathetic system serving as the potential mechanism over 

CVD, such as heart failure, arterial hypertension and myocardial infarction. However 

there are exercise and breathing exercises involving Yogic practice, pranayama/breathing 

exercises facilitates in improving the autonomic dysfunction aiding the individuals in 

progressing pathological conditions
23

. 

3.1.2 Mechanism involved in heart rate control by ANS 

 Heart rate is controlled effectively via ANS as many investigations focused on 

determining the heart rate in conscious human participants. The observation was carried 

out by identifying the effects of β-adrenergic blockade by propranolol, (parasympathetic 

blockade) with atropine, combination of both sympathetic as well as parasympathetic 

blockade.). 

 Investigations on the efferent pathways are concerned with mediating the changes 

that are induced by the baroreceptors, resulting in the changes in the heart rate. This 

resultant outcome suggests the relative roles of both parasympathetic and sympathetic 

systems. Their activity serves to be the major contributor with the mechanism of speeding 

or slowing of the heart. The study which was concluded by Robinson et al., 

(1966)reported that the ultimate balance of HRV could be achieved only with 

determining the preexisting level of autonomic activity
24

.  

 The arterial baroreceptors serve as the stretch centers which facilitates in 

innervating the adventitia of carotid sinuses and the aortic arch. The increased level of the 
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arterial blood pressure, in turn regulates the activity of arterial baroreceptors. This 

triggers the membrane depolarization, through activating the ion channels via afferent 

fibers which transmits the receptor complex to NTS (nucleus of tractus solitaries).  The 

following (figure 4) illustrates the mechanism involved with modulating the 

sympathetic/parasympathetic fibers influenced by NTS and numerous effectors systems 

25 26
.The following Figure 4 represents the overall mechanism involved with ANS, CVS 

and Respiratory system 

 

Figure 4.Overall complex mechanism involved with ANS, CVS and Respiratory 

system 
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 The Reduced HRV and the baroreflex sensitivity serve as the independent and 

powerful predictors for poor prognosis of heart disease. Through slow and rhythmic 

breathing of yogic practice enhances the HRV as well as the baroreflex sensitivity to 

considerable levels through re-synchronizing the inherent cardiovascular rhythms. Many 

reports showed through chanting yoga mantras, slowed respiration range to more than six 

breaths per minute and enhanced HRV and the baroreflex sensitivity. The down-

regulatory effect was observed not particularly from the respiratory signals, but also 

exhibited in the RR intervals of ECG, systolic and diastolic blood pressures
27

. 

 

 

Figure 5. Overview the neural communication pathways between baroreceptor 

reflex and control of heart rate by autonomic nervous system. (Ferreria and 

Zanesco et al., 2016) 
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3.1.3 Abnormalities/imbalances governing ANS in cardiovascular systems and 

functioning of heart 

 Cardiovascular diseases (CVD), serves as the leading causes for mortality and 

morbidity among men and women. Studies strongly suggested growing cardiovascular 

abnormalities can be attributed due to negative affective states, work stresses and 

dispositions. Chandola et al., (2008) reported that work stresses serves as the major cause 

for decreased HRV ranges. The decreased HRV serves as the independent risk factor for 

mortality and morbidity
15

.  

 Many evidences over the recent years suggest that ANS serves as the primary 

reason among human beings for acquiring diseases, if there is an underlying abnormality 

is observed with normal autonomous functioning of sympathetic as well as 

parasympathetic systems. Sympathetic system assists in energy mobilization, whereas 

parasympathetic system assists in restorative as well as vegetative functions. In a healthy 

individual the ANS involving with both of these systems‘ activity should be under 

dynamic balance. ANS was greatly influenced /affected by the external influences. 

Respiration in particular serves as the major influential factor behind the ANS activity.  

 ANS Assessment and its activity were therefore performed via evaluating 

simultaneously on the individual‘s respiration. For determining the beat-to-beat 

variability, there are numerous techniques as well as methods involving with spectral 

analysis (fast Fourier transform analysis (FFT), autoregressive methods, etc) were 

employed
28 29

.  
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 The resultant autonomic imbalances of ANS was investigated that one branch 

tends to dominate over the other branch. This domination results in imbalance, which 

associates with poor or lack of dynamic flexibility and health. Majority of the available 

evidences suggested that the resulting autonomic imbalances were typically due to the 

observed hyperactivity of the sympathetic system and the parasympathetic system 

appeared hypoactive. This serves to be the major factor associated in the emergence of 

several pathological complications 
30, 31

.  

 In simpler terms, the dominance of sympathetic branches over longer periods 

could result in ANS imbalances. This in turn requires surplus energy demand for 

system‘s excessive functioning. With growing time, the resultant energy deficit could not 

be met by the body, eventually resulting in the death. Prior to the person‘s earlier death 

due to ANS abnormality, the individuals experience several cardiovascular related 

disease and complications and premature aging
32

.  

3.2 PRANAYAMA AND ITS VARIANTS IN FACILITATION OF NORMAL 

FUNCTIONING OF CARDIO-RESPIRATORY SYSTEM 

 Yogic disciplines involving Pranayama claimed to have a toning impact over the 

cardiorespiratory system, thus creating psychic and somatic equilibrium of the bodily 

functions. Evidences showed that Yogis who are practicing pranayama were found to 

stay in closed chambers for longer time period, altering cardiac rhythm
33 34

.  

Pranayama in actuality is regarded as the science of controlled as well as conscious 

expansion of the prana ‗representing the life force‘. The practice of pranayama helps in 

facilitating the therapeutic potential for several systemic complications involving 
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autonomic and cardiovascular and respiratory issues
35

. Practicing pranayama aids in 

improving the vagal tone as well as reduces the sympathetic activity to a significant level. 

Many reports involving different variations in autonomic and cardio-respiratory 

efficiency recorded after pranayamic breathing aided in significant improvement 
36 37

. 

 

3.2.1 Impact of pranayama and yogic practice in cardiac health and autonomic 

reactivity 

 Yogic breathing, otherwise referred to as ‗pranayama‘ involves with rhythmic and 

slower and deeper breathing, inspired by the predominant usage of abdominal 

musculature as well as the diaphragm. The breathing is held momentarily with full 

inspiration, which is within the limits of an individual‘s comfort as it allowed a 

spontaneous exhalation at a slower pace. The respiration if paused again within the 

individual‘s limits of comfort with full exhalation
38

. 

 The incorporation of pranayama technique over conventional exercise in 

particular, appeared to have beneficial for the individuals who are susceptible to ischemic 

heart disease and other cardiovascular complications. The practice involving the activity 

which is gradually incremental, aids in accelerating the recovery processes initially after 

a person who suffered with myocardial infarction. Even when the practice of pranayama 

has been popularized only to a limited extend in Asian region, especially in India, there 

has been a significant shift among the western society towards practicing yoga and 

pranayama over the recent years
39

. 
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Figure 6. Flowchart representing the therapeutic efficacy of Yoga in Cardiovascular 

abnormalities 
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 From the Medline reports which was launched about ‗Yoga‘ with regards to the 

cardiac disease and ‗cardiac health‘ was analyzed, over the period of 12 years starting 

from the year 1991 to 2003. The selected review observed that the practice of yoga 

seemed quite beneficial among the individuals who suffered ischemic heart disease 

(JayaSinghe, 2003).
40

 

 The practice of Yoga, especially Pranayama was beneficial among the patients‘ to 

recover after an episode of myocardial infarction. The practice aids in contributing better 

sleep, wades off stress, induces good appetite and reduces the physiological arousal that 

happens commonly among the patients. It was determined by Wenger et al., (1963) that 

those subjects who practiced pranayama were achieving greater work rates as well as 

reduced oxygen consumption comparatively for a unit work he/she performs. Thus the 

practice of pranayama helps in avoiding the individuals from acquiring high blood lactate 

level.
41

 

 Similarly a study conducted by Ray et al., (2001) reported that by incorporating 

pranayama and yogic practices aids in significantly improving the participant‘s anaerobic 

power and cardiovascular endurance. The practice of pranayama each day for more than 

6 months constitutes a significant improvement in the oxygen consumption to a maximal 

range (VO2max) as well as greater improvements on the effort tolerance among the 

healthy young men.
42
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 The breathing practices involving variants of pranayama and yogic asanas had 

significant impact when on comparison to the callisthenic exercise training, from the 

observed cardiovascular parameters among the participants. The physiological 

parameters such as O2 consumption, CO2 output, respiratory rate, heart variability rate 

and pulmonary respiratory rates were determined, for identifying the efficacy of 

practicing asanas and pranayama.  

