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Abstract 

Introduction- Meditation leads to experience of complete quiescence, absence of self-boundaries, blissful feeling, and inner 

light. The goal of present study was to evaluate effects of Advanced Meditation Program on  heart rate  , ECG and heart rate 

variability. 

Method- The study was conducted in Department of physiology, Rajasthan University of Health Sciences, Jaipur in association 

with art of living organization. Advance meditation program is conducted by art of living organization. Subjects who voluntarily 

enrolled in meditation  and healthy controls were assessed, after taking written consent. A detailed history was taken and detailed 

general physical examination was done and Anthropometric measurements along with baseline ECG were recorded for 5 

minutes. Participants were divided in Three groups. Heart Rate Variability was assessed in   Physiology Research lab before 

advanced meditation program and after Completion of advanced meditation program . 

Result-In this study, an attempt has been made to assess specifically the nonlinear dynamics of HRV using Poincare plot in 

advanced meditation program and compare it with that of the HRV assessed by linear measures. Linear  and non linear 

parameters of   heart rate variability , frequency domain  and Poincare  plot were evaluated.. Then  linear parameter  , frequency 

domain and non linear parameters were compared. The LF power and the SD2 of the Poincaré plot decreased  in  subjects who  

were meditating. Additionally, a significant correlations were found between LF and SD2, HF and SD1 (p < 0.05), and LF/HF 

and SD2/SD1 (p < 0.01).However, the LF, SD2 and LF/HF decreased; the HF, SD1 and SD1/SD2 ratio increased after 

meditation. 

Conclusion-Results of this study show that, if meditation practiced regularly can emerge as one of the important non-

pharmacological tool for primary prevention of cardiovascular disease and  restoring sympathovagal balance. Poincare plot 

analysis is easier and more sensitive in evaluating the sympathovagal balance and observing the beat to beat HRV. 

Keywords: Heart rate variability, Advanced Meditation Program, Poincare plot, Autonomic Nervous System. 

 

  



Indian Journal of Basic and Applied Medical Research; September 2016: Vol.-5, Issue- 4, P. 868-889 

 

 

869 

www.ijbamr.com   P ISSN: 2250-284X , E ISSN : 2250-2858 

 

Introduction- 

The advanced stage of meditation  leads one to 

experience  complete quiescence, the absence of self 

boundaries, blissful feeling, and inner 

light.Meditation refers to the practices that focus on 

training internalized attention under greater voluntary 

control, and thereby foster specific mental capacities 

such as relaxation and even complete quiescence. 

Happiness Program 

The central - piece of the Art of living Happiness 

program is a unique and profound breathing 

technique. A practical tool that restores body, mind 

and spirit into its natural rhythm of being, the 

SudarshanKriya has positively transformed millions 

and millions of lives. Its uniqueness is not only in its 

performance, but also in its formation as his Holiness 

Along with SudarshanKriya, other powerful 

breathing techniques, yoga and meditation 

It involves in various practicing techniques and 

different meditative phases - SudarshanKriya, other 

powerful breathing techniques, yoga and meditation . 

Since meditation has been found related to relaxation, 

the changes in autonomic nervous system (ANS) of 

subjects are likely to be affected. 

Heart rate variability (HRV) has been used as a 

noninvasive marker of cardiac autonomic activity and 

cardiovascular risk stratification.
1
HRV is an index of 

vagal tone and reflects the balance between 

parasympathetic and sympathetic system . 

Sympathetic nervous system activation accelerates 

heart rate (HR) thereby decreasing HRV, whereas 

parasympathetic nervous system activation 

decelerates HRand increases HRV.
2
Conventionally, 

there are two main approaches to HRV analysis, the 

time domain analysis using the various statistical 

measures and the frequency domain analysis using 

the spectral analysis by Fast Fourier transformation. 

Both of these measures are linear models of HRV 

analysis. However, time and frequency domain 

methods have got some technical limitations such as 

stationary requirement and the linear assumptions in 

which these techniques are based, and in some cases 

these methods are insensitive and more susceptible to 

interference by ectopic rhythm. 

