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ABSTRACT 

Background and Objective  

Medical students are exposed to various stresses in medical college like demanding 

medical education and different teaching protocols. Yoga is an ancient science 

established in India, which gives the practitioner not only a healthy body but also a 

sound mind. Regular practice of yoga is reported to improve cardiovascular fitness. 

Heart rate variability (HRV) is a simple noninvasive tool to assess the cardiac 

autonomic function. 

The present study is taken up with the following objectives. 

 To assess the anxiety and stress levels in first year medical students. 

 To study the effect of one month of integrated yoga intervention on anxiety, 

stress and heart rate variability. 

Material and Methods 

Spielberger state-trait anxiety inventory (STAI) questionnaire and perceived stress 

scale (PSS) were administered to 150 first year medical students. 60 students were 

included in the study based on inclusion criteria after obtaining informed consent. 

Their STAI and PSS scores were used as baseline in addition, heart rate variability 

was assessed by using HRV device (AD Instruments).30 students those who were 

volunteered to practice yoga for a month were included in the study group rest were in 

control group. Study group intervened with Yoga intervention which comprises of 

Loosening exercises, Suryanamaskara, Instant Relaxation Technique (IRT), 

Kapahalabhati- 3 rounds, Nadisuddi pranayama and Deep Relaxation Technique 

(DRT) were performed for 45 mins/5 days/ week duration for one month under the 

guidance of a certified yoga instructor. Post interventional assessment of anxiety, 
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stress and HRV was done. Appropriate statistical analysis were done using SPSS 

software package version 16. 

Results 

The mean age of the subjects were 18.05 ± 0.21years. There was significant decrease 

in anxiety with yoga intervention. Analysis of heart rate variability revealed that 

SDNN was significantly higher after practice of yoga. Parasympathetic markers such 

as RMSSD was significantly higher after intervention. In the frequency domain 

parameters the LF power spectrum and LF/HF ratio were significantly reduced after 

one month practice of yoga.  

Conclusion  

Integrated Yoga intervention in first year medical students when compared to controls 

showed significant decrease in state anxiety, perceived stress and improved heart rate 

variability with a shift towards parasympathetic dominance. However, trait anxiety 

not showed significant improvement.  

 

Key words: Yoga, Anxiety, Stress, Heart Rate Variability, Medical Student 
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INTRODUCTION 
 
Stress can be defined generally as responses to demands upon the body.1 It is the 

body's reaction to a change that requires a physical, mental, or emotional 

adjustment or response.2 Stressor is a stimulus, either internal or external, that 

activates the hypothalamic pituitary adrenal (HPA) axis and the sympathetic 

nervous system resulting in physiological change.3Long-term exposure to 

stressors can cause depression, post-traumatic stress disorder and anxiety 

disorders. Stress either physical or mental leads to cardiovascular morbidity.4 

First year medical students are likely to be exposed to various stresses like demanding 

medical education and different teaching protocol in a medical college.5 Previous 

studies have shown fairly high levels of distress, such as symptoms of depression and 

even suicide thoughts among medical undergraduates.6,7,8 This emotional distress on 

medical students results in deteriorating performance in class-room. Further, stress-

induced disorders have also been linked to forthcoming health problems.5 Academic 

examinations clearly increase levels of anxiety and emotional distress, promote 

diverse endocrine alterations including catecholamine, thyroid, and glucocorticoid 

effects.9  

Anxiety leads to autonomic imbalance with accentuated sympathetic activation 

often leading to cardiac dysfunction resulting in decrease in heart rate variability. 

The decrease in heart rate variability is a potential risk factor for hypertension and 

atherogenesis which progress to coronary artery disease and a clinical predictor of 

mortality due to cardiac causes.10,11 

 HRV is the temporal variation in consecutive heart beats measured from a standard 

electrocardiogram (ECG) and the assessment of this difference is performed in time 

domain and frequency domain. These parameters are used to assess cardiac autonomic 

balance or the balance between sympathetic and parasympathetic mediators of heart.12 
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Decreased HRV means that there is a sympatho-vagal imbalance with a tilt towards 

sympathetic predominance or a reduction parasympathetic activity.  

Stress management is required for medical students to decrease depression and 

anxiety, and to improve sensitivity toward themselves, peers, and parents. Yoga is an 

ancient science established in India which gives the practitioner not only a healthy 

body but also a sound mind and has shown to have effects on most physiological 

systems of the body.13,5 It is known to modulate autonomic output and helps achieve 

and maintain autonomic balance between two components (sympathetic and 

parasympathetic) of autonomic nervous system and stress.14 

This study is designed to demonstrate the presence of stress in first year medical 

students and associated with altered heart variability, and the role of yoga as an 

effective intervention to reduce anxiety, perceived stress and improve HRV. 
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OBJECTIVES 

 

The present study has been undertaken with following objectives. 

 To assess the anxiety and stress in first year medical students. 

 To study the effect of integrated yoga intervention on anxiety, stress and heart 

rate variability. 
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REVIEW OF LITERATURE 

 

3.1 STRESS 

Stress has been defined as “any change in the environment that changes or threatens 

to change an existing optimal steady state”.15Though this concept dates back to 

ancient Greek history its role in pathophysiology of specific illness like anxiety, 

depression and chronic inflammatory diseases are more recent. 

3.1.1 Physiology of stress 

The stress system that respond to stressors of any kind has central control stations 

located in the hypothalamus and the brain stem. They include the parvocellular 

corticotropin-releasing hormone (CRH) , arginine – vasopressin (AVP) neurons of the 

paraventricular nuclei (PVN) of the hypothalamus and the locus ceruleus (LC)–

norepinephrine system (central sympathetic system) and underactivity of the gamma 

amino-butyric acid (GABA) system, the primary inhibitory neurotransmitter .These 

systems interact with several other transmitter systems in the brain and directly 

activate the hypothalamic-pituitary-adrenal (HPA) axis and the three components of 

the autonomic nervous system, namely the sympatho-adrenal, the cranio-sacral 

parasympathetic and the enteric nervous systems. 

During acute stress, the amplitude and synchronization of the CRH and AVP 

pulsations in the hypophyseal portal system markedly increases, resulting in increases 

of ACTH and cortisol secretory episodes . CRH and CRH receptors were found in 

many sites in the brain outside of the hypothalamus, including parts of the limbic 

system and the central arousal sympathetic systems (LC/NE) in the brain stem and 

spinal cord . Stress is a potent general activator of CRH release from the 
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hypothalamus and extra hypothalamic sites. The mechanisms via which stress 

stimulates CRH neurons are unclear. Whether CRH or another transmitter (e.g., NE) 

is upstream in eliciting the neurocircuitry of stress remains to be determined. CRH-

binding sites are also found in various peripheral tissues, such as the adrenal medulla, 

heart, prostate, gut, liver, kidney and testes. CRH binding stimulates the intracellular 

accumulation of cAMP. Depending on the type of stress, other factors such as AVP of 

magnocellular neuron origin, angiotensin II and various cytokines and lipid mediators 

of inflammation are secreted and act on hypothalamic, pituitary or adrenal 

components of the HPA axis, potentiating its activity. The locus ceruleus and other 

noradrenergic cell groups of the medulla and pons are collectively known as the 

LC/NE system. Brain epinephrine serves globally as an alarm system that decreases 

neuro vegetative functions, such as eating and sleeping and that contributes to 

accompanying increases in autonomic and neuroendocrine responses to stress 

including HPA axis activation. NE also activates the amygdala, the principal brain 

locus for fear-related behaviors, and enhances the long-term storage of aversively 

charged emotional memories in sites such as the hippocampus and striatum (fig 1).16 