 From the observed results showed reduced perceived exertion ranging around 13.8 

± 1.3 compared to the maximal exercise practiced in the case of conventional exercise 

ranging around (16.1 ± 1.2). However there is no significant variation was observed in 

the case of the findings from post myocardial infarction patients
42

.  

 Evidences of yoga and its beneficial effects in cardiac patient were outstanding. 

However, the underlying roles concerning with of management of asanas and pranayama 

in cardiac patient requires certain scientifically proven techniques on comprehensive 

cardiac care.  The relaxation exercises and respiratory exercises in Yoga exhibited 

superior clinical benefits, when on comparison to that of those who did not practice yoga. 

The findings of Madanmohan et al and Pal et al suggest that Chandranadi pranayamas are 

beneficial in reducing SBP plus are effective in reducing heart rate (HR) and respiratory 

rate in patients with HTN
43

. 
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Figure 7. Diagrammatic representation on the relationship of yoga and HRV 
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3.3 UPANISHAD’S DEPICTION ON THE PRACTICE OF PRANAYAMA 

 There are several reports on ancient scripts that strongly supports the benefits of 

practice of pranayama. 

The Chhandogya Upanishad (1:11:5) says:  

 

 

 

In prana all moveable and immoveable beings merge (during dissolution) and rise out of 

prana (during creation).
1 

Pranayama is the pause in the movement of inhalation and exhalation when that is 

secured. Inhalation and exhalation are methods of inducing retention. Retention is the 

key because it allows a longer period for the assimilation of prana, just as it allows 

more time for the exchange of oxygen and carbon dioxide in the c ells. As the breath is 

also intimately connected with various functions and organs of the body as well as the 

mind, by controlling the breath we also influence all these dimensions.
1
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A balanced, sequential movement from gross to subtle, from annamayakosha to 

anandamayakosha, is the aim. In the Hatha Yoga Pradipika(1:67) it has been said:  

 

 

 

Asanas, various types of kumbhaka (pranayama) and the other various means of 

illumination should all be practiced in the hatha yoga system until success in raja yoga is 

attained. 

The Shiva Samhita(3:57) states:  

 

 

 

When one attains the power of holding the breath for three hours, then certainly the 

wonderful state of pratya-hara is reached without fail.
1
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It is said in the Kathopanishad(2:3:2): 

 

 

 

 

 This whole world - whatever there is - vibrates having originated from prana.  

This cosmic prana, also called mahaprana, came into being at the time of creation. Thus, 

in order to fully understand prana, one must go back to the beginning of creation.
1
 

The tranquillizing practices of pranayama are designed to relax the body and mind, while 

simultaneously increasing the pranic capacity and conscious awareness.  

 

 These pranayamas stimulate the parasympathetic nervous system and draw the 

awareness within. Some bring about greater psychic sensitivity, while others cool the 

system. The tranquillizing techniques are usually practiced after nadishodhana, which 

balances the sympathetic and parasympathetic nervous systems by regulating the breath 

flow in the alternate nostrils. Therefore, the tranquillizing practices are done through both 

nostrils together and in some cases through the mouth. These practices should be avoided 

by persons who are excessively introverted, oversensitive or psychically unbalanced, as 

they may exacerbate this conditions.
44 
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3.4 SHEETALI PRANAYAMA 

 There are different variants of pranayama which produces different responses of 

cardiovascular parameters among the yoga practitioners. Madanmohan et al (2005) as 

well as Pal et al., (2004)showed that practicing a slow and deeper breathing showed 

significant impact in reducing the cardiovascular parameters such as BP and pulse rate 

within the experimental time frame
44 45

. 

 The meaning of the word ―Sheetali‖ represents ―cooling down‖. The process of 

breathing facilitating in cooling down the body and provides cooling sensation to the 

body. With daily practicing of Sheetali Pranayama helps in calming the mind and body. 

The ancient texts of Hatha Yoga Pradipika comprised of certain evidences, concentrating 

on the, Sheetali pranayama and Sheetkari pranayama. The practice of Sheetali Pranayama 

is quite similar to that of Sheetkari pranayama. Both Sheetali and Sheetkari Pranayama 

are breathing techniques (Pranayama) which basically aids in cooling down the 

practitioner‘s body temperature, thus exhibiting a positive impact on the endocrine glands 

and nervous system
46

.  

 The benefits of practicing Sheetali Pranayama are
1
: 

 Wades off diseases which commonly arise in mouth, tongue and throat. 

 Beneficial in treating diseases of spleen. 

 Beneficial in clearing fever and indigestion issues. 

 Effectively controls HTN/High B.P. 
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 Helpful in Pitta related diseases. 

 Facilitates in blood purifying. 

 Helps in cooling down the body temperature. 

 Aids in fighting against the Insomnia related problems. 

 Helps in calming down the mind, and is regarded as an effective stress buster. 

 Helps in controlling your emotional anger and anxiety. 

 Effective in hyperacidity. 

 Sheetali pranayama involves a similar form of slow and deeper breathing, helping 

in reducing the ventricular complexes, which in turn reduces the Blood pressure to 

considerable ranges. 

  Clinical observations reported by Sydorchuk et al., (2005) stated that by reducing 

the rate of breathing to have a positive impact in lowering the BP for people with mild to 

moderate HTN, serving as an effective intervention approach
47

.  

 By practicing Sheetali Pranayama, Chandranadi and Sheetkari pranayams aids in 

reducing BP to a greater extent, from the observations of Sales et al., (2007)
46

. From the 

observed study Sheetali as well as Sheetkari pranayams exhibited significant outcome in 

reducing SBP among individuals suffering with HTN.  

 The outcome from the study participants within the group, suggested that the 

changes mediated by the Sheetali pranayama in modifying the tone of sympathovagal 

nervous system.  
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 However there is considerable difference in the breathing technique between 

Chandranadi compared to Sheetali, since Sheetali pranayama is practiced by inhaling the 

cool air by folding the tongue.  

 The underlying abnormalities in ANS serve as the causative agent behind HTN. 

This could be attributed due to the increased sympathetic activity when on comparison 

with that of parasympathetic tone of the heart (Julius et al., 2000)
47

.  

The following illustration represents the proper way to perform Sheetali Pranayama 

 

 

 

Figure 8.Sheetali Pranayama 
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3.5 HEART RATE VARIABILITY ASSESSMENT 

 HRV assessment is regarded as one of the important non-invasive method, aiding 

in promoting indirect information regarding cardiac autonomic modulation. The method 

helps in analyzing the interval between the heartbeats and the fluctuations between two R 

waves (R-R interval). The following result reflects the autonomic control via sympathetic 

and parasympathetic influences in the heart.  The following figure 5 clearly represents the 

ECG tracing of the R-R interval as follows
48

.  

 

Figure 9. Factors responsible for the fluctuation in the HRV ranges 
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 It has demonstrated that the increase in the vagal efferent modulation is 

characterized by increasing in the HRV, whereas sympathetic stimulation diminishes the 

HRV which, in turn, has been associated with an increased risk of cardiovascular events 

and death in healthy patients
49 50

. 

 Indeed, many researchers have focused their studies on analysis of HRV patterns 

obtained under different physiological conditions in an attempt to evaluate the autonomic 

cardiovascular control in healthy individuals as well as the integrity of ANS in patients 

with cardiovascular diseases 
51

. Moreover, this analysis has been used, in order, to 

examine the acute or chronic responses promoted by physical exercise on the 

cardiovascular system
52 53

. 

 

Figure 10. ECG tracing in healthy individual. 
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 Cardiac rhythmicity and its relationship with the various physiological 

mechanisms have been historically investigated. During centuries, researchers sought in 

monitoring the patterns of sounds and rhythms cardiac and to examine that factors such 

as age, presence of diseases and physiological status would be associated with changes in 

rhythmic patterns of the heart 
54

. 

3.5.1 Methodology involved in HRV monitoring 

 HRV in beat-to-beat variation in both HR (Heart rate) and the duration of R-R 

interval in particular, became the popular investigational and clinical tool.
55 

The temporal 

fluctuations of HR exhibits, marked synchrony with that of respiration (increasing during 

inspiration and decreasing with expiration—the so called respiratory sinus arrhythmia).  