The analysis of Poincare plots or sections of RR 

intervals is an emerging method of nonlinear 

dynamics applied in HRV analysis.
3
 

The Poincaré plot analysis is a geometrical and 

nonlinear method to assess the dynamics of HRV.
3
 It 

is a plot  in which each R-R interval is marked as a 

function of the previous R-R interval where the 

values of each pair of successive R-R interval define 

a point in the plot. Poincaré plots have been 

evaluated in a qualitative way using their visual 

pattern whereby the shape of the plot is categorized 

into functional classes that have prognostic value in 

various disease and can be evaluated quantitatively 

through the computation of the SD indexes of the 

plot
4
. The plot provides summary information as well 

as detailed beat-to-beat information on the behavior 

of the heart.
5
 Hence  Poincare plot analysis may be a 

better way to monitor the dynamic change of 

autonomic function during meditation. 

Genesis of HRV also involves the nonlinear 

phenomena, which are determined by complex 

interactions of hemodynamic, electrophysiological 

and humoral variables, as well as by autonomic and 

central nervous regulations.
1 
Hence, the analysis of 

the nonlinear dynamics of HRV would enable a 

better physiological interpretation of the HRV.
1 

 

 Poincare plot of RR intervals is a useful visual tool, 

which is capable of summarizing an entire RR time 

series derived from an electrocardiogram (ECG) in 
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one picture, and a quantitative technique which gives 

information on the long- and short-term HRV.
6 

Howeverstudies on  nonlinear component of HRV in  

advanced meditation program are not well 

documented.Therefore, in this study, an attempt has 

been made to assess specifically the nonlinear 

dynamics of HRV using Poincare plot in advanced 

meditation programand compare it with that of the 

HRV assessed by linear measures. Using Poincare 

plot analysis may be a better way to asses dynamic 

changes of autonomic functions during meditation. 

Materials and Methods:- 

Aims- 

The purpose of this study was to assess specifically 

the nonlinear dynamics of HRV using Poincare plot 

in advanced meditation program and compare it with 

that of the HRV assessed by linear measures.. Our 

goal was to assess if Advanced meditation program 

which  includes padmasans,sudharshan kriya and 

different phases of meditation  is more  effective  

than practising only meditation for sympathovagal 

balance and also to compare linear  and non linear 

parameters of heart rate variability. 

Study design 

The study was designed as a cross sectional pilot 

study ,conducted in Research lab Department of 

physiology, Rajasthan University of Health Sciences, 

Jaipur in association with art of living organization. 

Subjects who voluntarily enrolled in meditation and 

healthy controlswere included in study. Advance 

meditation program is conducted by art of living 

organization. and eligibility to participate in this 

course   is participant must have participated in  at 

least one happiness program. 

 

 

 

Inclusion criteria: 

• age between 18 and 40 years  

• Cohen  perceived stress  score of 17 or 

higher (PSS; Cohen et al. 1983). 

• participant must have participated in  at 

least one happiness program 

 Exclusion criteria: 

• Cohen  perceived stress  score of 17 or less 

(PSS; Cohen et al. 1983) 

•  Subjects on  any kind of meditation 

• Subjects suffering from any kind of Chronic 

diseases like hypertension, diabetes etc. 

Participants: 

After taking written consent from subjects they  were 

communicated to fill stress questionnaire (Cohen 

perceived stress scale.. A detailed history was taken 

and detailed general physical examination was 

conducted. Anthropometric measurements were taken 

and baseline ECG was recorded for 5 minutes. 

Participants were divided in three groups of 10 

subjects , Group A,B,C ,Group A-Comprises of 

subjects who have neve participated in any 

meditation program,Group B- Comprises of subjects 

who participated in advanced meditation program 

first time and have not meditated earlier,Group C -

Comprises of subjects who  are actively doing 

meditation since two years and have participated in 3 

or more meditation program .Heart Rate Variability 

was assessed in  physiology lab before advanced 

meditation program and after Completion of 

advanced meditation program and results were 

compared. 

Interventions- 

 Advance meditation program, comprises of a session 

of yoga in the morning (padamasadhana) followed by 

sudarshan kriya and after that different types of 

guided meditation.  
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Analysis of heart rate variability- ECG signals 

were recorded by a  digital physiograph AD 

instruments.The signals were filtered digitally and 

processed to extract QRS peaks which determine the 

R-R intervals. These QRS peaks were automatically 

detected and were reviewed visually for R-wave 

determination and ectopic beats .Areas of ECG  in 

which identification of beats was poor or ectopic 

beats were present were excluded. The geometric and 

frequency domain indices were computed from 5-

minute segments 

Linear dynamics-- 

Frequency domain analysis 

Frequency domain analysis of was done by power 

spectral analysis using fast fourier transformation. 