 

 

 

 

 

 



6 
 

 

Fig. 1. A simplified schematic representation of the central and peripheral components of the 

stress system, their functional interrelations and their relations to other central systems involved 

in the stress response. 
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3.1.2 Stress in medical students 

Medical education is believed to be highly stressful. Students in the medical school 

are admitted after a stringent entrance examination and they find themselves in 

unfamiliar grounds in academic and non-academic fields. Most Indian medical 

students move from the security of home to hostel for the first time. They find 

themselves in new surroundings with lack of familiar social support and are further 

under tremendous parental expectations.5As far as academic goes they are 

overwhelmed by the vastness of curriculum, unfamiliar teaching learning practices 

and inability to cope up with frequent tests and assignments, most of which are 

compounded with  lack of time and sleep. Previous studies have shown high levels of 

distress and even symptoms of depression and suicidal thoughts among medical 

undergraduates.7,8,9 This emotional distress in medical students results in deteriorating 

performance in class-room which further aggravates anxiety.17 Many students use 

alcohol and drugs to help cope with stress which further deteriorates social health and 

academic performance. Examination stress has consistently shown to cause changes 

in catecholamine levels, whereas the changes in cortisol and Adrenocorticotropic 

Hormone (ACTH) were somewhat contradictory, with some studies showing an 

increase and others showing no relation. International studies have indicated a high 

prevalence of depression and a lack of coping with stress in medical students.52,53,54 

3.2 AUTONOMIC NERVOUS SYSTEM 

Anatomically and functionally, the autonomic nervous system is divided into the 

sympathetic and the parasympathetic divisions (fig.2).Sympathetic neurons arise from 

thoraco-lumbar and parasympathetic neurons arise from cranio-sacral regions. 

Physiological functions of preganglionic sympathetic and parasympathetic neurons 

are mediated through acetylcholine. Postganglionic neurotransmitters are 
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norepinephrine and acetylcholine in sympathetic and parasympathetic neurons 

respectively. Circulatory homeostasis of the organism is regulated by autonomic 

nervous system mediated through sympathetic and parasympathetic neurons 

innervating the heart. Afferent nerve fibers convey mechanosensory and 

chemosensory inputs to the integration centers located in medulla. The efferent fibers 

from medulla in turn innervate heart and blood vessels. The medullary centers also 

receive input from higher brain centers like frontal cortex, limbic system and 

hypothalamus. These are important for influencing cardiovascular responses to 

emotion, stress and exercise.  

3.2.1 Autonomic control of the heart 

Heart is innervated by postganglionic sympathetic neurons arising from the right, left 

stellate ganglia and the caudal halves of the cervical sympathetic trunks ( fig:3) 

Anterior region and infero-posterior region of heart is innervated by sympathetic 

neurons arising from the right stellate ganglia and left stellate ganglia respectively.33 

Parasympathetic innervation of the heart is through vagus nerve. There are differences 

in the intrinsic distribution of cardiac autonomic neurons. The atria are more densely 

innervated than the ventricles and the basal areas of the ventricles are more densely 

innervated than the apical areas. Atria have more parasympathetic than sympathetic 

nerve fibers whereas ventricles have more sympathetic and sparse parasympathetic 

innervation. Sympathetic innervation is denser in the anterior as compared with the 

posterior parts of the ventricles. Epicardium is predominantly supplied by sympathetic 

and endocardium by parasympathetic neurons.34 

Cardiac automaticity is mainly due to intrinsic pacemaker properties of different 

cardiac tissues. This intrinsic rhythm is largely modulated by ANS. Interplay between 

sympathetic and parasympathetic outflow helps in neural regulation of the heart. The 
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sympathetic system enhances automaticity, whereas the parasympathetic system 

inhibits it. Sympathetic stimulation on cardiac pacemaker cells cause chronotropic 

effects by increasing the rate of pacemaker depolarization. Parasympathetic 

stimulation of the cardiac pacemaker cells cause hyperpolarization and reduce the rate 

of depolarization.35 

 

 

Fig. 2: Autonomic nervous system 
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Fig. 3: Innervation of heart 

 

 

 

 

 



11 
 

3.3 Heart rate variability (HRV) 

Heart rate variability is defined as oscillation in consecutive cardiac cycles and is 

predominantly dependent on the extrinsic regulation of the heart rate. Cycle length 

variability, heart period variability, RR variability, RR interval tachogram are few 

synonyms of HRV. The normal average heart rate is about 75 beats/ min and the 

duration of normal cardiac cycle is 800 ms. But heart rate is not constant as the 

duration of cardiac cycle varies from beat to beat. This has led to conceptualization of 

instantaneous heart rate which is the extrapolation of heart rate from each cardiac 

cycle. The normal variability in heart rate is due to autonomic neural regulation of the 

heart and the circulatory system. Balance between sympathetic nervous system (SNS) 

and parasympathetic nervous system, (PNS), divisions of the ANS control the heart 

rate.  

The variability in the heart rate is due to the action of balance and synergy between 

the two branches of the autonomic system, which is mainly enforced through neural, 

mechanical, humoral and other physiological mechanisms. It maintains cardiovascular 

parameters in their most favorable ranges and permits suitable reactions to change in 

external or internal stimuli.20 This balance between the effect of the SNS and the PNS 

is known as the sympathovagal balance and is believed to be echoed in the beat-to-

beat changes of the cardiac cycle.21                             

         Vagal stimulation on the cardiac pacemaker cells causes hyperpolarisation and 

reduces the rate of depolarization whereas sympathetic stimulation causes 

chronotropic effects by increasing the rate of pacemaker depolarisation. The SAN 

responds to vagal activity within one or two heart beats but its overall effects are 

relatively short lived. Vagal induced changes in heart rate typically occur within 5 s 

whereas cardiac responses to SNS regulation occur more slowly with initial response 
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delays of up to 5 s, followed by a progressive change and a maximum response after 

20 to 30 s. These differences in response times are due in part to the relatively slow 

exocytotic release of noradrenaline from sympathetic nerve terminal through which 

the SNS regulates cardiac activity. Also, unlike PNS acetylcholine mechanisms, a 

secondary messenger (adenylyl cyclase) is involved in SNS regulation which further 

slows the process. Ach released from the postganglionic parasympathetic terminal 

binds to the muscarinic cholinergic receptor and activates transmembrane potassium 

channel and hence reduces HR.  Other anatomical disparities between the autonomic 

branches may also contribute to the slower response rate associated with SNS 

regulation. For instance, the preganglionic cell bodies of the PNS neurons are located 

within the heart itself, whereas those of the sympathetic neurons are comparatively 

isolated in the paravertebral ganglia. Furthermore, preganglionic fibres are also 

myelinated contributing to faster electrical transmission of vagal regulatory signals 

compared to transmission rates in unmyelinated SNS fibres.22 Thus, increased HRV 

shows parasympathetic dominance and reduced HRV indicates sympathetic 

dominance of the heart.  Hence, HRV analyses the tonic baseline autonomic function. 

In a normal heart with an intact ANS, there will be continuous physiological 

variations of the sinus cycles reflecting a balanced sympthovagal state and normal 

HRV. The changes in activity in the afferent and efferent fibers of the ANS and in the 

local neural regulation will contribute to the resulting sympathovagal imbalance, 

reflected by changes in HRV. 

