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Abstract 
Heart rate variability (HRV) is one of the important characteristics in the clinical studies of cardiovascular diseases. 

HRV can be measured in time domain, frequency domain and non-linear methods. Among them all, the time domain 

method is simpler but not explored fully due to many unanswered arguments [19]. In 70’s a number of research work 

established importance of studying R-R duration for prognosis of cardiovascular risk under different situations [7]. They 

introduced NN50 count to measure HRV. The widely used and readily obtained pNNx statistic is traditionally computed 

based on an empirical threshold of 50ms. In this paper author ask the question: Whether a normal statistical mean can 

distinguish inter-individual and inter-group variability pattern or not? To solve this problem author took 74 women 

subjects and divide them into two groups: reproductive age group (RAG) and post menopausal age group (PMAG). HRV 

analysis was performed and RR intervals were measured as 0-10ms, 10-20ms, 20-30ms and so on. Results showed that 

pNN20, pNN30, pNN40 are better diagnostic marker than pNN50. This observation indicates the importance of 

analysing relatively small variations in heart rate. These findings support the utility of evaluating the general pNNx 

family of HRV statistics rather than selecting only the traditionally accepted pNN50 measure. 

Key Words: Heart rate variability, Reproductive Age Group, Post Menopausal Age Group. 

 

Introduction 

HRV has been one of the points of discussion in recent times because of its relevance in clinical setting [14].  

In 70’s a number of research work established importance of studying R-R duration for prognosis of 

cardiovascular risk under many situations of disease and work [7]. They introduced NN50 count (defined as 

the change in successive normal sinus (NN) intervals exceeds 50ms) to measure HRV, where pNN50 is 

percentage count of NN50. pNN50 is widely used to measure HRV[12]. Both a fixed threshold of 50ms and a 

variable threshold set at 6.25% of the previous NN interval were tested. It was recommended that 50 ms fixed 

threshold was easier and simpler to measure than a percentage threshold. Results for fixed thresholds greater 

or less than 50ms were not described. Subsequently, Bigger et al.[8] introduced the pNN50 statistic (defined 

as NN50 count/total NN count) that is, the percentage of absolute differences in successive NN values >50ms. 

pNN50 has proved to be a useful HRV measure, providing diagnostic and prognostic information in a wide 

range of conditions[1-6]. 

Later on a number of approaches evolved to bring forth the Central Nervous System (CNS) control 

mechanism hidden in R-R intervals (RRI). At present three distinct approaches are available: time domain, 

spectral domain and non-linear analysis. Among these, time domain analysis is simpler but its usefulness not 

explored fully due to many unanswered arguments [19].  One of the major disadvantages of HRV analysis lies 

in difficulty of recognizing individual and group pattern as compared to standard ECG waves.  

The objective of this paper is to focus on the aspects of inter-individual and inter-group variability pattern, 

observed in time domain analysis variables.    

 

Materials & Methodology 

Participants:   

A total of 74 women were selected for present study on the basis of convenience sampling. All subjects were 

taken from Kolkata and South 24pgs. districts of W.B. They were classified in two groups: reproductive and 
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post-menopausal group on the basis of their physiological condition.  Personal data of subjects are listed in 

Table1. 

Table1: Classification of Participants 

Name of the Group Number of 

Participants 

Range of 

Age(years) 

Mean 

Age(years) 

Mean BMI(Kg/m
2
) 

Reproductive Age 

Group(RAG) 

37 10 – 48 28.81±9.19 24.13 

Post-Menopausal Age 

Group(PMAG) 

37 43 – 76 56.27±6.64 24.37 

 

The participants of RAG were university students and working ladies. PMAG participants were retired women 

and housewives.  

A familiarization session was done before data collection, where a questionnaire form was filled up by every 

participant, which is mainly concerned about general information as well as physiological condition of them. 

Besides, a Volunteer Consent/Declaration Form was filled by each participant. Presence of any form of heart 

disease, if declared in the form, was taken as exclusion criteria. 

All of them were assured about the confidentiality about their personal data. They were informed about the 

beneficial part of this research. There were no risk factors at the time of taking ECG reading as because signal 

as well as power were isolated by using isolation amplifier. 