The frequency domain indices included low 

frequency (LF; 0.04-0.15 Hz), high frequency (HF; 

0.15-0.4 Hz), total power (TP), LF in normalized 

units (LFnu), HF in normalized units (HFnu) and the 

ratio of LF to HF (LF-HF ratio). 

Time domain analysis 

The time domain indices computed using statistical 

methods on RR tachogram, included mean-RR (mean 

of RR interval), SDNN (standard deviation [SD] of 

RR interval), RMSSD (the square root of the mean of 

the sum of the squares of the differences between 

adjacent RR intervals), RR 50 (the number of pairs of 

adjacent RR  intervals differing by >50 ms in the 

entire recording) and pRR50 (the percentage of RR 

50 counts, given by RR 50 count divided by total 

number of all RR intervals). 

Among these indices from linear dynamics of short-

term HRV, the HF, HFnu, TP, SDNN, RMSSD, 

NN50 and PNN50 of HRV indices represent the 

cardiac parasympathetic drive (vagal tone). The LF 

and LFnu represent sympathetic tone. The LF-HF 

ratio depicts the sympathovagal balance.
1
 

Nonlinear dynamics: Using Poincare plot 

These have been derived from the 5-minute Poincaré 

plot representing a diagram in which each R-R 

interval of tachogram is plotted against the previous 

R-R interval. 

It is a two-dimensional graphic representation of the 

correlation between consecutive RR intervals, in 

which each interval is plotted against the following 

interval and its analysis can be done in a qualitative 

way, by assessing the shape formed by its attractor, 

which shows the degree of complexity of RR 

intervals, or in a quantitative way. The quantitative 

analysis is done by fitting an ellipse to the shape 

formed by the plot and measure the dispersion along 

the major and minor axis of the ellipse.
7,8

 

There are two standard descriptors of Poincare plot 

namely: 

Standard deviation 1 

• The length of the transverse line is defined 

as the SD1 of the plot data in perpendicular 

direction. 

• It is the standard deviation (SD) of the 

instantaneous (short-term) beat-to-beat R-R 

interval variability (minor axis of the ellipse 

or SD1). 

Standard deviation 2 

• The length of the longitudinal line is defined 

as the SD2 of the plot data 

• It is the SD of the long-term R-R interval 

variability (major axis of the ellipse or 

SD2).
7,8

 

Furthermore, additional parameters were computed 

which included: 

Area of the ellipse (S) 

• It is given as the amount of area covered by 

the ellipse 
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• It is calculated by doing the product of π, 

SD1, and SD2. 

• It represents total HRV.
9 

A normal configuration of the plot was defined as a 

fan or comet shape. Abnormal forms were a random 

pattern characterized by asymmetrical RR-interval 

clusters; a torpedo-shaped pattern with narrow 

configuration that lacked RR-interval dispersion
.9 

Figure-1      

Group A- Comprising of subjects who have never participated in any meditation program 
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2.Report view- 
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Figure-3 

Group B-Comprising  of subjects who  participated in Advanced  meditation program for  first time. 
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4.Report view 
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Figure-5 

Group C -Comprising of subjects who  are actively doing meditation since two years and have participated in 

3 or more meditation program. 
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6..Report view 

 

 

Poincare plots- 

In the Poincare plots, after the meditation , the plots show an oval  and fan shaped (Fig 8 & 9) and non 

meditation  group the plots turned into a torpedo shape(Fig 7) 
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Figure-7 

Group A-Comprises of subjects who have never participated any meditation.(Torpedo shaped) 

 

Figure 8-  

Group B-Comprises of subjects who  participated in Advanced  meditation program for  first time and have 

not meditated earlier.(Oval orFan shaped) 
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Figure- 9 -Group C -Comprises of subjects who are actively doing meditation since two years and have 

participated in 3 or more meditation program  ( More oval or fan shaped plot) 

 

 

Statistical analysis of data 

 Statistical analysis was done using SPSS Statistics software, Version 19 . For data analysis, all values were 

expressed as mean ± SD. P < 0.05 was considered statistically significant 

Results- 

Group A-Comprises of subjects who have never participated in any meditation program 

Group B-Comprises of subjects who  participated in Advanced  meditation program for  first time. 

Group C-Comprises of subjects who   are actively doing meditation since two years and have participated in 

3 or more meditation program 
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 Table- 1 

 Comparison of demographic parameters amongst three groups. 