3.3.1 Analysis of heart rate variability 

Analysis of HRV is used as a tool to assess overall cardiac health and the state of 

ANS responsible for regulating cardiac activity. HRV can be analyzed based on the 

short and long term recordings of ECG. Short-term HRV is derived from recording 
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ECG for 5-minutes. Long-term HRV, derived from 24-hour ECG recordings (Holter 

recording of ECG). In both short-term and long-term recordings of HRV, time domain 

and frequency domain analysis can be performed.The standard values of HRV 

parameters are calculated using 24 hour Holter recording for time domain parameters 

and 5 minutes recording of ECG for frequency domain parameters.23 Short term HRV 

assessment is useful in evaluating the influence of any intervention.  

3.3.2 Methods to evaluate time domain parameters 

There are number of methods to evaluate variations in HR. Simplest of them are the 

time domain measures. Using these methods, the intervals between successive normal 

complexes or the HR at any given time can be determined. In a continuous ECG 

recording, each QRS complex is identified by complex exceeding the pre-determined 

amplitude. Then normal-to-normal (NN) intervals (intervals between consecutive 

QRS complexes resulting from sinus node depolarization), or the instantaneous HR is 

determined. Time domain variables that can be calculated are the mean NN interval, 

the mean heart rate, the difference between the longest and shortest NN interval, the 

difference between heart rate during night and day.  

Two classes of complex statistical time domain measures can be calculated using 

instantaneous HR or cycle intervals. (a) those derived from direct measurements of 

NN intervals or instantaneous heart rate, and (b) those derived from the differences 

between NN intervals. These variables may be derived from analysis of total 

electrocardiographic recording or may be calculated using smaller segments of the 

recording period. The segmental analysis allows comparison of HRV to be made 

during various activities, like rest, sleep. 

 The simplest variable to calculate is the standard deviation of the NN interval 

(SDNN), i.e. the square root of variance. Since variance is mathematically equal to 
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total power of spectral analysis, SDNN is a marker of overall variability of the heart 

and reflects the range of fluctuation in the duration of cardiac cycle. SDNN calculated 

over a 24 hour period reveals resultant variation of both high frequency and low 

frequency components. As the period of monitoring decreases, SDNN estimates 

shorter cycle lengths. The total variance of HRV increases with the length of analysed 

recording. Hence SDNN is not a well-defined statistical entity in an arbitrary 

recording of ECG. Thus, in practice, it is inappropriate to compare SDNN measures 

obtained from recordings of different durations as it depends on the length of 

recording period. 

The measures derived from interval differences include RMSSD, the square root of 

the mean squared differences of successive NN 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. All these 

measurements estimate high frequency variations in heart rate and thus are markers of 

parasympathetic activity. 

3.3.3 Frequency domain methods 

Various spectral methods for the analysis of the tachogram have been applied since 

the late 1960s. Power spectral density (PSD) analysis provides the basic information 

about distribution of power (i.e. variance) as a function of frequency. Fast Fourier 

Transform— FFT, a non-parametric mathematical algorithm is usually employed to 

estimate the true PSD of the signals. Non parametric methods are relatively simple, 

and have high processing speed. Parametric methods yield smoother spectral 

components, which can be distinguished independent of preselected frequency bands. 

It helps in easy post-processing of the spectrum with an automatic calculation of low 

and high frequency power components, identification of the central frequency of each 
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component. They also provide an accurate estimate of PSD on a small number of 

samples on which the signal is maintained stationary. Disadvantage of parametric 

methods is the need to verify the suitability of the chosen model and its complexity. 

3.3.4 Spectral components  

In the short-term recording, three main spectral components are identified. They are 

very low frequency (VLF), low frequency (LF), and high frequency (HF) 

components. The distribution of the power, the central frequency of LF and HF are 

not fixed but may vary in relation to changes in autonomic modulations of the heart 

rate. The physiological basis for VLF is non-neuronal components affecting the cardio 

like Renin-angiotensin system, thermoregulatory mechanism and other local 

hormonal factors. Measurement of VLF, LF and HF power components are usually 

expressed in absolute values power of millisecond2 (ms2). Their values are expressed 

in power percentage to evaluate the influence of both neuronal and non-neuronal 

factors affecting the heart. LF and HF may also be measured in normalized units 

(n.u.) which represent the relative value of each power component in proportion to the 

total power minus the VLF component. The representation of LF and HF in n.u. 

emphasizes the effect of neuronal component alone from two division of the 

autonomic nervous system.  

In long-term recordings, spectral analysis is used to determine the sequence of NN 

intervals in the entire period of 24-hours. The result includes an ultra-low frequency 

component (ULF) in addition to VLF, LF and HF components. Power spectral density 

(PSD) analysis provides the basic information about the distribution of power as a 

function of frequency. An estimate of true PSD of the signals can be obtained by 

proper mathematical algorithms independent of duration of recording. 
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3.3.5 Geometrical methods 

The NN intervals can also be converted into a geometric pattern, such as the sample 

density distribution of NN interval durations, sample density distribution of 

differences between consecutive NN intervals, Lorenz plot of NN or RR intervals. A 

formula is used to assess the variability based on the geometric and/or graphic 

properties of the resulting pattern. 

 

REPRESENTATION OF THE CIRCUIT INVOLVED IN HRV RECORDING2 
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3.3.6 Factors affecting HRV 

Physiological factors modulate activity of sympathetic and parasympathetic system 

acting through central and peripheral receptors. This is demonstrated by a decrease in 

HR with expiration and increase with inspiration (respiratory sinus arrhythmia). These 

effects are apparent on the HF power spectrum. Circadian alterations in HRV are 

observed in normal subjects, with higher LF power spectrum in the daytime and 

higher HF power spectrum during night.39 Exercise and standing increase sympathetic 

drive and LF power spectrum. Conversely, stimulation by cooling the face increases 

parasympathetic drive and HF Power spectrum.40 Physiological factors influencing 

HRV are age, BMI, sleep patterns and circadian rhythm. Diseases like hypertension, 

coronary artery disease, diabetes mellitus, asthma and diseases affecting the 

autonomic regulation also influence HRV. 

3.3.7 Effect of stress on HRV 

Stressors are often associated with an increase in sympathetic cardiac control, a 

decrease in parasympathetic control, or both. Stressors increases heart rate, time 

domain parameters SDNN and RMSSD. It increases frequency domain parameters 

like LF power spectrum,LF/HF spectrum and decrease HF spectrum. 41 

3.4 YOGA 

Yoga is a science of ancient civilization which throws light upon healthy way of 

living.18 Yoga works on various aspects of physical, mental, emotional, psychological 

and spiritual health of an individual. Swami Satyananda Saraswathi describes yoga as 

a valuable inheritance. It’s not an ancient myth but is an essential need for culture of 

today and tomorrow. In spiritual terms yoga is described as union of individual and 

universal consciousness, where as in practical application it aids in balancing and 

harmonizing body, mind and emotions. It is one of the six orthodox systems of Indian 
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philosophy. It was collated, co-ordinated and systematized by saint Patanjali in his 

work Yoga Sutras.24 He describes it as a way of merging human spirit (Jivathma) with 

universal spirit (Paramathma). Yoga as described by saint Patanjali has eight limbs, 

yama, niyama, asana, pranayama, prathyahara, dharana, dhyana and samadhi. 