 

Data collection: 

The recording was done in a calm and quiet room, so that the participants should not be disturbed by external 

noise. All recordings were done in sitting posture after giving a sufficient time of being in a normal condition. 

The duration of recording was 5min. 

ECG Signals were recorded by custom made ECG device, which is made up of ECG electrodes, isolation and 

amplification circuits, HRV-DAQ interface and a USB port for computer.  Analog signal was digitized by 

using NI data digitization interface (Model:NI USB-6008). Sampling rate for digitization was 200Hz (5ms 

sampling interval). ECG data was stored in PC through NI software. R-peak and RRI detection program was 

written in MATLAB software.  

HRV data through Kubios Software was calculated employing only normal-to-normal intervals, that means it 

measures normalized R-to-R interval. Other peak-to-peak values e.g. P-to-P, Q-to-Q, T-to-T etc. can be found 

out for the measurement of HRV. But the amplitude of R-peak is significantly high with respect to other 

peaks, so it can be easily discriminated among other peaks in P-Q-R-S-T curve. Another advantage of R-peak 

is its frequency is around 17Hz, which is easily discriminating. 

 

Data analysis: 

i) Difference between two consecutive RRI was found out. 

ii) Difference data were sorted in natural and absolute form. 

iii) Difference between two successive RRI came in three forms with values in Negative (reduced in 

successive beat), Zero(no change in successive values) and Positive(increased in successive beat). From the 

sorted data different characteristics of negative, positive and zero values were estimated. To test consistency 

of data in relation to accepted normal resting heart rate (HR) the RRI’s of each individual was averaged and 

then manually tested for higher, lower or within range HR. The observation is summarized in Table2. 

Acceptable physiological normal range was taken as 72±10beats/min. The minimum and maximum RRI was 

also derived from raw RRI value of subjects pooled in one single set, each for RAG and PMAG. 
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iv) Frequency distribution tables of RRI (in ms) were created for individuals. Classes were made as 0-9, 

10-19, and so on till 200-above to describe the percentage of cases in each class. Various statistical parameters 

were derived and Box Plot was done on class intervals and pNNx values through SPSS software. Analysis of 

variance (ANOVA) was done to find out intra-group and inter-group differences.  Measures such as 

coefficient of variation (CV = SD/mean×100) was also determined. 

 

Results 

Table2: Comparison of RRI and HR variations in present study and other studies 

 RRI(ms) Heart 

rate(beats 

/ min)* 

Range of 

RRI(ms) 

Range of Heart rate  

(Beats / min)* 

Percentage of cases in 

relation to physiological 

limits(%) 

Min Max  Min Max Higher Lower  Within 

range 

  RAG 

Mean  708.06 85 260 1500 40 231 62.2 2.7 35.1 

SD 105.24 10 NA NA NA NA NA NA NA 

CV(%) 14.9 11.8        

 PMAG 

Mean  734.18 82 400 1500 40 150 35.1 5.4 59.5 

SD 120 12 NA NA NA NA NA NA NA 

CV(%) 16.3 14.6        

 Reported values from other studies (5min records) 

 946±109         63 
+
 Rickards et al, 2010 Range(ms) 701–1162 

 910±115        66 
+
 Pinna et al 2007 

 906±115              66 
+
 Maestri et al. 2007 

* Decimal values were rounded, NA – not applicable in these cases, 
+ 

the value was derived from reported 

mean RRI 

 

Table2 describes the variation in RRI and HR in different populations. F-test has shown significant inter-

individual difference in RRI values both RAG and PMAG groups. The RRI of RAG was found to be lower 

than PMAG but not significantly. The lowest recorded RRI was different in two groups whereas highest RRI 

was same. The mean RRI of the present groups were much lower than found in other studies. The percentage 

of within physiological resting range RRI was higher in PMAG. The lower values were drastically less than 

higher and within range values in RAG and PMAG both. CV(%) was higher than accepted standards (10%) in 

both the groups.    