Demographic 

parameters 

Group A 

Mean ±SD 

Group B 

Mean ±SD 

Group C 

Mean ±SD 

Age (years) 25.1±4.4 26.1±4.2 27.1±4.2 

Height (cm) 166±7.7 167.8±5.1 168.8±5.1 

Weight (kg) 63.6±7.6 62.8±7.8 62.8±7.8 

Body mass 

index (Kg /m2) 

24.2±2.8 22.5±3.1 22.5±3.1 

 

The demographic profile shown in  Table 1 subjects were of either sex with age 25.1 ± 4.4 years, height 

166 ± 7.7 cm, and weight 63.6 ± 7.6 kg, BMI 24.2± 2.8 kg/m
2
 

 

Table- 2 

Mean Power spectral indexes (LF, HF, LF/HF)  

Groups LF 

 

SD HF SD LF/HF 

Ratio 

SD 

Group A 77.69 2.20 16.92 1.15 4.60 .70 

Group B 66.07 1.72 29.52 1.05 1.85 .23 

Group C 31.02 .95 58.16 1.34 .65 .15 

 

LF-Low frequency component 

HF-High frequency component 

LF/HF-Low frequency to high frequency ratio 

SD-Standard deviation 

Results show that in Group A,B,C  mean LF ,HF ,  LF/HF Ratio  77.69, 66.07,31.02, 16.92,29.52,58.16 ,4.6,1.85,.65 

.In Group C HF component is highest,and LF component , LF/HF ratio is lowest as compared to B and A,  

Table -3 

LOW FREQUENCY COMPONENT 

LOW FREQUENCY COMPONENT 

GROUP A GROUP B GROUP C 

77.694 66.07 31.018 

 

Results shows that low frequency component is highest in Group A ,compare to B & C. 
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Bar Graph 

Bar graph on  effects of  advance meditation program 

LF component was highest in Group A,compare

 

Table -4ONE WAY ANALYSIS OF VARIANCE FOR LOW FREQUENCY COMPONENT

TABLE OF ONE WAY ANALYSIS OF VARIA

COMPONENT 

  Sum of  Degrees of

Variation Squares Freedom

Between Groups 11808.03 2 

Within Groups 78.4414 27 

Total 11886.47 29 

The p value indicates that there is no homogeneity in heart rate variability parameters in 

When pairwise comparison is done, it is found that in ea

 

Table-5  

HF component 

HF COMPONENT 

GROUP A 

16.921 
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effects of  advance meditation program compared b/w  Group A,B and

was highest in Group A,compared to B & C. 

ONE WAY ANALYSIS OF VARIANCE FOR LOW FREQUENCY COMPONENT

TABLE OF ONE WAY ANALYSIS OF VARIANCE FOR LOW FREQUENCY 

Degrees of Mean Sum       

edom of Squares F Ratio P Value Inference

5904.01509 2032.197 <0.0001 HS 

2.90523704 
   

 

    

The p value indicates that there is no homogeneity in heart rate variability parameters in different groups.

When pairwise comparison is done, it is found that in each pair there is highly significant difference (p<0.0001)

 

GROUP B GROUP C 

29.524 58.162 

5, Issue- 4, P. 868-889 

877 

 

compared b/w  Group A,B and C .                              

ONE WAY ANALYSIS OF VARIANCE FOR LOW FREQUENCY COMPONENT 

CE FOR LOW FREQUENCY 

Inference 

different groups. 

h pair there is highly significant difference (p<0.0001) 
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Bar Graph- 

Bar graph on effects of  advance meditation program 

highest in Group C compare to A& B.

 

Table -6ONE WAY ANALYSIS OF VARIANCE FOR HF COMPONENT

TABLE OF ONE WAY ANALYSIS OF VARIA

  Sum of  Degrees of

Variation Squares Freedom

Between Groups 8932.636 2 

Within Groups 37.98249 27 

Total 8970.618 29 

 

The p value indicates that there is no homogeneity in heart ratev

When pairwise comparison is done, it is found that in e

 

Table -7 

Mean  Poincaré plot indexes (SD1, SD2, SD1/SD2) 

 

Groups SD1 

 

Group A 16.92 

Group B 29.52 

Group C 58.16 

Indian Journal of Basic and Applied Medical Research; September 2016: Vol.-5, Issue

www.ijbamr.com   P ISSN: 2250-284X , E ISSN : 2250-2858 

f  advance meditation program compared b/w  Group A, B,  CH

compare to A& B. 

