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Abstract 

Heart rate asymmetry (HRA) is considered as a 
physiological phenomenon seen in heart rates of healthy 
subjects. In this article, we propose a novel heart rate 
asymmetry index and assess the discriminative power of 
proposed index in comparison with conventional heart 
rate asymmetry indices. As an illustrative example we 
discriminate patients suffering from congestive heart 
failure (CHF) from a healthy (normal sinus rhythm (NSR) 
group using HRA of beat-to-beat time series. We evaluate 
the discriminative power of individual features (p<0.01 is 
considered statistically significant) and area under 
Receiver Operating Characteristic (ROC) curve.   These 
comparisons show that proposed HRA index is superior 
feature to conventional HRA index for differentiating NSR 
from CHF subjects. 

 
 

1. Introduction 

Heart rate variability (HRV) is the variation of the 
period between consecutive heart beats over the time and 
is thought to reflect the heart’s adaptability to adapt to 
changing circumstances. Poincaré plot analysis is one of 
the popular techniques largely used by the researchers for 
both qualitative and quantitative analysis of HRV signal. 
The Poincaré plot of HRV signal is constructed by 
plotting consecutive points of RR interval time series 
(i.e., lag-1 plot). The line of identity (x=y) in the Poincaré 
plot is used as the reference to visualize such asymmetry. 

Intuitively, asymmetry refers to the lack of symmetry 
i.e, the distribution of the signal is imbalanced and/or 
disproportionate [1]. Heart rate asymmetry (HRA) was 
initially described as a visible phenomenon, mostly 
present in healthy subjects, which can be assessed by 
visual inspection using Poincaré plot [2]. HRA is the 
measurement of time irreversibility of the HRV time 
series, which is the system level illustration of the 
complex interaction of control loops of the cardiovascular 
system and its nonlinear response to perturbations [3-7]. 
Poincaré plot facilitates the visualization and 
quantification of HRA [5-7]. Conventional and popular 

HRA indices defined based on Poincaré plot of RR 
intervals are Guzkik’s index (GI), Porta’s Index (PI).  

In this study, we have proposed a novel HRA index 
which is defined using points of Poincaré plot and 
compared the performance of proposed index with 
conventional HRA indices. The performance is defined as 
the distinguishing capability of the parameter between 
normal sinus rhythm (NSR) and congestive heart failure 
(CHF) subjects.  

 
2. Data and methods 

2.1. Existing HRA indices 

The line of identity (Li) in Poincaré plot is used as a 
line of symmetry in defining HRA. However, this only 
defines the visual symmetry of distribution of points with 
respect to the line of symmetry and the HRA index is 
used for quantifying symmetry/asymmetry. Points above, 
below and on Li have the property ∆RR>0, ∆RR<0 
and ∆RR=0 respectively, where ∆RR=RRi+1-RRi and 
RRi represpents the i-th RR interval.  

Porta’s index PI is defined as percentage of the 
number of Points below Li with respect to the total 
number of points in the Poincare plot which are not on 
Li and can be represented as: 

𝑃𝐼 =
𝑀
𝑁

× 100 
 
Where, M and N represents the number of points below 

Li and not on Li respectively. For each point (Pi) of 
Poincare plot the distance from Li is represented as Di

+ 
if the Pi  is above Li and Di

- if the Pi  is below Li 
(Figure 1). Guzik’s index GI is defined as the percentage 
of the distance by the points above Li with respect to the 
total distance and can be represented as: 

𝐺𝐼 =
∑ 𝐷𝑖+𝐿
𝑖=1

∑ 𝐷𝑖+𝐿
𝑖=1 + ∑ 𝐷𝑖−𝑀

𝑖=1
× 100 

Where, L and M are the number of points above and 
below Li respectively. Figure 1 elaborately depicts the 
definition of GI and PI. 
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2.2. Proposed HRA index (Slope Index) 

We have defined a novel HRA index, Slope Index (SI), 

 
Figure 1. Properties of points in a Poincaré plot used to 

define and calculate Guzik’s Index (GI) and Porta’s Index 
(PI). 

 

 
Figure 2. Properties of points (RRi, RRi+1) in a 

Poincaré plot used to define and calculate proposed 
asymmetry index (SI-Slope Index). 

 
based on the slope of the points of Poincare plot (Figure 
2). For each point Pi (RRi, RRi+1) the slope of the point 
Si is defined as: 

𝑆𝑖 = tan(𝜃𝑖) =
𝑅𝑅𝑖+1
𝑅𝑅𝑖

 

For points above, below and on Li, the range of Si 
are 1<Si<∞, 0<Si<1 and Si=1 respectively. Similar to 
GI and PI, the proposed index SI also calculates 
asymmetry of the plot with respect to line of identity Li. 
The relative slope of each point with respect to line of 
identity is then calculated as:  

𝑅𝑆𝑖 = 𝑆𝐿𝑖 − 𝑆𝑖 

Where, 𝑆𝐿𝑖 is slope of Li. Finally, SI is calculated as 
the percentage of the relative slope of the points above 
line of identity with respect to overall relative slope, 
which is expressed as 

𝑆𝐼 =
∑ 𝑅𝑆𝐿
𝑖=1 𝑖

∑ 𝑅𝑆𝑁
𝑖=1 𝑖

× 100 

where, L and N represents the number of points above 
Li and total number of points in the Poincare plot 
respectively. 