 The contributions of both parasympathetic and sympathetic divisions of the ANS 

and its variability are controversial, which remains the subject for active investigation 

and debate. A number of frequency and time domain techniques which are recently 

developed for providing the necessary insight for monitoring the cardiac autonomic 

regulation for both health and disease.
56 

 The interpretation of HRV was further complicated through inverse non-

relationship between R-R interval and HR. Maneuvers involved with accelerated HR 

(e.g., submaximal exercise) caused decrease in the HRV, even after normalization of HR 

changes with interventions that slowed down HR, thus yielding mixed results. For 

instance baroreceptor reflex activation resulted in provoking an increase in  the HRV 
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even after normalization of reflexively mediated by reductions in HR, whereas beta-

adrenergic receptor antagonists reduced rather than increased HRV after normalization 

for the drug-induced HR reductions).In a review article, Billman (2013) demonstrated 

that, among other factors involving with both heart rate and mathematical considerations 

has profoundly influenced LF/HF ratio such that it is not possible for determining the 

physiological basis for the widely use index.
57

 The study concluded that the 

preponderance of evidence confirmed LF/HF ratio cannot accurately quantify cardiac 

―sympatho-vagal balance‖ in either health or disease.
58 

 

Figure 11. Sympathetic and parasympathetic contribution in HRV monitoring 
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 HRV aids as an emergent property of interdependent regulatory systems which 

operate in the different time scales for adapting the psychological and environmental 

challenges. HRV is assessed through various analytical approaches. However the majorly 

available frequency domain involving power spectral density and time domain analysis. 

The interactions that lies between autonomic neural activity, respiration, BP and high 

level control system producing short and long term rhythm in measurement of HRV.  

 The recently available methods of time domain in HRV are one of majorly utilized 

approach for assessing the long term HRV profiles. The improvements are quite possible 

through numerical robustness. The use of contemporary parametric as well as 

nonparametric spectral methods was sufficient for analyzing the short-term ECGs without 

the transient changes of heart modulations period. 

 Asides, the necessity for developing a numerically robust technique that is suitable 

for full autonomic measurements. The present possibilities involving with quantifying as 

well as characterizing the RR dynamic interval sequence and transient changes in HRV 

are sparse which is still under mathematical development.  

 In case of the power spectral analysis by heart rate and arterial pressure through 

short-term variability revealed the existence in two rhythmic oscillations, namely: 

 High Frequency (HF) corresponding to respiratory activity (around 0.25 Hz), and 

 Low frequency (LF) component corresponding to vasomotor waves (around 0.10 

Hz).  
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3.5.2 Time dependent variable  

 Time domain measurement in HRV is considered as one of the simplest and quite 

an effective method. This method involves in determining HR at any point of 

time/interval between successive normal complexes are determined. From continuous 

ECG records, the RS complex is determined and the Normal-to-Normal or otherwise 

known as the instantaneous HR. Measurement of time domain variable involved in 

calculating mean NN interval.
57

 

3.5.3 Frequency dependent variables 

 This method involves with incorporating various spectral method. Through 

analysis of tachogram and PSD (Power Spectral Density) analysis provides basic 

information on how distribution of power (variance), serves as a function of frequency. 

Methods involved in PSD measurement of frequency variable can be generally classified 

under parametric and nonparametric approaches. For most of the instances, both the 

results exhibit comparable results.
58 

 

The following Table 1 and Table 2 represent Time and Frequency domain measures 

respectively.  
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Table 1. Selected Time Domain Measures of HRV 

Variable Units Description 

SDNN Ms Standard deviation of all NN intervals 

SDANN Ms Standard deviation of the averages of NN intervals in 

all 5- minute segments of the entire recording 

RMSSD Ms The square root of the mean of the sum of the 

squares of differences between adjacent NN intervals 

SDNN index Ms Mean of the standard deviation of all NN intervals 

for all 5-minute segments of the entire recording 

SDSD Ms Standard deviation of differences between adjacent 

NN intervals 

NN50  Number of pairs of adjacent NN intervals differing 

by more than 50 ms in the entire recording; three 

variants are possible counting all such NN intervals 

pairs or only pairs in which the first or the second 

interval is longer  

Pnn50 % NN50 count divided by the total number of all NN 

intervals 
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Table 2. Selected Frequency Domain Measures of HRV 

Variable Units Description Frequency 

Range 

5-min total power ms
2
 The variance of NN intervals over 

temporal segment 

=≤ 0.4 HZ 

VLF ms
2
 Power in VLF ranges ≤ 0.4 HZ 

LF ms
2
 Power in LF ranges 0.04-0.15 HZ 

LF norm  LF power in normalized units 

LF/(total power-VLF) * 100 

 

HF ms
2
 Power in HF range 0.15-0.4 HZ 

HF norm Nu HF power in normalized units 

HF/ (total power-VLF)* 100 

 

LF/HF  Ratio LF (ms2)/HF(ms2)  
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3.6 CARDIOVASCULAR PARAMETERS 

 The major cardiovascular parameters for monitoring the functioning of CVS are: 

 Blood pressure 

 Pulse rate  

 

3.6.1 Blood Pressure  

 Blood pressure (BP) involves in determining the pressure of the blood circulation 

on the walls of the blood vessels. Blood pressure is usually assesses the pressure of the 

large arteries that are involved in the systemic circulation of the blood. Blood pressure is 

expressed majorly through  

 Systolic pressure, which represents the maximal pressure during the heartbeat. 

 Diastolic pressure represents the minimal pressure exhibited between two heart 

beats.  

 The blood pressure is measured via millimeters of mercury (mmHg) across the 

surrounding atmospheric pressure.  
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 The change in the blood pressure arises routinely due to the appropriate amounts 

of nutrients and oxygen while transporting it to the tissues that are present throughout the 

bodily systems.
59

 

 The change in blood pressure could be adjusted via producing the changes in these 

variables namely: 

 Alteration of Cardiac output via changing the stroke volume and heart rate. 

 Resistance of the blood flow within the blood vessels, which most often alters the 

vessel‘s diameter through the process of vasoconstriction and vasodilation process.  

 Change in the blood viscosity, altering the rate of blood flow to a considerable 

extent.
60

 

 

Figure 12. Diagrammatic representation of systolic and diastolic pressure 



42 
 

3.6.1.1 Cardiac cycle and its influence in blood pressure changes 

 Cardiac cycle determines the performance of human heart through determining the 

frequency between the beginning of one heart beat with that of the next simultaneous 

heartbeat. The process comprises majorly of two periods 

 The first period represents the relaxation of the heart muscles. During this 

particular period, the blood gets refilled in the heart. This process is known as 

diastole.  

 The second period involves with robust contraction of heart muscles. During this 

particular period, the blood is pumped/released in the systemic circulation. This 

process is referred to as systole.  

 

 After emptying, the heart relaxes immediately, followed by expansion for 

receiving another influx of oxygenated blood which is refilled, after transportation of 

gases takes place from the lungs and from other bodily systems. This is followed by 

undergoing another cycle of contraction for pumping the blood to lungs and other parts of 

the body.  

 A healthy sign, which needs to exhibit by the heart involves in the full expansion 

of the cardiac muscle before the organ could efficiently involve in pumping the blood 

again. The normally functioning heart appears to have a typical rate of over 70-75 BPM 



43 
 

(Beats per minute) and the duration for each cardiac cycle/heart beat should be about 0.8 

seconds.
61 

 

Figure 13.Diagrammatic representation of cardiac cycle 

 



44 
 

3.6.2 Pulse rate 

 Pulse rate is one of the vital sign that allows to determine the cardiovascular 

parameter of the patient‘s heart rate (HR). This in turn helps in identifying any 

abnormalities pertaining to CVS by assessing the regularity, strength and the nature of the 

pulse. The resulting irregularities, directly reflects the possibility for the heart related 

problems for that particular individual, thus providing the insights for further clinical 

investigations.
62

 

 The pulse provides the initial recording (baseline), which enables the 

physician/healthcare professionals to compare and contrast with the upcoming future 

measurements, aiding him/her to monitor the changes that are observed in the patient‘s 

current physical conditions. The pulse rate could be measured at various locations in the 

body. The points represent the locations in which the artery is situated superficially 

beneath the skin. Thus facilitating in measuring the pulse by compressing against the 

bone, thus allowing the physician for observed each beat.
63 

 The pulse rate is a common approach utilized for measuring the heart rate or in 

other words, to identify the total number of times, the heart beats in a minute. When the 

heart pushes the blood via the arteries, they tend to expand followed with contraction, 

with respect to the blood flow. The pulse rate not only helps n measuring the heart rate, 

as it is a common indicator of 

*Heart rhythm*Strength of the pulse 
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 Pulse rate differs between individuals based on the difference in the age group. 