Maximum benefits of yoga can be reaped on practice of these aspects. 18,25 

Yoga begins to work on the outermost aspect of the personality, the physical body, 

which for most people is a practical and familiar starting point. When imbalance is 

experienced at this level, the organs, muscle and nerves no longer function in 

harmony, rather they act in opposition to each other. Yoga is directed at bringing 

different bodily functions into perfect coordination and maintaining it to achieve good 

health. It also acts at mental and emotional level aiding to achieve integration, 

harmony between thought, feeling and deeds. It helps in developing awareness of 

interrelationship between emotional, mental, physical levels and how a disturbance in 

one can affect the others. Yoga may not provide a cure for illness but it is a proven 

method in coping with it.In present scenario, it’s important to establish an authentic 

scientific basis for the claims of yoga, as it can be complementary to the present 

discipline of preventive and therapeutic medicine.  

In recent days, many schools of yoga have emerged based on Patanjali ashtanga yoga  

like Hatha yoga, BKS Iyenger school of yoga, power yoga, Bihar school of yoga, to 

name a few. The most common aspects of yoga practiced in western world are 

physical postures and breathing techniques of Hatha yoga and meditation.26 Hatha 

yoga enhances the capacity of the physical body through the use of a series of asanas 

and pranayama. The pranayama of Hatha yoga focuses on conscious prolongation of 

inhalation, breath retention, and exhalation. This is achieved through the unification 

of the physical body, breath, and concentration, while performing the postures. It 
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emphasizes that upon unification, blockages in the energy channels of the body are 

cleared and the body energy system becomes more balanced.  

The Iyengar method of yoga is based on the teachings of the yoga master B.K.S. 

Iyengar. Iyengar yoga emphasizes on physical postures to develop strength, stability, 

stamina, concentration and body alignment. It promotes the use of props (additional 

aids like rope, pillow and chair) for adjusting the postures during practice. 

The practice of pranayama is claimed to clear “blockages� from these channels and 

thus achieve better flow of vital energy and improved health Pranayama is considered 

by core ancient and contemporary yoga texts an important tool for improving health, 

preventing and curing diseases and also for facilitating concentration and calming the 

mind as an essential foundation practice for higher spiritual practice, as in pranayama 

practice the breath and the mind are closely interlinked.36  

Deep relaxation technique emphasizes on part by part relaxation of whole body. It 

works at all level ie physical, mental, emotional, intellectual and spiritual levels. It is 

the relaxation technique where one relaxes the whole body, part by part by directing 

the attention of the mind on different parts of the body, starting from toes and ending 

with the head. A feeling of relaxation is propagated. 

Surya namaskara is integral part of yoga practice and consists of a sequence of 

movements synchronized with deep breathing. Surya Namaskara is a series of 12 

physical postures made up of a variety of forward and backward bends.
20 

The series of 

movements stretch the spinal column and upper and lower body through their full 

range of motion, massaging, toning and stimulating vital organs by alternately flexing 

the body forwards and backwards.
19

It builds upper body strength through the inherent 

weight bearing positions, especially in the arms and shoulders, throughout the series.20 

The simulated push-up movement and upper body weight bearing positions in the 
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series may help to develop muscular strength and endurance in the pectoral, triceps, as 

well as the muscles of the trunk. 
20,35 

The series gives such a profound stretch to the 

body that it is considered to be a complete yoga practice by itself. 
21

 

3.4.1 Role of Yoga in stress and anxiety 
 
Stress, anxiety and depression may have a significant negative impact on quality of 

life. Several studies have shown yoga practice may alleviate stress, anxiety and 

depression pointing to a possible mechanism by which yoga practice may improve 

sleep quality in individuals suffering from stress, anxiety or depression and comorbid 

sleep disturbance. 

A study of an Iyengar yoga intervention for stress reduction in 24 self-referred 

females found that two weekly classes over a period of three months led to significant 

improvements on self-reported measures of stress, psychological and physical well-

being outcomes. Salivary cortisol hormone was found to decrease significantly after 

participating in a yoga class demonstrating decreased stress in these individuals.37  

In a study where Iyengar yoga intervention was compared to walking intervention for 

60 minutes three times a week for 12 weeks in metabolically matched subjects , there 

was improvement in mood and anxiety measure and a nearly significant (p=.09) 

increase in acute thalamic GABA levels in the yoga group. There was a positive 

correlation between improved mood and decreased anxiety and thalamic GABA 

levels. The researchers suggest a possible role of GABA in mediating the beneficial 

effects of yoga on mood and anxiety as pharmacologic drugs prescribed to improve 

mood and decrease anxiety also stimulate GABA production .38Regular practice of 

yoga is known to elevate mood and relieve the stress by increasing serotonin levels. It 

reduces monoamine oxidase which breaks down serotonin, thus maintaining serotonin 

for longer duration in the brain.46 Further,  fMRI showed increase activity in the 
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prefrontal lobe that correlated with better temperament and outlook that helps in 

reducing stress.63 It is believed that practice of yoga helps to achieve emotional 

balance, inhibits the areas in amygdala responsible for fear, aggression and rage. It 

stimulates the reward or pleasure centers in the median forebrain and other areas 

leading to a state of bliss and pleasure. This in turn lowers anxiety, respiratory rate, 

heart rate and blood pressure.46,47,48,49,50 

3.4.2 Role of yoga on cardiovascular system 

Yoga has been demonstrated to be a complementary or non -pharmacological tool to 

control blood pressure in hypertensive patients.27 Madanmohan et.al showed that 2 

months of yoga training significantly decreased basal heart rate and blood pressure.28 

Ray et al reported reduction in diastolic blood pressure with practice of yoga.29 Yoga 

training improves physical fitness measured by Harvard step test indicating increase 

in cardiac recovery index.30 and yoga has been reported to reduce the risk factors 

related to insulin resistance syndrome for cardiovascular disease.31 Comprehensive 

lifestyle modifications brought about through practice of yoga has reduced the effect 

of atherosclerosis in a year.32 Yoga is reported to have aided in the management and 

has shown improvement in clinical outcomes of cardiovascular disease and insulin 

resistance syndrome. Beneficial changes have been noted in glucose tolerance, lipid 

profile, oxidative stress, sympathetic activation and cardiovagal function of an 

individual.31 Yoga based lifestyle modifications have shown a regression of coronary 

lesions as well as improve the myocardial perfusion in patients with coronary artery 

disease.32 

A number of studies have been done to demonstrate the effect of yoga on HRV. 

Muralikrishnan K et al demonstrated significant improvement in time domain 

parameters SDNN, and PNN50. Frequency domain parameters showed a fall in LF 
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power spectrum and rise in HF spectrum in people practicing yoga for 8 weeks 

suggestive of improvement in parasympathetic tone.42 Eight week Hatha yoga 

program showed a significant increase in time and frequency domain parasympathetic 

marker PNN50 and HF power spectrum respectively.43 Decrease in LF/HF ratio has 

been demonstrated by Papp ME et  an indicator of parasympathetic dominance. 

Sympathetic activation demonstrated by increase in LF power spectrum during 

practice of yoga. LF power and LF/HF ratio reduced with increase in HF power after 

the practice.44 Sarang P et.al demonstrated that sympathetic activation occurred due to 

postures assumed during phases of cyclic meditation. Parasympathetic dominance 

increased after cyclic meditation. Satyapriya M et.al reported decrease in LF power 

and LF/HF ratio but no alteration in HF power spectrum in healthy pregnant women. 

Yoga was reported to be beneficial in reducing perceived stress and improving 

adaptive response of autonomic nervous system in healthy pregnant women.45 

Decreased LF/HF ratio (low frequency/high frequency) after yoga indicates transition 

from sympathetic to parasympathetic dominance.  
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MATERIALS AND METHODS 

4.1 Source of data 

The subjects were first M.B.B.S students volunteers staying in hostel /campus from 

Sri Devaraj Urs medical college, Tamaka, Kolar.  