ONE WAY ANALYSIS OF VARIANCE FOR HF COMPONENT 

TABLE OF ONE WAY ANALYSIS OF VARIANCE FOR HF COMPONENT 

Degrees of Mean Sum       

Freedom of Squares F Ratio P Value Inference

4466.31789 3174.899 <0.0001 HS 

1.40675889 

The p value indicates that there is no homogeneity in heart ratevariability parameters in different groups.

When pairwise comparison is done, it is found that in each pair there is highly significant difference (p<0.0001)

Mean  Poincaré plot indexes (SD1, SD2, SD1/SD2)  

SD SD2 SD SD1/SD2

1.15 57.99 1.58 .286 

1.05 50.78 1.45 .505 

1.34 43.14 1.37 .4187 

5, Issue- 4, P. 868-889 

878 

 

CHF component  was 

Inference 

ariability parameters in different groups. 

pair there is highly significant difference (p<0.0001)  

SD1/SD2 

 

882 



Indian Journal of Basic and Applied Medical Research; September 2016: Vol.

 

 

www.ijbamr.com   P ISSN: 2250

 

Results shows that in Group A ,B,C  mean SD1 ,SD2 Ratio SD1/SD2 16.92,29.52,58.16 .

component is highest ,and SD2 component , SD2 /SD1  

 

Table-8-Mean  Poincaré plot indexes SD1

GROUP A 

15.393 

 

Bar Graph- 

 

 

Bar graph on effects of  advance meditation program compared wit

SD1 component of  HR variability was highest in Group C,compare

 

Table- 9 

 

TABLE OF ONE WAY ANALYSIS OF VARIACE FOR SD1

  Sum of  Degrees of

Variation Squares Freedom

Between Groups 432.937 2 

Within Groups 53.2871 27

Total 486.224 29

 

The p value indicates that there is no homogeneity in heart rate variability parameters in different groups.

When pairwise comparison is done, it is found that in eah pair there is highly significant difference (p<0.0001)
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Results shows that in Group A ,B,C  mean SD1 ,SD2 Ratio SD1/SD2 16.92,29.52,58.16 .

t ,and SD2 component , SD2 /SD1  ratio is lowest as compare to B and A groups

Mean  Poincaré plot indexes SD1(Standard deviation 1 of poine care plot) 

GROUP B GROUP C 

20.499 24.683 

Bar graph on effects of  advance meditation program compared with  GroupA,B,C. 

SD1 component of  HR variability was highest in Group C,compared to A& B groups. 

TABLE OF ONE WAY ANALYSIS OF VARIACE FOR SD1 

Degrees of Mean Sum     

Freedom of Squares F Ratio P Value 

 216.46865 109.682 <0.0001 

27 1.9735967 

29 

The p value indicates that there is no homogeneity in heart rate variability parameters in different groups.

done, it is found that in eah pair there is highly significant difference (p<0.0001)

5, Issue- 4, P. 868-889 
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Results shows that in Group A ,B,C  mean SD1 ,SD2 Ratio SD1/SD2 16.92,29.52,58.16 . In Group C SD1 

groups,  

 

  

Inference 

HS 

 

 

The p value indicates that there is no homogeneity in heart rate variability parameters in different groups. 

done, it is found that in eah pair there is highly significant difference (p<0.0001) 
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Table-10- 

Mean  Poincaré plot indexes SD2 (Standard deviation 2 of Poincare plot

SD2 

GROUP  A 

57.993 

 

Bar Graph- 

 

 

Table-11 

 

TABLE OF ONE WAY ANALYSIS OF VARIA

  Sum of  Degrees of

Variation Squares Freedom

Between Groups 1103.965 2 

Within Groups 58.34454 27 

Total 1162.309 29 

 

The p value indicates that there is no homogeneity in heart rate variability parameters 

in different groups. 