However, the normal pulse rate in a healthy adult should range from 60-100 BPM (Beats 

Per Minute).
64, 65

 The rapid fluctuation in the pulse rate and the raise in the measurement 

could attribute to certain factors such as illness, performing strenuous activity/exercise, 

injury as well as the emotions.
62, 66

 The following table provides the observed overall 

standard pulse rate observed among different age groups as follows: 

 Pulse could be measured manually by following: 

 Hold out one of the hands with the palm facing upwards 

 Then press the first (index) finger as well as the middle finger with the other hand 

on the inside of the wrist at the thumb‘s base (It is advisable not to use the thumb 

as it had its own pulse) 

 Press the skin lightly until you could feel the pulse. If the pulse could not be 

determined, the practitioner should try once again by pressing a little bit harder or 

by moving the fingers around.  

In case of measuring the pulse in neck region. The practitioner observes, by pressing the 

first finger as well as the middle finger along the neck in the side, just below the jaw and 

besides the windpipe.  

 

 



46 
 

The pulse in turn directly represents the number of times the heart beats per 

minute (BPM). The pulse rate could be determined whether it is regular or irregular by 

feeling the rhythm for about 30 seconds.  

 It is pretty much common to observe irregular heartbeats, sometimes even missed 

beats. However if the individual‘s pulse continued to be irregular, which shows direct 

signs of atrial fibrillation. Atrial fibrillation involves irregular and even abnormally fast 

heart rate. This could more likely occur, when an individual reaches age 65 years or 

above.  

 For most of the adults, the resting rate of the HR lies between 60 -100 bpm. This 

directly represents, that lower the resting rate the fitter and most healthy the particular 

individual is. In most of the sports athletes the resting rate of the HR lies between 40-60 

bpm.  

 Heart rate monitor involving sphygmomanometer provides a good indication on 

the overall fitness level of the individual. HR monitor aids in recording HR while resting 

or during the exercise activity. Exercising, pranayama, and aerobic activities involving 

running, walking and swimming are effective types of exercise, since it increase the heart 

and breathing rates drastically.   
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Table 3. Normal pulse rate range, by age (Pickering et al., 2013)
62 

 

Age Pulse rate (beats per 

minute) 

Newborn 

(resting) 

100-180 

Infant (resting) 80-150 

Child 26 years 75-120 

Child 6-12 years 70-110 

Adolescent-adult 60-90 

The pulse is most commonly measured by palpating the side of the neck, or inside the 

elbow/wrist. Most people monitor the pulse at the wrist.  
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4.0 METHODOLOGY 

 The methodological process involved in the following study is described in detail 

in this chapter.  

4.1 STUDY DESIGN:  

 The study employs prospective intervention study. This particular study is tailed 

majorly towards evaluating the direct impact over practicing ‗Sheetali Pranayama‘ and its 

efficacy in increasing the Heart rate variability as well as improving the cardiovascular 

parameters.  

4.2. ETHICAL CONSIDERATIONS 

4.2.1 Ethical clearance 

 Ethical clearance was sought from the Institutional Ethics Committee prior to the 

start of the study and the approval for the same was granted. 

4.2.2 Written informed consent 

 Subjects who fulfilled inclusion criteria were apprised about the purpose of the 

study and their rights as research subjects. Informed consent form was administered in 

English. 
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 As all the subjects understood spoke English, there was no requirement of 

translating the signed informed consent form into native language i.e., Tamil. Adequate 

time was given to each patient to go through the information sheet and their queries were 

answered. 

 Their right to withdraw anytime from the study and the need for willingness to 

participate voluntarily in the study was explained. All the subjects expressed their 

willingness to participate in the study by giving a signed informed consent.(A sample 

information sheet and consent form is enclosed as Annexure 1 

 

Figure 14.The practitioner getting prior consent from the participant 
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Figure 15. Flowchart representation of research methodology 
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4.3 SUBJECTS:  

 The study subjects, comprised of 30 healthy volunteers of age group between 18 -

35 yrs will participate in the study. The subjects will be referred by outpatient department 

of Govt Yoga and Naturopathy Medical College Hospital, Chennai.  

After obtaining informed consent, the individual would be subjected to one week training 

on sheetali pranayama. After training individuals are made to perform sheetali pranayama 

for twenty minutes daily for four weeks.  

The collection of first data is before the practice, second data is at the end of the second 

week of practice, third data will be after fourth week of practice.  

4.4 STUDY PERIOD:  

12 months   

4.5 SUBJECT SELECTION:  

Taking the subjects who are satisfying the following inclusion & exclusion criteria 

4.5.1 Inclusion Criteria  

 Age group: 18 to 35 years  

 Both sexes  
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 People who are ready to give their consent  

4.5.2 Exclusion Criteria  

 Participants will be excluded if they have  

 Systemic issue or Chronic illness  

 Active athletes  

 Under medication  

 Regular practice of yoga for the past 3 months  

 Sensitive teeth  

 Missing teeth or denture.  

4.6 SAMPLE SIZE  

30 healthy volunteers of age group between 18 -35yrs will participate in the study. The 

subjects will be recruited from the Out – patient department of Government Yoga and 

Naturopathy Medical College Hospital, Chennai  

4.7WITHDRAWAL CRITERIA:  

All subjects are free to withdraw from participation in the study at any time, for any 

reason, specified or unspecified, and without prejudice to further yogic practices. 

Subjects who are withdrawn from the study will not be replaced. 
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4.8 METHODOLOGY:  

A single group pre-post study design will be adopted in this study. All the recruited 

subjects will be given sheetali pranayama for the duration of 4 weeks. Assessments such 

as blood pressure, heart rate and heart rate variability will be taken before and after the 

intervention.  

Thirty healthy volunteers of age group between 18-35 yrs will be recruited in the study. 

The subjects are general public from Government of Yoga and Naturopathy Medical 

College hospital, Chennai-106. After obtaining informed consent, short term HRV, BP 

and HR for the selected individuals will be recorded, followed by sheetali pranayama 

practice for 4 weeks daily for 20 minutes. Post interventional cardiovascular and 

autonomic parameters will be recorded.  

4.9 DURATION OF THE ENTIRE INTERVENTION PROCEDURE:  

Training period: 1 week  

Intervention period: 4 week  

Frequency of practice: daily  

Duration of practice: minimum of 20 min  
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4.10 PROCEDURE FOR PRANAYAMA  

4.10.1 Getting ready for Pranayama:  

 Participants were instructed to sit in padmasana position (cross-legged on the floor 

with the feet on the thighs and the soles facing upwards) with relaxed body and erect 

spine.  

 The hands were to be kept on the knees in Gyan Mudra Posture (the tips of the 

index fingers to be joined to the tips of the thumbs while keeping the other fingers 

extended and loose). Eyes were to be closed gently.  

 Body and the mind were to be relaxed for 2 minutes (min) followed by 3 min of 

normal breathing before starting the procedure. 
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Figure 16. A participant performing Gyan Mudra in Padmasana posture 

 

4.11 SHEETALI PRANAYAMA  

 The participants were asked to extend the tongue outside the mouth as far as 

possible without strain and roll the sides of the tongue up so that it would form a 

tube. They were instructed to inhale through the tube for 4 seconds (sec) with 

opened eyes. The inhalation was done with the hissing sound like.....c....c.....c and 
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they were instructed to concentrate on the coolness developed on the tongue and 

roof of the mouth  

 At the end of inhalation, the tongue was drawn in, mouth was closed and 

exhalation was done through the nose. They were asked to feel the coolness of the 

breath penetrating into the brain and spreading out into their entire nervous 

system.  

 Initially inhalation was done for 4 sec and exhalation was done for 6 sec (4:6). 

Slowly with practice they were instructed to increase the counts to 4:8, or 5:10 or 

6:12.  