4.2 Sample size calculation  

              n= 2  σ2  (Z1-α +Z1-β ) 

                       ( M1- M2 ) 

• Sample size was determined considering, 

• SD of LF in yoga group 12.88, 

• SD of LF at base line 13.5, 

• Estimated difference in mean 10.24, 

• Desired confidence interval 99%, 

• Required sample size 27 in each group, 

• Hence, 30 subjects will be recruited in each group. 

4.3 Sample size 

• Sample size was 60 consisting of males and females. 

The protocol was approved by ethical committee of the Institute. Pretested and 

prevalidated Spielberger state-trait anxiety inventory (STAI) questionnaire and 

perceived stress scale were administered to all 150 first year medical students and 

they were recruited based on the following inclusion and exclusion criteria. 

4.4.1 INCLUSION CRITERIA 

 First year medical students of age group 18 to 20 years. 

 Spielberger state-trait anxiety inventory (STAI) score above 40 and Perceived 

stress scale (PSS) score 13 and above. 
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4.4.2 EXCLUSION CRITERIA: 

    Students who were 

 Practicing any known stress relieving or relaxation technique. 

 On any drugs which affect the autonomic nervous system like 

anticholinergic,sympathomimetic,sympatholytic and beverages like caffeine. 

 Having any major illness which is known to affect the autonomic nervous 

system. 

4.5 Study protocol: 

The group of students thus selected was briefed about the study and informed consent 

was taken. Then heart rate variability was recorded as baseline parameters. 

Those students who have volunteered for yoga intervention were assigned to the study 

group (30) and control group (30).  

4.6 State-Trait Anxiety Inventory 

The state trait anxiety inventory for adults (STAI-A) is the questionnaire for 

measuring anxiety in adults. It measures both state anxiety and trait anxiety. The 

STAI has forty questions with four responses to each.The questionnaire were scored 

by adding the weighted (1 to 4) scores of each item, using the directions and scoring 

key provided in the Manual for State-Trait Inventory (Form Y). The scores could vary 

from a minimum of 20 to a maximum of 80.  

4.7 Perceived stress score: 

The PSS-10 measures the psychological stress over the previous week with a 5-point 

Likert scale (0 = “never”, 1 = “almost never”, 2 = “sometimes”, 3 = “fairly often”, 

4 = “very often”). PSS-10 scores are obtained by reversing the responses (e.g., 0 = 4, 1 

= 3, 2 = 2, 3 = 1, and 4 = 0) to the 4 positively stated items (items 4, 5, 7, and 8) and 

then summing across all scale items. The scores range from 0–40, with higher scores 
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indicating greater stress. Scores around 13 are considered average. Scores of 20 or 

higher are considered high stress. 

4.8 Heart Rate Variability: 

HRV was performed in a quiet room and participants were advised to abstain from 

caffeinated food and beverages on the day of their assessments. They were instructed 

to close the eyes,avoid talking, moving of hands, legs and body, coughing and 

sleeping during the test. After 15 minutes of supine rest with a regular and calm 

breathing pattern, a continuous 5-minute ECG recording was collected using HRV 

software (AD INSTRUMENT) and following parameters was analyzed using HRV 

software. 
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SL 

No. 

 

HEART RATE VARIABILITY PARAMETRES 

 TIME 

DOMAIN 

 

1 MEAN HR Mean heart rate 

2 SDNN Standard deviation of Normal to Normal RR interval, SDNN 

reflects all the cyclical components responsible for variability 

in the period of recording. 

3 RMSSD It is square root of the mean squared difference of successive 

Normal to Normal RR interval 

 FREQUENCY 

DOMAIN 

 

4 Low Frequency 

(LF) 

Normal range is (0.04-0.15 Hz) is influenced by both 

parasympathetic and sympathetic activity. 

 

5 High 

Frequency 

(HF) 

Normal range is (0.15-0.4 Hz) influenced by parasympathetic 

data 

 

6 LF/HF 

 

Is influenced by both parasympathetic and sympathetic 

activity 

 

Students who volunteered for yoga were given a yoga intervention for 1 month, 

45mins/day for 5 days/week. Details of which are given below: 
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Sl. No Integrated Yoga Practices Time (Minutes) 

1 Loosening exercises  8 

2 Suryanamaskara 12 steps  15 

3 Instant Relaxation Technique (IRT)  2 

4 Kapahalabhati- 3 rounds  5 

5 Nadisuddi pranayama 5 

6 Deep Relaxation Technique (DRT) 10 

7 Total 45 

 

Daily monitoring was done and at the end of one month, again Spielberger state-trait 

anxiety inventory (STAI) questionnaire and perceived stress scale were evaluated and 

heart rate variability was recorded in both the groups.  
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STATISTICAL ANALYSIS 

 

Data analysis was carried out by using Statistical Package for Social Science (SPSS 

Software, Version 16) package. The data following normal distribution was expressed 

as averaged (mean + standard deviation). The level of significance was fixed at  

p < 0.05 . 

 

1. Paired t test was used to determine the statistical difference in pre and post 

intervention. 

2. Independent t test was used to determine the statistical difference between 

control and yoga group after intervention. 
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HRV data acquisition and analysis system 
 
 

 

 

Data sheet 
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Recording in progress 
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Final Report Generated by HRV machine 

 

 

 

Students performing loosening exercise 
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Students performing Kapahalabhati 

 

 

 

 

 

Students performing Nadisuddi pranayama 
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RESULTS 

Table 1: Anthropometric parameters of the subjects 
 

Anthropometric  measurements Mean ±Standard deviation 

Age (in years) 18.05 ± 0.21 

Height (in meters ) 2.68 ± 0.41 

Weight (in kg) 60.15 ± 12.40 

 

Table 1 shows the age in yrs, height in meters, weight in Kg were comparable 

 

Fig 1:Anxiety levels in first year medical students 
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Fig 2:Stress levels in first year medical students 
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Table 2:Paired t test in control group before and after  one month of 
yoga  
 
   PRE CONTROL 

(n=30) 
 POST CONTROL 
(n=30) 

P VALUE 

 
STAI –S 

 
45.87 + 6.296 

 
45.47 + 5.244 0.393 

 
STAI-T 

 
42.27 + 1.081 

 
42.33 + 2.040 0.841 

 
PSS 

 
20.63 + 3.64 

 
20.97 + 3.643 0.353 

 
HR 

 
8.46 + 12.14 

 
8.43 + 10.86 0.622 

 
SDNN 

 
3.71 + 15.03 

 
3.69 + 14.82 0.483 

 
RMSSD 

 
3.12 + 15.26 

 
3.09 + 15.62 0.352 

 
LF 

 
4.58 + 15.39 

 
4.01 + 16.02 0.028 

 
HF 

 
2.99 + 11.49 

 
2.98 + 10.60 0.825 

 
LF/HF 

 
1.64 + 0.66 

 
1.40 + 0.093 0.039 

 

Table 2: shows comparison of anxiety, stress and heart rate variability of controls four 

weeks apart by applying paired ‘t’ test. There was no significant difference between 

the two recording  among controls. 
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Table 3:Paired t test in study group before and after  yoga 
intervention 
 

 PRE YOGA 
(n=30) 

POST YOGA  
(n=30) 