Indian Journal of Basic and Applied Medical Research; September 2016: Vol.-5, Issue
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(Standard deviation 2 of Poincare plot) 

  

GROUP B GROUP C 

43.136 50.781 

OF ONE WAY ANALYSIS OF VARIANCE FOR SD2 

Degrees of Mean Sum       

Freedom of Squares F Ratio P Value Inference

551.982363 255.4399 <0.0001 HS 

2.16090889 
   

    

The p value indicates that there is no homogeneity in heart rate variability parameters  

5, Issue- 4, P. 868-889 
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When pairwise comparison is done, it is found that in each pair there is highly significant difference (p<0.0001) 

In the Poincare plots, after the meditation , the plots show an oval  and fan shaped (Fig 8 & 9) and non meditation  

group the plots turned into a torpedo shape(Fig 7) 

 

Table-12 

 Comparison of Mean  Power spectral indexes (LF, HF, LF/HF) and Mean  Poincare plot indexes (SD1, SD2, 

SD1/SD2) in different groups 

 

 

The p value indicates that there is no homogeneity in heart rate variability parameters in different groups. 

When pairwise comparison is done, it is found that in each pair there is highly significant difference (p<0.0001) 

 

Table-13 

Correlation of power spectral indexes (LF, HF, LF/HF) and Poincare plot indexes (SD1, SD2, SD1/SD2) during 

meditation. 

 LF HF LF/HF 

Ratio 

SD1 

 

SD2 SD2/SD1 

LF 1.00 0.686* 0.507* 0.129* 0.561* 0.448 

HF  1.00 −0.24 .626 -.484 -.295 

LF/HF   1.00 .108 .674 .811 

SD2    1.0 1.0 .074 

SD1      -.653 

SD2/SD1      1.0 

 

Results show there is strong correlation b/w LF and SD2 ,HF and  SD1 and LF/HF ratio and SD2/SD1. 

Groups LF 

 

HF LF/HF SD1 

 

SD2 SD1/SD2 P value 

Group A 77.69 16.92 4.60 16.92 57.99 .286 <.0001 

Group B 66.07 29.52 1.85 29.52 43.14 .505 <.0001 

Group C 31.02 58.16 .65 58.16 50.78 .4187 <.0001 
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Discussion- 

Studies on linear and  nonlinear components of HRV 

in  advanced meditation program are not well 

documented. Hence, in this study, an attempt has 

been made to assess linear and non linear parameters 

and compare  nonlinear dynamics of HRV using 

Poincare plot in advanced meditation program. 

The HF reflects parasympathetic activity, the LF 

reflects the sympathetic modulation, and LF/HF ratio 

indicates sympathovagal balance.
11,12 

 In our study it was observed that in the spectral 

analysis, after advanced meditation program Table 

2,3,4,5,6 Results show that in Group A,B and C  

mean LF ,HF ,  LF/HF Ratio observed was 77.69, 

66.07,31.02, 16.92,29.52,58.16 ,4.6,1.85,.65 

respectively. In Group C HF component is highest 

,and LF component , LF/HF ratio is lowest as 

compared to B and A, which is show para 

sympathetic activity is stimulated after meditation  

with concomitant sympathetic withdrawal the 

outcome of study has been found similar to studies 

undertaken after meditation.
26

 

However, the Poincare plots have more advantages; 

they can offer an instant and visually appreciable 

change of sympathovagal balance. In the Poincaré 

plots, after the meditation   the SD1 increases, the 

SD2 decreases, and SD1/SD2 ratio increases instantly 

after the parasympathetic stimulation with a 

concurrent change of shape. The plot  changes for  a 

narrower torpedo-like shape to fan shape in the 

Poincare plot analysis , After  the advanced 

meditation program Table 7,8,9,10,11,12 results 

show that  in Group A ,B,C  mean SD1 ,SD2 Ratio 

SD1/SD2 are 16.92,29.52,58.16 . In Group C SD1 

component is highest ,and SD2 component , SD2 

/SD1  ratio is lowest as compared  to B and A, 

Results of the present study are in concurrence to 

studies done earlier on other meditation techniques 

.
11,12
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The spectral and Poincaré plot analysis of HRV are 

applied widely to monitor the sympathovagal 

change.
,13

 The significance of all the HRV 

measurements has been verified under the correlation 

with various physiological variables which reflect the 

changing of autonomic balance.
14

 

The Poincaré plot is a geometrical representation that 

permits the visual identification of the presence of 

non-linear HRV components.
15

 In the Poincaré plots, 

the SD1 width reflects the parasympathetic activity; 

and the SD2 length reflects the sympathetic 

modulation.
16 The shape of Poincaré plot can be used 

to visually evaluate the sympathovagal activity. An 

elongated, torpedo-like shape with decreased 

SD1/SD2 ratio is associated with elevated 

sympathetic tone, and a more oval, fan-shaped 

configuration resulting from increased SD1/SD2 ratio 

indicates less sympathetic tone.
4,17

The points get 

more scattered when vagal activity increases, or the 

sympathetic activity decreases.  Result of our study 

show in the Poincare plots, after the meditation , the 

plots show an oval  and fan shaped (Fig 8 & 9) and 

non meditation  group the plots turned into a torpedo 

shape(Fig 7). 