 
2.3. Data 

The RR interval series used in this study is obtained 
from normal sinus rhythm (NSR) and congestive heart 
failure (CHF) database available at 
http://www.physionet.org/physiobank/database/#rr. 54 
RR interval series of subjects with NSR (30 men, aged 
28.5–76, and 24 women, aged 58–73) from Physionet 
Normal Sinus Rhythm database [8] have been used. The 
original long-term ECG recordings were digitized at 128 
Hz, and the beat annotations were obtained by automated 
analysis with manual review and correction [8]. In 
addition, we used 29 long-term ECG recordings of 
subjects (aged 34 to 79) with CHF (NYHA classes I, II 
and III) from Physionet Congestive Heart Failure 
database [8]. Similar to previous recordings, the original 
long term ECG recordings were digitized at 128 Hz, and 
the beat annotations were obtained by automated analysis 
with manual review and correction [8]. More details 
about the RR interval time series can be found in Bigger 
et al. [9].  

 
 

2.4. ROC area and statistics 

Receiver-operating curve (ROC) analysis was used 
[10], with the area under the curve for each feature 
represented by the ROC area. An ROC area value of 0.5 
indicates that the distributions of the features are similar 
in the two groups with no discriminatory power. 
Conversely, a ROC area value of 1.0 would mean that the 
distribution of the features of the two groups do not 
overlap at all. The area under the ROC curve was 
approximated numerically using the trapezoidal rules [10] 
where the larger the ROC area is, the better the 
discriminatory performance. 

The feature values are presented as Mean SD 
(Standard Deviation) for each group of subjects. The 
difference between the groups (NSR and CHF) is 
analyzed using the nonparametric Wilcoxon-Rank Sum 
test. A p value of <0.05 is considered significant. 
MATLAB  Statistics toolbox is used to perform all 
statistical operations. 
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3. Results and discussion 

    The Mean ± SD values of each HRA index is shown in 
Table 1. For 30 minutes of HRV signal, only SI is found 
significantly different (p<0.05) among two groups.  
 
Table 1. Mean ± SD values of asymmetry indices for 
NSR and CHF subjects. * index values are significantly 
(p<0.05) different between groups. 

 
Asymmetry 
Index  

NSR (%) 
Mean ± SD 

CHF (%) 
Mean ± SD 

ROC 
Area 

GI  52.66 ± 3.91 53.59 ± 4.73 0.53 
PI 39.69 ± 3.48 37.50 ± 4.27 0.65 
SI 48.31 ± 1.56 46.13 ± 2.95 0.78* 

 
    Asymmetry index values of each subject of NSR and 
CHF groups as well as their errorbar are shown in Figure 
3. From mean values of all asymmetry indices it is 
obvious that the NSR subjects are closer to symmetrycity 
compared to CHF subjects, considering 50 as the 
reference of symmetricity. Although asymmetry is 
reported as a phenomenon of healthy physiologic system 
[6, 7] and the maturation of the autonomic regulation [7], 
no study has reported increased symmetricity in CHF 
subjects. Moreover, asymmetricity has been reported in 
tremor time series of patients with Parkinson’s disease 
[11, 12] and in electroencephalographic seizure 
recordings [13, 14]. Hence, presence of asymmetry can be

 
Figure 3. Asymmetry index values of each subject of 
CHF and NSR groups. Errorbar shows the mean-sd 
values of each group for each index. * indicates the 
significant difference between two groups. 
 
an expected phenomenon of healthy physiologic system, 
but it can be increased or decreased in pathology. 
    Asymmetry is related with nonlinear dynamics and 
time irreversibility, which exhibit the most complex 
interrelationships [1, 3]. Guzik et. al. [7] have reported 

that the asymmetry in heart rate variability might be 
related to the response of the baroreflex to increase or 
decrease the blood pressure [15]. However, exact reason 
for such asymmetry is largely unknown and remains to be 
investigated. From the result it is obvious that the 
proposed asymmetry index (SI) has shown better 
discriminatory capability than other HRA indices (PI and 
GI). In this study, the discriminatory capability is 
measured by the ROC area and it is found maximum for 
SI (0.78) compared to GI (0.53) and PI (0.65). Therefore, 
SI is found to be a promising marker that may be used for 
differentiating pathology from healthy condition. 

 

 
Figure 4. ROC curve of GI, PI and SI. The area under the 
curve for SI (0.78) is significantly higher than GI (0.53) 
and PI (0.65). 

 
 

4.  Conclusion 

A novel index to measure asymmetry in Poincaré plot 
is proposed. The proposed index provides an 
improvement in analyzing asymmetry of the HRV signal. 
The index SI has been shown to perform better in 
discriminating congestive heart failure subjects from 
normal sinus rhythm subjects using short term (30 min) 
heart rate series. In future, it would be interesting to look 
at use of proposed index in other pathological condition. 
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