P VALUE 

 
STAI -S 

 
56 + 8.21 

 
40.50 +  6.86 0.000 

 
STAI-T 

 
56.27 +  8.46 

 
41.87 +  6.91 0.000 

 
PSS 

 
17.00 +  2.691 

 
15.70 + 4.061 0.068 

 
HR 

 
8.58 +  11.10 

 
7.67 +  11.45 0.000 

 
SDNN 

 
3.81 +  13.87 

 
5.43 +  22.78 0.001 

 
RMSSD 

 
3.84 +  16.79 

 
4.63 + 19.47 0.053 

 
LF 

 
4.61 +16.50 

 
2.80 +12.49 0.000 

 
HF 

 
3.22 + 11.28 

 
5.69 + 16.35 0.000 

 
LF/HF 

 
1.68 + 1.08 

 
0.55 + 0.34 0.000 

 
 

Table 3:  shows comparison of anxiety, stress and heart rate variability of study group 

four weeks apart by applying paired ‘t’ test. There were significant differences in 

STAI-S, STAI-T, HR, SDNN, LF, HFand LF/HF.There was no significant difference 

in PSS. 
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Table 4: Independent t test after one month intervention 
 
 POST 

CONTROL 
(n=30) 

POST YOGA  
(n=30) 

P VALUE 

 
STAI -S 

 
45.47+ 5.24 

 
40.20+ 6.86 0.001 

 
STAI-T 

 
42.33+ 2.04 

 
41.87+ 6.91 0.724 

 
PSS 

 
20.97+ 3.57 

 
15.70+ 4.06 0.000 

 
HR 

 
8.43+ 10.86 

 
7.67+ 11.45 0.011 

 
SDNN 

 
3.69+ 14.82 

 
5.43+ 22.789 0.001 

 
RMSSD 

 
3.09+ 15.62 

 
4.637+ 19.47 0.001 

 
LF 

 
4.01+16.02 

 
2.80+12.49 0.002 

 
HF 

 
2.98+ 10.60 

 
5.69+ 16.35 0.000 

 
LF/HF 

 
1.40+ 0.510 

 
0.55 + 0.34 0.000 

 
Table 4 show significant decrease in STAT-S, PSS and heart rate variability. There 

was no significant difference in STAI- T. 
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DISCUSSION 

Medical profession is believed to be highly stressful. The three important stressors 

identified in the first year are social, cultural and financial.  Optimal stress enhances 

performance but increased stress results in anxiety. Anxiety results in psychological 

problems resulting in deterioration of academic performance. This further affects 

autonomic balance resulting in cardiac dysfunction. This may be assessed by HRV. 

Regular practice of yoga have shown to decrease mental stress and is also reported to 

modulate autonomic output to achieve  autonomic balance between two components 

(sympathetic and parasympathetic) of autonomic nervous system.5  So this study was 

designed to study the effect of integrated yoga on stress, anxiety and heart rate 

variability. 

        The extent of anxiety and stress is subjective, but can be quantified using the 

scales like state trait inventory anxiety and perceived stress scale. We found that 91 % 

of the first year medical students were found to be stressed which parallels the studies 

elsewhere where they showed stress was highest among students of the first year of 

medical school.42 Studies from Iran and Saudi Arabia reported stress in over 60% of 

respondents.43,44An US study suggested psychiatric illness in 15-20% of medical 

students needing some kind of medical intervention.45The incidence of reported  

emotional disturbances in British medical students  was 31.2% .51 Some other studies 

have also revealed high prevalence of depression and anxiety among medical 

students, with levels of overall psychological distress consistently higher than in the 

general population.42,52,53,54,55 

         Our study demonstrated a significant decline in anxiety scale scores from 

baseline after one month of yoga intervention unlike in the controls where there was 

no significant change in anxiety scores. This effect of yoga was similar to other 
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studies where yoga group when compared to the control group showed significant 

reduction in STAI state and trait anxiety scores.56In a non – randomized but controlled 

study of 50 medical students( 25 yoga participants,25 controls)over 3 months  has 

shown significant reduction in anxiety scores following yoga practice and even on the 

day of examinations.14 Deep relaxation technique one of our yoga intervention has 

been shown to decrease  STAI anxiety scores in the yoga.57 Regular practice of yoga 

is known to elevate mood and relieve the stress by increasing serotonin levels. It 

reduces monoamine oxidase which breaks down serotonin, thus maintaining serotonin 

for longer duration in the brain.46 Further, fMRI showed increase activity in the 

prefrontal lobe that correlated with better temperament and outlook that helps in 

reducing stress.63 It is believed that practice of yoga helps to achieve emotional 

balance, inhibits the areas in amygdala responsible for fear, aggression and rage. It 

stimulates the reward or pleasure centers in the median forebrain and other areas 

leading to a state of bliss and pleasure. This in turn lowers anxiety, respiratory rate, 

heart rate and blood pressure.47,48,49,50 It is reasonable to postulate that the practice of 

yoga not only influences the autonomic balance at subconscious level but also 

controls this balance by regulating emotional changes. In medical students who 

underwent yoga, there was no significant increase in examination stress however 

students did not undergo yoga intervention had significantly higher state anxiety score 

from baseline.62 In contrast to the aforementioned studies, which, despite their 

limitations, indicated that yoga or meditation reduces anxiety, some studies have 

failed to show the same positive results. A study which had well devised 

methodology, appropriate randomization and blinding of the researchers did not 

demonstrate significant difference in anxiety scores even after 10 weeks of 

intervention in treatment of chronic anxiety neurosis.58  
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             Perceived stress score (PSS) is an index of an individual’s perception to 

events in one’s life that is perceived as stressful. This will helps to plan stress coping 

techniques like yoga. In our study, a one month yoga intervention did not significantly 

decrease PSS in contrary to an Indian study that showed significant reduction in PSS 

with 12 weeks intervention. The difference may be due the difference in duration of 

intervention.60   Similarly, in a non –randomized, non-controlled study, PSS scores 

were significantly decreased in medical students.61 In a study where work place 

intervention of yoga was planned for back pain and stress, there was significant 

decrease in PSS from pre-yoga scores. Here again it was a 8 week intervention.59 

When anxiety scores and PSS were compared between the study and control groups 

after one month, we have been able to observe a significant decrease in anxiety state 

levels which assesses the state of the student when the questionnaire was 

administered, and decrease PSS indicating decrease in perceived stress in last one 

week in yoga group. This showed the usefulness of yoga in coping with stress and 

anxiety in spite of non-significant influence on anxiety trait of the students. 

                       Stress and anxiety are often associated with autonomic dysfunction 

which adversely impact the functioning of the heart. We have used HRV for assessing 

the influence of autonomic nervous system. In our study, after one month practice of 

yoga, the time domain markers SDNN and RMSSD were found to be significantly 

increased which may be attributed to shift of autonomic balance from the sympathetic 

nervous system to the parasympathetic system. SDNN indicates variability in duration 

of diastole which in turn influences the functioning ability of the heart. Increase in 

RMSSD suggests parasympathetic predominance evidenced by increased duration of 

cardiac cycle. 46 In the controls there was no change in time domain parameters. In the 

frequency domain parameters we have been able to demonstrate significant reduction 
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in LF power spectrum. This may be attributed to inhibition of posterior or sympathetic 

area of the hypothalamus which optimizes the body's sympathetic responses to 

stressful stimuli. This helps to restore autonomic regulatory reflex mechanisms 

associated with stress. It may be concluded from our observations that even a one 

month practice of yoga reduces sympathetic tone. HF power spectrum an indicator of 

parasympathetic activity showed a significant increase. LF/HF ratio, a marker of 

autonomic balance was found to be significantly reduced suggesting the shift of 

autonomic balance towards parasympathetic predominance. Other studies have shown 

that practice of yoga lead to decrease in respiratory and heart rate, reduce blood 

pressure, lowering of cortisol levels, increase in blood flow to the intestines and vital 

organs, all of which points to increase in parasympathetic activity.24 

                 In our study, we have been able to show significant decrease in Spielberg’s 

anxiety and trait score and HRV showing a parasympathetic dominance with one 

month yoga intervention. However, the PSS not showed significant improvement 

which may be because of shorter yoga intervention. Practice of yoga which involves 

lifestyle modification can be used as a non-pharmacological technique to help 

students to cope with stress and prevent cardiovascular complications. However it is 

worthwhile to recommend continued practice of yoga to preserve and enhance 

beneficial effects obtained by short term practice of yoga. 
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CONCLUSION 

 

One month of Integrated Yoga intervention in first year medical students when 

compared to controls showed: 

 

1. Significant decrease in state anxiety. 

2. Significant decrease in perceived stress. 

3. Improved cardio autonomic function with a shifting of sympatho-vagal 

balance towards parasympathetic dominance in heart rate variability. 