 This was continued for 5 minutes (min) which was considered as one round of 

Sheethali pranayama. This was followed by 1min rest.  

 This 5 min Sheetali pranayama with one min gap was repeated two more times 

and at the end of this, 3 min rest was followed. Altogether this one round was 

spanned for 20 min.  

 After obtaining informed consent, short term HRV, BP and HR for the selected 

individuals will be recorded, followed by Sheetali prayanama. Post interventional 

cardiovascular and autonomic parameters will be recorded.  
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Figure 17. A participant performs Sheetali Pranayama 

 

4.12 TIME PERIOD FOR DATA COLLECTION:  

1. Base line (before): Both HRV and cardiovascular parameters were measured prior to 

the intervention studies 

2. At 2nd week: Both HRV and cardiovascular parameters were measured during the 

intervention/training period 
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3. At 4th week (After) : Both HRV and cardiovascular parameters were measured after 

the intervention period 

4.13 DATA EXTRACTION  

4.13.1 Heart Rate Variability:  

 After 15 minutes of supine rest on a couch, ECG was recorded for 5 minutes with 

controlled breathing. For recording of short-term HRV recommendation of the Task 

Force on HRV is followed. 

  For this purpose, limb Lead II ECG was acquired at a rate of 8000 samples/ 

second during supine rest using ECG analog amplifier. Ectopics and artifacts were 

removed from the recorded ECG after manual checking in offline mode.  

 Thus, HRV data will be excluded when recordings have more than 10% of beats 

are premature, or arte fact time exceeded 5% of recorded time. Raw R-R interval data 

will be obtained from simple analog converter is stored in the system and HRV analysis 

was done using kubios HRV analysis software version 2.2 (Bio-signal Analysis group, 

Finland). Linear model HRV analysis was carried out in this study and analyzed in the 

time and frequency domain.  
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 In the time domain, the standard deviation of the NN interval (SDNN), the square 

root of the mean squared differences of the successive NN intervals (RMSSD), the 

number of interval differences of successive NN intervals greater than 50 ms (NN50), 

and the proportion derived by dividing NN50 by the total number of NN intervals 

(pNN50) will be used. 

 

Figure 18. HRV assessment on study participants 
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 In the frequency domain, power spectral density (PSD) analysis in nonparametric 

method (fast Fourier transform) were used. They were low frequency (LF, 0.04–0.15 Hz) 

and high frequency (HF, 0.15–0.40 Hz) in square milliseconds (ms2) as well as 

normalized units (LF nu and HF nu, respectively), and LF/HF ratio.  

4.13.2 Blood Pressure and Pulse Rate:  

 Heart rate and blood pressure was obtained before and after Sheetali pranayama 

using a digital sphygmomanometer. Three consecutive readings were taken and the 

average was recorded.  

 

Figure 19. Assessment of Blood Pressure for the study participants 
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Figure 20. Digital Sphygmomanometer 

 

4.14 STATISTICAL ANALYSIS: 

 Paired t test or one way ANOVA followed with post hoc test was performed to 

find the variation of mean using R statistical software. 
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5.0 RESULTS  

 

5.1 INTRODUCTION 

 The following chapter represents the overall results of the current study that 

determines the effectiveness of practicing Sheetali Pranayama. The resultant outcomes 

from the interventional studies were monitored from the HRV and cardiovascular 

parameters, which were further subjected to statistical analysis. 

5.2 STATISTICAL ANALYSIS 

 The results for the following studies were statistically determined for both HRV 

and cardiovascular parameters and the results were graphically plotted by R-statistical 

software. The following data for each subsets were expressed Mean± SD.  

5.2.1 Effect of Sheetali Pranayama in Cardiovascular Parameters 

 Comparison of Mean during the baseline, 2
nd

 week and the 4
th

 week was analyzed 

via one-way ANOVA, followed by post-hoc test for determining the variation in the 

overall mean during the study period.  
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Table 4: Effect of Sheetali pranayama practice on resting cardiovascular 

parameters 

 

Cardiovascular 

parameters 

Baseline 2nd Week 4th Week P value 

SBP 105.33±10.87 102.73±10.43 100.27±9.03 0.04 

DBP 72.46±6.57 70.73±7.07 69.03±6.17 0.04 

PR 86.50±11.44 81.86±10.23 77.03±8.57 0.004 

SBP- Systolic blood pressure, DBP- Diastolic blood pressure, PR- Pulse rate 

 

 

The resultant Table 4 represents the overall impact of Sheetali Pranayama on the 

systolic and diastolic blood pressure as well as the pulse rate of the study participants. 

The overall mean of the cardiovascular readings, of the study participants‘ SBP 

(105.33±10.87); DBP (72.46±6.57) and PR (86.50±11.44), were significantly improved 

to 102.73±10.43; 70.73±7.07 and 81.86±10.23, respectively. The parameters were further 

reduced during the 4
th

 week of the measurements, as the overall BP and Pulse rate were 

in ranges of 100.27±9.03/69.03±6.17 and 77.03±8.57 respectively.  
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The below Figure provides a graphical illustration, representing the overall 

changes observed in the cardiovascular parameters, before, during and after the 

completion of intervention.  

 

 

* indicates significance at p<0.04, ** indicates significance at p<0.004 

Figure 21. Graphical representation on Blood pressure and pulse rate (Baseline, 2
nd

 

and 4
th

 week of intervention study) 
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5.2.2 Effect of Sheetali Pranayama  

 

The resultant HRV readings were evaluated in two different approaches namely 

 Time domain variable 

 Frequency domain variable 

 

5.2.2.1 Time domain variable for HRV monitoring 

 

Table 5: Effect of Sheetali pranayama practice on Time domain parameters of Short 

Term HRV  

Time domain 

parameters  

Baseline  2nd Week 4th Week  P value  

HR 87.37±8.6 83.54±10.18 79.83±8.60 0.001 

RR 699.93±75.23 732.43±90.56 766.037±89.29 0.003 

SDNN 45.07±4.32 48.20±3.87 57.04±5.67 0.05 

RMSSD 33.43±2.89 36.16±4.20 46.11±5.20 0.05 

NN50 32.33±4.70 48.96±6.82 53.45±3.28 0.04 

pNN50 5.60±1.20 7.32±2.79 9.40±3.95 0.05 

RMSSD, square root of the mean squared differences between adjacent normal RR 

intervals; SDNN, standard deviation of all normal RR intervals; ), NN50 the number of 

interval differences of successive NN intervals greater than 50 ms, and pNN50 the 

proportion derived by dividing NN50 by the total number of NN intervals. 
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HRV ranges observed during the baseline measurements of HR, RR, NN50 and 

pNN50 showed significant improvement in the 2
nd

 and 4
th

 week. The following Figure 

illustrates the difference in the HRV, during the baseline, 2
nd

 and 4
th

 week of 

intervention.  

 

 

 
* indicates significance at p<0.001, ** indicates significance at p<0.003, # indicates 

significance at p<0.04, ## indicates significance at p<0.05  

 

Figure 22. Graphical representation on HRV time dependent domain (Baseline, 2
nd

 

and 4
th

 week of intervention study) 
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5.2.2.2 Frequency domain variable for HRV monitoring 

 

Table 6: Effect of Sheetali pranayama practice on Frequency domain parameters of 

Short Term HRV  

Frequency  

domain 

parameters 

Baseline 2nd Week 4th Week P value 

LF 55.96±7.90 51.09±8.28 46.34±5.34 0.01 

HF 43.90±3.90 47.28±6.82 53.90±7.26 0.05 

LF/HF ratio 1.75±0.8 1.90±0.62 2.42±0.42 0.05 

LF- low frequency; HF-high frequency; LF/HF ratio, ms- milliseconds; nu- normalized 

units. 

 

 

 From the observed readings from the Table representing the HRV ranges in terms 

of frequency (High frequency and Low Frequency) was determined, during the baseline, 

2
nd

 and 4
th

 week of intervention.  

 From the above Table, which showed that the baseline LF (55.96±7.90), HF 

(43.90±3.90) and LF/HF (1.75±0.8) ranges were significantly improved with practicing 

Sheetali Pranayama among the study participants as the observed readings of LF (2
nd

 

week-51.09±8.28 and 4
th

 week-46.34±5.34), HF (2
nd

 week- 47.28±6.82 and 4
th

 week- 
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53.90±7.26) and LF/HF ratio (2
nd

 week- 1.90±0.62 and 4
th

week- 2.42±0.42) was 

improving to a greater extent within the small duration of intervention period. 