 After advanced meditation program the autonomic 

activity increased  which results in increased SD1, 

SD2, and dispersed  Poincaré plots. Moreover, the 

width of SD1 and  SD2 can be used to quantify the 

vagal modulation of the heart rate.
5,18

. 

The Poincaré plot may identify  abnormalities that 

are not easily detectable with traditional time and 

frequency domain measures.
19

 In clinical settings, 

Poincaré plot analysis of R-R intervals provides 

prognostic information in various cardiovascular 

diseases..
2,3

 It has been shown that during 

accentuated sympathovagal activation the heart rate 

behavior becomes remarkably unstable. These 

features of heart rate dynamics can be better 

identified by dynamic analysis of Poincaré plot than 

by traditional analysis techniques of HRV.
3
 The 

Poincaré plots which use the unfiltered data have a 

relatively high intra-individual reproducibility than 

other measures of HRV.It has an advantage of being 

able to identify beat-to-beat cycles and patterns in the 

data.
20 

Moreover , the Poincaré plot may be better in 

the use of dynamic analysis than spectral analysis.
4 

The spectral measures and Poincaré plots are 

fundamentally based on the measurement of the 

magnitude of HRV, even though the computation and 

analysis  are different. Therefore, it is not surprising 

that Poincaré plot analysis and spectral measures 

have a relatively strong correlation with each other. 

In our study, Table 12,13 show that  a good 

correlation between spectral and Poincaré analysis. 

The LF/HF has a good correlation with the SD2/SD1 

ratio. The relations (SD1, HF), (SD2, LF) and 

(LF/HF, SD2/SD1) are mathematically equivalent 

measures.
21 

Like HF/LF ratio, the SD1/SD2 ratio can 

reflect the sympathovagal balance; moreover, it 

offers better discrimination capability among the 

maneuvers of different vagal activity and can even 

discern the nonlinear information of HRV which is 

not evident in the linear analysis.
20

 

Hence, we observed that, the findings of the 

nonlinear dynamics of HRV are corroborative with 

the observations from linear dynamics. Information 

about HRV has been commonly obtained using linear 

methods.
1 
However, RR intervals fluctuate in a more 

complex pattern exhibiting patterns suggestive of 

nonlinear processes. Visual inspection of the 

Poincare plot has been largely used in the analysis of 

HRV. 
11

It is capable of summarizing an entire RR 

time series derived from an ECG in one picture, and a 

quantitative technique, which gives information on 
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the long- and short-term HRV.
23

The nonlinear 

analysis offers the advantage of not requiring any 

preprocessing or stationarity of the data, which is 

needed in linear analysis.
24 

Nonlinear methods such 

as the Poincaré plot, detrended fluctuation analysis 

(DFA), tone/entropy analysis and HR complexity 

analysis are newly developed tools used for 

identifying nonlinear patterns within ECG data. 
25

Our 

study not only evaluated linear parameters Time 

domain and Frequency domain and non linear 

parameters Poine care plot but also compare linear 

and non linear parameters.
 

Limitations of the study- 

The sample size in each group in the present study 

was modest and study was at a point of 

time.Therefore, we could not perform logistic 

regression analysis to assess the contribution of 

Poincare plot indices to autonomic function and its 

predictive role in the assessment CV risks. Studies 

should be conducted in larger sample size and 

multicentric  to further establish the predictive and 

investigative importance of Poincare plot analysis in 

meditation group. 

Conclusion- 

In conclusion, we readily detect the sympathovagal 

changes through the change of shapes in the plots 

especially after the advanced  meditation course  in 

the different groups . The Poincaré plot is visually 

more discernible to detect this autonomic change, 

showing the potential to evaluate the dynamic change 

associated with meditation. For a better dynamic 

monitoring during the meditation  course, the 

Poincaré plot provides a qualitatively and 

quantitatively a visual measure of autonomic nervous 

system activity. 
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