4. No significant improvement in trait anxiety. 
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SUMMARY 
 
 

Yoga is a way of life involving lifestyle modifications intended to promote positive 

physical and mental health. In our study, efforts were made to assess the health 

benefits of short term practice of yoga on anxiety, stress and HRV. Cardiovascular 

functions and benefits of intervention were evaluated by HRV. It was observed that 

practice of yoga beneficially altered the HRV resulting in alteration in sympatho-

vagal balance with parasympathetic dominance. Yoga is a desirable non-

pharmacological intervention to decrease anxiety among medical students and 

improve cardio autonomic function. 
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ANNEXURE – I 

 

INFORMED CONSENT FORM 

 
I have read and understood the purpose of this study and benefits associated 

with my involvement in the study. I have also understood the confidential nature 

of the information that will be collected and disclosed during the study. 

I have had the opportunity to ask my questions regarding the various aspects of 

this study and my questions have been answered to my satisfaction. 

I, the undersigned agree to participate in this study and authorized the collection 

as outlined in this consent form. 

 

 

--------------------------------------------                     ---------- 

Subject’s Name & Signature                                   Date  

 

 

--------------------------------------------                     ---------- 

Signature of the principal investigators                     Date  
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Annexure II 
 
 

Perceived Stress Scale 
 
The questions in this scale ask you about your feelings and thoughts during the 
last week. In each case, you will be asked to indicate by circling how often you 
felt or thought a certain way. 
 Name ____________________________________________________ 
Date_________ 
 Age ________   Gender (Circle): M F  
  
 0 = Never 1 = Almost Never 2 = Sometimes 3 = Fairly Often 4 = Very Often 
 
1 In the last week, how often have you been 

upset because of something that happened 
unexpectedly? 

0 1 2 3 4 

2 In the last week, how often have you felt that 
you were unable to control the important 
things in your life? 

0 1 2 3 4 

3 In the last week, how often have you felt 
nervous and “stressed”? 

0 1 2 3 4 

4 In the last week, how often have you felt 
confident about your ability to handle your 
personal problems? 

0 1 2 3 4 

5 In the last week, how often have you felt that 
things were going your way? 

0 1 2 3 4 

6 In the last week, how often have you found 
that you could not cope with all the things 
that you had to do? 

0 1 2 3 4 

7 In the last week, how often have you been 
able 
to control irritations in your life? 

0 1 2 3 4 

8 In the last week, how often have you felt that 
you were on top of things? 

0 1 2 3 4 

9 In the last week, how often have you been 
angered because of things that were outside 
of your control? 

0 1 2 3 4 

10 In the last week, how often have you felt 
difficulties were piling up so high that you 
could not overcome them? 

0 1 2 3 4 
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Annexure III 
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MASTER CHART: 
 
Group  Sex   Ht  Wt  STAI‐

S 1 
STAI‐
S2 

STAI‐
T 1 

STAI‐
T2 

PSS 1  PSS2  HR 1  HR 2 

1  f  163  54  49  46  41  42  21  22  90.43  92.43 

1  m  168  64  40  42  45  45  15  14  79.12  78.12 

1  m  164  54  46  48  42  43  23  24  98.66  99.66 

1  m  170  68  55  51  45  46  30  28  93.03  92.03 

1  m  168  62  46  46  41  39  21  22  73.76  74.76 

1  f  154  43  53  50  42  41  16  14  85.57  86.57 

1  m  152  50  41  40  40  40  19  19  78.84  77.84 

1  m  152  45  55  52  42  43  23  23  75.39  76.39 

1  f  158  80  44  40  41  41  22  23  81.22  82.22 

1  f  156  60  53  55  42  43  19  19  91.75  90.75 

1  m  163  57  63  58  42  48  13  15  83.31  82.31 

1  f  169  54  50  47  42  43  24  22  77.43  78.69 

1  f  152  69  43  44  43  43  20  22  89.79  88.79 

1  f  157  64  35  37  43  42  20  19  72.56  73.56 

1  f  174  49  41  42  43  42  18  20  76.57  77.57 

1  f  175  66  41  40  42  44  19  23  60.83  62.83 

1  f  162  60  45  44  42  40  22  20  98.66  97.66 

1  f  160  55  50  52  43  40  20  22  68.83  67.83 

1  f  139  34  41  39  43  42  18  16  79.44  88.34 

1  m  170  57  46  44  42  41  18  19  106.56  105.56

1  m  172  58  43  42  42  41  18  20  94.14  93.14 

1  m  167  84  46  48  42  41  22  24  89.30  87.30 

1  f  158  40  41  40  44  44  19  23  92.78  91.78 

1  f  157  62  35  39  42  46  23  20  94.28  95.28 

1  f  156  65  54  52  41  42  19  20  80.07  79.07 

1  m  182  58  43  42  42  43  30  28  87.56  88.56 

1  f  165  81  42  46  43  43  20  19  116.82  100.82

1  f  169  54  49  50  42  41  20  18  76.98  77.98 

1  f  165  62  40  44  42  41  22  25  63.85  60.85 

1  f  172  64  46  44  42  40  25  26  81.76  80.76 
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SDNN 
1 