 

 The graphical illustration represents the overall improvement in the HRV in terms 

of Frequency domains during the 2
nd

 and 4
th

 week, when on comparison with Baseline 

period.  

 

*  indicates significance at p<0.01, #  indicates significance at p<0.05  

Figure 23. Graphical representation on HRV frequency dependent domain 

(Baseline, 2
nd

 and 4
th

 week of intervention study) 
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6.0 Discussion 

 This present study shows that practice of Sheetali Pranayama for the period of 4 

weeks having a significant improvement in the overall short term HRV and 

cardiovascular parameters. CVD is one of the major causes for the mortality and 

morbidity, especially in the developing nations. The incidence in the rise of 

cardiovascular issues has been the major health burden in many countries.
67

 The raising 

trend of the CVD and HRV issues could be mainly attributed to poor lifestyle and eating 

habits and lack of physical exercises and also majorly due to the mental stress,  pollution, 

raise in the susceptibility to infection. Habits like smoking and alcohol consumption. 

Most of the factors that are responsible for CVD could be modifiable.
68, 69 

             Yoga mainly meditation shows the reduction in PR, SBP, and DBP can be 

attributed to modulation of autonomic activity with parasympathetic predominance and 

relatively reduced sympathetic tone. This autonomic modulation in yoga is mediated 

through modification of breathing patterns which triggers various central and autonomic 

mechanisms as well as mechanical and hemodynamic adjustments causing both tonic and 

phasic changes in cardiovascular functioning.
70

 

                  Physical exercises like Yoga, especially pranayama helps in reducing the 

occurrence of cardiovascular issues by improving the cardiovascular parameters and 

complications. They assists in promoting the mental and physical health with the 

regulated breathing (pranayama). HRV acts as a major tool for assessing the influence of 

ANS on CVS.  Autonomic disturbances could have an adverse impact on the functioning 
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of the heart. The time domain markers such as SDNN, RMSSD and PNN50 were found 

to be significantly improved with the practice of Sheetali pranayama over the period of 4 

weeks. SDNN indicates variability in duration of diastole which in turn influences the 

functioning ability of the heart. Increase in RMSSD and PNN50 suggests 

parasympathetic predominance evidenced by increased duration of cardiac cycle. 

 The practice of Sheetali pranayama over the period of 4 weeks has improved the 

LF power spectrum to significant ranges. This could be attributed due to the inhibition in 

the posterior/sympathetic region of the hypothalamus that optimizes the sympathetic 

responses over stressful stimuli. In our study, there was a demonstrable improvement in 

the cardiac autonomic function. The practice of ―Sheetali Pranayama‖ has a noticeable 

benefit on general health status of the individual and thus promoting positive health. 

These beneficial effects were observed even with short-term practice of yoga. It is 

reasonable to believe that regular and long-term practice of yoga will help reduce the 

incidence of non-communicable diseases resulting in better quality of life. 

 Unbalanced sympathetic over activity can lead to cardiovascular and metabolic 

disorders. These can lead to development of hypertension in later part of life. Practice of 

yoga which involves lifestyle modification can be used as a non-pharmacological 

technique to prevent cardiovascular complications. Periodic assessment of cardiac 

autonomic function in subjects who have practiced yoga for short duration can be 

undertaken. These assessments will throw light on the sustenance of beneficial effects 

after cessation of yogic practice. However, it is worthwhile to recommend continued 
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practice of yoga to preserve and enhance beneficial effects obtained by short-term 

practice of yoga. In our study, influence of short-term practice of yoga for duration of 1 

month in healthy male volunteers showed a demonstrable change in HRV, with a 

significant decrease in sympathetic activity and trend toward an increase in 

parasympathetic activity, hence shifting sympathovagal balance toward parasympathetic 

predominance.
71 
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7.0 CONCLUSIONS 

 The present study confirms that by practicing ―Sheetali Pranayama‖ alone could 

improve the overall short term HRV and cardiovascular parameters, thus effectively 

improving the sympathovagal balance toward parasympathetic predominance. Sheetali 

pranayama is a simplified procedure and a variant of pranayama type without any sort of 

side effects, upon practicing. By practicing particularly of this pranayama alone, by 

anyone who has cardiovascular issues, exhibit a significant improvement in the 

cardiovascular and HRV ranges, thus reflecting their improvement in their cardiovascular 

system. Nowadays the risks pertaining to CVD related issues were raising over the 

years.
67

 HRV acts as an effective tool representing the heart‘s actual functioning in a 

precise manner, apart from other cardiovascular parameters such as pulse rate and blood 

pressure. Through assessing these parameters among the study participants/subjects over 

the period of 1 month (4 weeks) showed significant improvement, thus exhibiting the 

effectiveness of practicing Sheetali pranayama.  

 

LIMITATIONS:  

 The current study was a pilot study comprising only of minimal number of 

subjects.  

  The outcome variable used in the study, cannot be inferred, or taken as an overall 

mean, since the age and gender related factors could vary.  
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  Randomization was not done.  

 

RECOMMENDATIONS:  

 The same study can be conducted on a larger population with suitable study design 

and some objective kind of outcome variables could be included to validate the current 

results.  
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8.0 SUMMARY 

 The study‘s objective was to determine the impact of Sheetali pranayama in 

improving the short term HRV and cardiovascular parameter. The causes for major CVD 

related issues in recent days are due to could be reflected in the reduced HRV ranges and 

abnormal cardiovascular parameters.  

 Poor lifestyle, stress filled environment are contributing factors behind CVD and 

abnormal measurements in the actual readings of cardiovascular and HRV parameters. 

Sheetali pranayama, a variant of pranayama technique is helpful relieving pain and 

improve the respiratory process to significant levels. Many literature studies have 

witnessed the efficacy of practicing pranayama to assist in normal functioning of 

cardiovascular system.  

 The following study was intended majorly towards determining that the short 

practicing of Sheetali Pranayama could facilitate in improving the HRV and 

cardiovascular ranges. The study was conducted among the healthy study participants 

over a total period of 30 days. The baseline measurements were monitored initially for 

evaluating the actual difference in the HRV and cardiovascular parameters (BP and PR).  

 The entire study was conducted for a total period of 4 weeks. HRV and 

cardiovascular parameters were assessed during the 2
nd

 week and the final 4
th

 week of the 

study. From the observed study, the participants who practiced Sheetali Pranayama 

exhibited significant improvement in their overall BP, PR and HRV readings.  
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 The overall (Mean±SD) showed significant improvement in the HRV, for both 

time variable and frequency variable domain. The measured HRV time variable domain 

during the baseline study was (HR- 87.37±8.6; RR - 699.93±75.23; SDNN- 45.07±4.32; 

RMSSD- 33.43±2.89; NN50- 32.33±4.70 and pNN50- 5.60±1.20) significantly improved 

during the 4
th

 week (HR- 79.83±8.60; RR - 766.037±89.29; SDNN- 57.04±5.67; 

RMSSD- 46.11±5.20; NN50- 53.45±3.28and pNN50- 9.40±3.95).  

 Similarly the Frequency variable domain during the baseline study was (LF-

55.96±7.90 HF- 43.90±3.90; LF/HF-1.75±0.8) significantly improved in the 4
th

 week of 

the intervention (LF-46.34±5.34; HF- 53.90±7.26; LF/HF-2.42±0.42). Similarly the SBP- 

105.33±10.87; DBP-72.46±6.57 and PR-86.50±11.44) during the baseline was also 

greatly improved (SBP- 100.27±9.03; DBP-69.03±6.17and PR-77.03±8.57). From the 

overall study‘s outcome exhibited that short term practice of Sheetali Pranayama had a 

significant improvement in CVS functioning. Through performing Sheetali Pranayama 

and other Yoga asanas would improve the lifespan of individuals significantly.   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



76 
 

9.0 REFERENCES 

[1] Saraswati S, Saraswati SN. Four chapters on freedom: Commentary on the yoga 

sutras of Patanjali. Nesma Books India; 2002. 

[2] Satyananda SS. Asana pranayama mudra bandha. (1996). 

[3] Majercak I. The use of heart rate variability in 

cardiology. BratislLekListy. 2002;103:368–77. 

[4] Heart rate variability. Standards of measurement, physiological interpretation, and 

clinical use. Task Force of the European Society of Cardiology and the North 

American Society of Pacing and Electrophysiology. Eur Heart J. 1996;17:354–81. 

[5] Huikuri HV, Jokinen V, Syvänne M, Nieminen MS, Airaksinen KE, Ikäheimo MJ, 

et al. Heart rate variability and progression of coronary 

atherosclerosis. ArteriosclerThrombVasc Biol. 1999;19:1979–85. 

[6] Sharma VK, Trakroo M, Subramaniam V, Rajajeyakumar M, Bhavanani AB, 

Sahai A. Effect of fast and slow pranayama on perceived stress and cardiovascular 

parameters in young health-care students. Int J Yoga 2013;6:104-10. 

[7] Raghuraj P, Telles S. Immediate effect of specific nostril manipulating yoga 

breathing practices on autonomic and respiratory variables. ApplPsychophysiol 

Biofeedback 2008; 33:65-75. 

[8]  Nivethitha L, Mooventhan A, Manjunath NK. Effects of various Prāṇāyāma on 

cardiovascular and autonomic variables. Ancient science of life. 2016 

Oct;36(2):72. 

[9] Rajvanshi AK. Science of Pranayam and Homeopathy. 



77 
 

[10] Saraswati SN. Pranayama. In: Prana Pranayama PranaVidya. 1st ed. Munger, 

Bihar: Bihar School ofYoga Publications; 1997 p.l 13-263 

[11] Kuma A. Effect of pranayama. The Journal of Pediatrics of Korean Medicine. 

2006;20(3):171-7. 

[12] Nagarathna, R. and Nagendra, H.R., 2003. Yoga. Swami Vivekananda Yoga 

Prakashana), India. 

[13] AtreyaBhikhanlal (1989). ‗Yogavasisthaaurusakesiddhanta‘ published by shree 

Krishna sevasansthana Mathura, India. 

[14] Rosengren A, Hawken S, Ounpuu S, et al. Association of psychosocial risk 

factors with risk of acute myocardial infarction in 11119 cases and 13648 controls 

from 52 countries (the INTERHEART study): case-control study. Lancet 

2004;364:953–62.  

[15] Chandola T, Britton A, Brunner E, et al. Work stress and coronary heart disease: 

what are the mechanisms? Eur Heart J 2008;29:640–8. 

[16] Robinson BF, Epstein SE, Beiser GD, Braunwald E. Control of heart rate by the 

autonomic nervous system: studies in man on the interrelation between 

baroreceptor mechanisms and exercise. Circulation Research. 1966 Aug 

1;19(2):400-11. 

[17]  Hall JE. Guyton and Hall textbook of medical physiology e-Book. Elsevier 

Health Sciences; 2015 May 31. 



78 
 

[18]  Shaffer F, McCraty R, Zerr CL. A healthy heart is not a metronome: an 

integrative review of the heart's anatomy and heart rate variability. Frontiers in 

psychology. 2014 Sep 30;5:1040. 

[19] da Silva E, Rebelo AC, Tambur s NY, Salviati MR, Santos MC, Zuttin RS. 

Spectral Analysis of Heart Rate Variability in Women. InFourier Transform 

Applications 2012. InTech. 

[20] Gwathmey JK, Copelas L, MacKinnon R, Schoen FJ, Feldman MD, Grossman 

W, Morgan JP. Abnormal intracellular calcium handling in myocardium from 

patients with end-stage heart failure. Circulation research. 1987 Jul 1;61(1):70-6. 

[21] Dörje F, Wess J, Lambrecht G, Tacke R, Mutschler E, Brann MR. Antagonist 

binding profiles of five cloned human muscarinic receptor subtypes. Journal of 

Pharmacology and Experimental Therapeutics. 1991 Feb 1;256(2):727-33. 

[22] Silverthorn DU, Ober WC, Garrison CW, Silverthorn AC, Johnson BR. Human 

physiology: an integrated approach. San Francisco, CA, USA:: Pearson/Benjamin 

Cummings; 2009. 

[23] Veerabhadrappa SG, Herur A, Patil S, Ankad RB, Chinagudi S, Baljoshi VS, 

Khanapure S. Effect of yogic bellows on cardiovascular autonomic reactivity. 

Journal of cardiovascular disease research. 2011 Oct 1;2(4):223-7. 

[24] Robinson, B.F., Epstein, S.E., Beiser, G.D. and Braunwald, E., 1966. Control of 

heart rate by the autonomic nervous system: studies in man on the interrelation 

between baroreceptor mechanisms and exercise. Circulation Research, 19(2), 

pp.400-411. 



79 
 

[25] Di Rienzo M, Parati G, Castiglioni P, Tordi R, Mancia G, Pedotti A. Baroreflex 

effectiveness index: an additional measure of baroreflex control of heart rate in 

daily life. American Journal of Physiology-Regulatory, Integrative and 

Comparative Physiology. 2001 Mar 1;280(3):R744-51. 

[26] Hall JE. Guyton and Hall textbook of medical physiology e-Book. Elsevier 

Health Sciences; 2015 May 31. 

[27] Malliani A, Pagani M, Lombardi F. Methods for assessment of sympatho-vagal 

balance: power spectral analysis. Armonk, New York: Futura; 1994. 

[28] Anaruma, C.P., Ferreira, M., Sponton, C.H., Delbin, M.A. and Zanesco, A., 

2016. Heart rate variability and plasma biomarkers in patients with type 1 diabetes 

mellitus: Effect of a bout of aerobic exercise. Diabetes research and clinical 

practice, 111, pp.19-27. 

[29] Parati G, Saul JP, Di Rienzo M, Mancia G. Spectral analysis of blood pressure 

and heart rate variability in evaluating cardiovascular regulation: a critical 

appraisal. Hypertension. 1995 Jun 1;25(6):1276-86. 

[30] Jokkel G, Bonyhay I, Kollai M. Heart rate variability after complete autonomic 

blockade in man. Journal of the autonomic nervous system. 1995 Jan 20;51(1):85-

9. 

[31] Friedman BH, Thayer JF. Anxiety and autonomic flexibility: a cardiovascular 

approach. BiolPsychol 1998;49:303–23 

[32] Fernandes AB, Patarrao RS, Videira PA, Macedo MP. Understanding 

postprandial glucose clearance by peripheral organs: the role of the hepatic 



80 
 

parasympathetic system. Journal of neuroendocrinology. 2011 Dec 1;23(12):1288-

95. 

[33] Telles S, Naveen KV. Yoga for rehabilitation: An overview. Indian J Med 

Sciences 1997; 51:123–127.  

[34] Raju PS, Madhavi S, Prasad KV, Reddy MV, Reddy ME, Sahay BK, Murthy KJ. 

Comparison of effects of yoga and physical exercise in athletes. Indian J Med Res 

1994; 100:81–86. 

[35] Ray US, Sinha B, Tomer OS, Pathak A. Aerobic capacity & perceived exertion 

after practice of Hatha yogic exercises. Indian Journal of Medical Research. 2001 

Dec 1;114:215. 

[36] Gopal, K. S., V. Ananthraman, S. D. Nishith and O. P Bhatnagar. 'The effect of 

yogasanas on muscular tone and cardio-respiratory adjustments'. Toga life, 6 (5) : 

3-11, 1975 

[37] Nayar, H. S., R. M. Mathur, R. Sampathkumar. Effect of yogic exercises on 

human physical efficiency. Indian]. Md. Res., 1369-1376,1975. 

[38] Datey, K. K., S. N.·Deshmukh, C. P. Dalvi and and S. L. Vinekar 'Shavasan' and 

yogic exercise in the management of hypertension. Angiology Research 

Foundation, Las Vegas, 20 : 325-333, 1969. 

[39] . Founderburk,]ames. Science Studies Yoga.-A review of physiological data-

Himalayan international institute of Yoga Science and Philosophy of U.S.A., 1977 

[40] Jayasinghe SR. Yoga in cardiac health (a review). European Journal of 

Cardiovascular Prevention & Rehabilitation. 2004 Oct;11(5):369-75. 



81 
 

[41] Wenger, M. A., B. K. Bagchi and B. K. Anand. Voluntary heart and pulse 

control yoga method. International Journal ofParapsychology, 5: 1,25-41,1963. 