SDNN 
2 

RMSSD 
1 

RMSSD 
2 

LF 1  LF 2  HF 1  HF 2  LF/HF 
1 

LF/HF 
2 

44.67  42.67  25.13  24.13  51.95  50.95  20.06  24.06  2.58  2.11 

33.12  34.12  43.07  42.07  40.09  21.09  26.23  25.23  1.52  0.83 

20.68  22.68  11.47  10.47  52.13  50.13  22.20  24.20  2.34  2.07 

38.89  37.89  21.87  20.87  67.18  66.18  55.33  53.33  1.21  1.24 

66.30  65.30  43.97  44.97  80.72  31.72  20.95  22.95  3.85  1.38 

74.24  76.24  42.43  43.43  52.06  50.06  38.98  39.98  1.33  1.25 

58.03  56.03  30.78  34.78  25.19  26.19  18.24  19.24  1.38  1.36 

55.70  54.70  29.77  26.77  22.73  24.73  24.77  25.77  0.91  0.95 

41.58  43.58  22.08  20.08  31.71  32.71  26.13  25.13  1.21  1.30 

39.44  37.44  38.80  36.80  37.71  36.71  28.57  29.57  1.31  1.24 

50.14  49.14  49.42  48.42  47.04  43.04  22.048 23.04  2.13  1.86 

50.91  53.74  46.42  45.45  31.71  28.19  21.69  19.80  1.46  1.42 

36.86  37.86  35.24  38.24  47.12  46.12  38.57  37.57  1.22  1.22 

40.39  38.39  32.43  33.43  50.56  16.56  48.72  37.72  1.03  0.43 

45.96  43.96  31.02  30.02  42.00  43.00  23.68  24.68  1.77  1.74 

35.57  32.57  22.89  20.89  58.64  56.64  45.64  44.64  1.28  1.26 

20.68  22.68  11.47  10.47  52.13  50.13  22.20  21.20  2.34  2.36 

28.06  29.06  73.68  74.68  24.15  25.15  20.18  23.18  1.19  1.08 

43.78  40.52  48.43  46.59  55.13  57.24  35.56  34.18  1.55  1.67 

21.97  20.97  8.95  10.95  76.69  75.69  29.89  26.89  2.56  2.81 

38.15  37.15  40.09  36.09  60.13  23.13  20.32  23.32  2.95  0.99 

26.82  26.82  23.01  20.01  58.94  59.94  44.82  45.82  1.31  1.30 

20.25  21.25  20.54  22.54  29.71  30.71  18.23  16.23  1.62  1.89 

30.84  29.84  26.39  27.39  35.64  34.64  22.55  24.55  1.57  1.41 

21.11  22.11  20.11  21.11  40.27  43.27  38.50  37.50  1.04  1.15 

44.21  45.21  19.23  17.23  23.38  25.38  17.15  18.15  1.36  1.39 

12.32  13.32  8.11  7.11  50.03  54.03  43.69  42.69  1.14  1.26 

11.64  10.64  50.97  52.97  28.09  26.09  17.35  16.35  1.61  1.59 

32.78  31.78  13.53  12.53  40.70  13.70  32.32  33.32  1.25  0.41 

28.72  29.72  46.99  47.99  61.41  62.41  53.30  54.30  1.15  1.14 
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Group  Sex  Ht  Wt  STAI‐

S 1 
STAI‐
S2 

STAI‐
T 1 

STAI‐
T2 

PSS 1  PSS2  HR 1  HR 2 

2  m  178  64  60  49  55  35  15  12  91.09  86.28

2  m  171  48  56  42  68  55  14  12  92.92  83.31

2  f  158  56  61  43  53  44  19  15  93.07  74.54

2  f  161  50  49  36  53  40  19  16  81.22  67.15

2  m  169  65  57  52  66  55  18  16  76.28  65.39

2  f  158  62  56  44  56  41  15  12  92.48  88.48

2  f  160  58  54  38  52  41  16  14  95.56  90.42

2  f  169  74  56  45  60  40  19  18  77.73  72.56

2  f  158  105  51  34  49  42  16  21  92.48  88.34

2  f  154  52  48  28  51  31  15  11  80.64  60.36

2  f  154  48  80  38  80  45  20  12  89.97  80.23

2  f  149  44  53  46  51  47  15  11  73.92  67.43

2  m  170  70  51  43  54  45  16  14  92.63  74.63

2  f  164  50  56  40  56  48  20  16  104.70  76.82

2  m  177  76  57  28  69  38  15  16  86.35  74.54

2  m  175  63  50  41  53  49  21  30  67.68  60.83

2  m  172  75  54  45  51  44  16  15  69.44  60.83

2  m  175  64  57  43  53  42  17  16  65.22  63.85

2  f  160  46  54  26  51  28  20  19  112.88  96.64

2  m  170  45  63  40  64  39  20  14  84.81  72.56

2  m  167  80  57  47  50  33  15  14  76.59  67.69

2  f  160  71  45  35  52  32  17  18  96.88  98.66

2  f  158  50  69  52  61  55  21  16  75.28  75.39

2  f  171  77  49  44  50  41  15  12  93.49  88.48

2  f  164  50  56  38  60  41  21  20  96.55  90.42

2  f  164  50  52  45  65  40  14  11  76.79  72.56

2  m  167  60  46  34  42  42  15  12  91.49  88.34

2  f  160  54  57  28  43  31  16  18  82.68  60.36

2  m  172  57  79  38  70  45  10  19  88.96  87.23

2  m  179  70  47  44  50  47  20  21  74.96  67.43
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SDNN 
1 

SDNN 
2 

RMSSD 
1 

RMSSD 
2 

LF 1  LF 2  HF 1  HF 2  LF/HF 1  LF/HF 2 

23.47  62.42  18.18  20.77  57.39  28.00 32.89  49.33  1.74  0.56 

50.14  88.38  20.91  49.42  55.75  47.04 22.04  55.75  2.52  0.84 

60.73  44.20  38.54  52.72  40.16  35.88 36.13  33.29  1.11  1.07 

50.43  30.58  52.08  47.42  31.71  23.51 17.73  31.62  1.78  0.74 

64.70  52.46  50.76  59.77  70.45  22.73 23.03  64.77  3.05  0.35 

28.68  58.32  47.17  52.12  28.54  10.98 30.45  37.50  0.93  0.29 

36.76  26.70  15.82  33.47  61.77  45.74 41.01  81.78  1.50  0.55 

20.39  73.99  72.41  92.43  46.40  17.56 37.34  68.72  1.24  0.25 

58.52  42.32  45.17  77.59  18.54  17.24 30.45  78.18  0.60  0.22 

40.18  75.29  40.09  43.91  33.26  27.70 46.27  69.98  0.71  0.39 

36.69  58.14  15.02  47.19  59.43  47.94 35.46  41.57  1.67  1.15 

60.91  44.87  41.58  36.42  63.22  31.71 22.61  61.69  2.79  0.51 

31.00  33.40  18.46  51.14  33.88  26.44 32.71  39.48  1.035  0.66 

20.95  25.55  20.17  53.00  37.80  17.52 18.05  46.74  2.09  0.37 

34.12  21.22  41.34  20.77  41.02  23.99 40.95  51.66  1.00  0.46 

17.57  18.92  32.97  72.89  58.64  26.24 35.64  60.63  1.64  0.43 

55.57  61.28  37.91  42.89  72.83  58.64 13.21  35.64  5.51  1.64 

42.78  52.18  30.61  53.53  54.03  12.70 29.62  82.32  1.82  0.15 

32.51  25.52  75.79  28.39  34.85  34.04 11.49  37.34  3.03  0.91 

40.39  37.50  40.67  12.43  25.94  17.56 44.52  68.72  0.58  0.25 

20.74  38.86  31.79  15.45  34.13  29.19 51.50  64.80  0.66  0.45 

20.68  37.32  42.58  51.47  52.96  18.13 28.99  42.20  1.82  0.42 

40.70  85.46  37.50  59.77  70.45  22.73 23.03  64.77  3.05  0.35 

23.68  58.32  47.17  42.12  18.54  10.98 30.45  37.50  0.60  0.29 

36.76  87.70  15.82  33.47  61.77  45.74 61.01  81.78  1.01  0.55 

30.39  73.99  72.41  62.43  46.40  17.56 37.34  68.72  1.24  0.25 

58.52  98.32  45.17  30.59  18.54  17.24 30.45  78.18  0.60  0.22 

40.18  75.29  50.09  83.91  33.26  27.70 46.27  69.98  0.71  0.39 

36.69  88.14  15.02  37.19  59.43  47.94 35.46  41.57  1.67  1.15 

30.91  54.87  41.58  26.42  63.22  31.71 22.61  61.69  2.79  0.51 

Group 1 –control,2-study, HT-height in cm, WT-weight in kg, HR1,SDNN1, RMSSD1, LF1,HF1,LF/HF 1 are pre 
interventional values, HR2,SDNN2, RMSSD2, LF2,HF2,LF/HF 2 are post interventional values. 
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