[42] Ray U.S. et.al. Aerobic capacity and perceived exertion after practice of yoga 

techniques. 2001 

Indian journal of medical research; 114: 215-221. 

[43] Wallace, R. K., H. Benson and A. F. Wilson. 'A wakeful hypometabolic 

physiological state.' Am. J. of Physiol. 221 (3) : 795-799, 1971. 

[44] Saraswati SN. Prana, pranayama, prana vidya. Yoga Publications Trust; 1994. 

[45] Pal GK, Velkumari S. Madanmohan, effect of short term practice of breathing 

exercises on autonomic functions in normal human volunteers. Indian J Med Res. 

2004;120(2):115-121. 

[46] Solutions N, Sales CA. Effects of Sheetali and SheetkariPranayamas on Blood 

Pressure and Autonomic Function in Hypertensive Patients. 

[47] Julius S, Majahalme S. The changing face of sympathetic overactivity in 

hypertension. Annals of medicine. 2000 Jan 1;32(5):365-70. 

[48] Lahiri MK, Kannankeril PJ, Goldberger JJ. Assessment of autonomic function in 

cardiovascular disease: physiological basis and prognostic implications. Journal of 

the American College of Cardiology. 2008 May 6;51(18):1725-33. 

[49] Tsuji H, Larson MG, Venditti FJ, Manders ES, Evans JC, Feldman CL, Levy D. 

Impact of reduced heart rate variability on risk for cardiac events: the Framingham 

Heart Study. Circulation. 1996 Dec 1;94(11):2850-5. 



82 
 

[50] Tsuji H, Venditti FJ, Manders ES, Evans JC, Larson MG, Feldman CL, Levy D. 

Reduced heart rate variability and mortality risk in an elderly cohort. The 

Framingham Heart Study. Circulation. 1994 Aug 1;90(2):878-83. 

[51] Singh JP, Larson MG, Tsuji H, Evans JC, O‘Donnell CJ, Levy D. Reduced heart 

rate variability and new-onset hypertension: insights into pathogenesis of 

hypertension: the Framingham Heart Study. Hypertension. 1998 Aug 1;32(2):293-

7. 

[52] Jurca R, Church TS, Morss GM, Jordan AN, Earnest CP. Eight weeks of 

moderate-intensity exercise training increases heart rate variability in sedentary 

postmenopausal women. American heart journal. 2004 May 1;147(5):e8-15. 

[53] Anaruma CP, Ferreira M, Sponton CH, Delbin MA, Zanesco A. Heart rate 

variability and plasma biomarkers in patients with type 1 diabetes mellitus: Effect 

of a bout of aerobic exercise. Diabetes research and clinical practice. 2016 Jan 

1;111:19-27. 

[54] Berntson GG, Thomas Bigger J, Eckberg DL, Grossman P, Kaufmann PG, Malik 

M, Nagaraja HN, Porges SW, Saul JP, Stone PH, DER MOLEN MW. Heart rate 

variability: origins, methods, and interpretive caveats. Psychophysiology. 1997 

Nov 1;34(6):623-48. 

[55] K. Maheshkumar, K. Dilara, K. N. Maruthy, L. Sundareswaren Validation of 

PC-based Sound Card with Biopac for Digitalization of ECG Recording in 

Short-term HRV Analysis.  



83 
 

[56] Stauss HM. Heart rate variability. American Journal of Physiology-Regulatory, 

Integrative and Comparative Physiology. 2003 Nov;285(5):R927-31. 

[57] Malpas SC, Maling TJ. Heart-rate variability and cardiac autonomic function in 

diabetes. Diabetes. 1990 Oct 1;39(10):1177-81.  

[58] Luczak H, Laurig W. An analysis of heart rate variability. Ergonomics. 1973 Jan 

1;16(1):85-97. 

[59] Billman GE. The LF/HF ratio does not accurately measure cardiac sympatho-

vagal balance. Frontiers in physiology. 2013 Feb 20;4:26. 

[60] Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize L, Ducimetiere P, 

Benetos A. Aortic stiffness is an independent predictor of all-cause and 

cardiovascular mortality in hypertensive patients. Hypertension. 2001 May 

1;37(5):1236-41. 

[61] Billman GE. The effect of heart rate on the heart rate variability response to 

autonomic interventions. Frontiers in physiology. 2013 Aug 26;4:222. 

[62] Prasad K. Blood pressure and its control mechanism. InTextbook of Angiology 

2000 (pp. 46-54). Springer, New York, NY. 

[63] O'brien, E., 2001. Blood pressure measurement is changing!. 

[64] Fozzard, H.A., Haber, E., Jennings, R.B. and Katz, A.M., 1986. The heart and 

cardiovascular system. 

[65] Pickering D. How to measure the pulse. Community EyEHEaltH Journal. 

2013;26(82):37. 

[66] "Pulse Rate Measurement". Healthwise. WebMD. Retrieved 14 March 2011. 

http://www.webmd.com/heart-disease/pulse-measurement


84 
 

[67] Malliani A, Pagani M, Lombardi F, Cerutti S. Cardiovascular neural regulation 

explored in the frequency domain. Circulation 1991;84:482-92. 

[68] McCall T. Yoga as Medicine: The Yogic Prescription for Health and Living. 

1
st
 ed. New York: Bantam Publishers; 2007. 

[69] Majercak I. The use of heart rate variability in cardiology. BratislLekListy 

2002;103:368-77. 

[70] Raghuraj P, Ramakrishnan AG, Nagendra HR, Telles S. Effect of two selected yogic 

breathing techniques on heart rate variability. Indian J Physiol Pharmacol. 1998;42:467–

72.  

[71] Muralikrishnan K, Balakrishnan B, Balasubramanian K, Visnegarawla F. 

Measurement of the effect of Isha Yoga on cardiac autonomic nervous system 

using short-term heart rate variability. J Ayurveda Integr Med 2012;3:91-6.   

 

 

 

 

 

 

 

 

 

 



85 
 

10.0 ANNEXURE 

 

10.1 INFORMED CONSENT FORM 

 

Title of the study: “Impact of sheetali pranayama on autonomic function and 

cardiovascular parameters in healthy volunteers” 

 

Name of the Participant :  

Name of the Principal Investigator : Dr.K.Ramya 

Name of the Institution : Government Yoga & Naturopathy Medical  

College&Hospital,Chennai – 600 106 

 

 

Documentation of the informed consent 

 

I _____________________________ have read the information in this form (or it has 

been read to me). I was free to ask any questions and they have been answered. I am over 

18 years of age and, exercising my free power of choice, hereby give my consent to be 

included as a participant in 
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1. I have read and understood this consent form and the information provided to me. 

2. I have had the consent document explained to me. 

3. I have been explained about the nature of the study. 

4. I have been explained about my rights and responsibilities by the investigator. 

5. I have been informed the investigator of all the treatments I am taking or have taken in 

the past ________ months including any native (alternative) treatment. 

6. I have been advised about the risks associated with my participation in this study. 

7. I agree to cooperate with the investigator and I will inform him/her immediately if I 

suffer unusual symptoms.  

8. I have not participated in any research study within the past _________month(s).  

9. I am aware of the fact that I can opt out of the study at any time without having to give 

any reason and this will not affect my future treatment in this hospital.  

10. I am also aware that the investigator may terminate my participation in the study at 

any time, for any reason, without my consent.  

12. I hereby give permission to the investigators to release the information obtained from 

me as result of participation in this study to the sponsors, regulatory authorities, Govt. 

agencies, and IEC. I understand that they are publicly presented. 
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13. I have understood that my identity will be kept confidential if my data are publicly 

presented. 

14. I have had my questions answered to my satisfaction. 

15. I have decided to be in the research study. 

 

I am aware that if I have any question during this study, I should contact the investigator. 

By signing this consent form I attest that the information given in this document has been 

clearly explained to me and understood by me, I will be given a copy of this consent 

document. 

 

For adult participants: 

 

Name and signature / thumb impression of the participant (or legal representative if 

participant incompetent) 

 

Name _________________________ Signature_________________  

 

Date________________ 
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Name and Signature of impartial witness (required for illiterate patients): 

 

Name _________________________ Signature_________________  

 

Date________________ 

 

Address and contact number of the impartial witness: 

 

Name and Signature of the investigator or his representative obtaining consent: 

 

Name _________________________ Signature_________________  

 

Date________________ 

 