Table 3: Characteristics of raw RRI values in RAG and PMAG 
 RAG PMAG 

 Total 

number of 

RRI 

Difference in duration of 

successive RRI (in %) 

Total 

number of 

RRI 

Difference in duration of 

successive RRI (in %) 

  Negative Zero Positive  Negative Zero Positive 

Mean 456.4 46.2 7.4 46.4 427.1 44.2 12.4 43.4 

SD 56.0 4.1 5.9 3.5 89.2 5.1 8.2 5.0 

CV (%) 12.3 8.8 79.8 7.6 20.9 11.6 65.9 11.6 

Minimum 326 34.02 0.57 34.02 58.0 32.2 0.0 31.3 

Maximum   582 52.84 31.94 53.59 594.0 55.2 36.5 52.6 
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From Table3 in terms of mean and SD; RAG and PMAG groups can be differentiated by zero values. CV of 

both zero and positive values can significantly differentiate among two groups. 

Figure1 represents the Box plot of different pNNx sets of RAG. It is notable that with increase in size of NN 

difference in successive beats number of outliers did increase. In pNN20 and pNN30 outliers are absent. It is 

also seen that few subject data became outliers in bigger NN difference. The data sets are all skewed.   

Figure2 represents the Box plot of different pNNx sets of PMAG. Increase in number of outliers was observed 

with increase in pNNx sets. Only in pNN20 outliers are absent. Many subjects have shown in the outliers 

above pNN20. In case of pNN10 there was increase in number of outliers as compared to RAG. The data sets 

are all skewed.  In both the groups spread of the data had decreased with increase in NN difference.  

pNNx Chracteristics:

 

Fig1: Box Plot of RAG 

 

Fig2: Box Plot of PMAG 
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Table4: Column wise Result of RAG and PMAG 
Parameters pNN10 pNN20 pNN30 pNN40 pNN50 pNN60 pNN70 pNN80 pNN90 pNN100 

 RAG 

Mean 76.604 53.692 37.484 26.311 18.47 13.272 9.916 7.064 5.379 4.223 

Standard 

Deviation 14.51 21.564 21.794 19.807 17.575 15.359 13.593 11.75 10.38 9.222 

CV (%) 18.9 40.2 58.1 75.3 95.2 115.7 137.1 166.3 192.9 218.4 

Skewness -1.581 -0.606 0.055 0.652 1.194 1.748 2.279 2.992 3.519 4.009 

Kurtosis 3.151 -0.345 -0.883 -0.144 1.097 3.313 5.986 10.649 14.484 18.366 

 PMAG 

Mean 66.005 38.086 22.796 14.267 9.641 7.034 5.444 4.475 4.025 3.730 

Standard 

Deviation 
19.199 23.012 20.425 17.3693 14.689 12.952 11.769 11.22 10.779 10.662 

CV (%) 29.1 60.4 89.6 121.7 152.3 184.1 216.2 250.7 267.7 285.8 

Skewness -0.979 0.258 1.224 1.942 2.706 3.387 3.893 4.494 4.717 4.925 

Kurtosis 0.578 -0.331 1.311 3.959 8.282 13.186 17.291 22.684 24.61 26.396 

Values of descriptive statistics for RAG and PMAG have been given in Table4.  Common trend in both the 

groups with increase in pNNx value were: a decrease in mean, increase in standard deviation in proportion to 

mean, change in skewness from negative to positive and increase in peakedness of the distribution. CV is 

gradually increases with decrease in HR, i.e. increase in NN difference in successive beats, but the value of 

CV% is slightly higher in PMAG than RAG in all the stages. 

 

Class Interval: 

Figure3 represents the Box plot of the class interval sets of RAG. It is notable that with increase in size of NN 

difference in successive beats number of outliers did increase mostly after %pNN70. In %pNN10, %pNN30-

70 outliers are absent. The data sets are all skewed.   

Figure4 represents the Box plot of the class interval of PMAG. Increase in number of outliers was observed 

with increase in class intervals. Only in pNN30 outliers are absent. Many subjects have shown outliers above 

pNN30. The data sets are all skewed.  In both the groups spread of the data had decreased with increase in NN 

difference.  

 

Fig3: Box Plot of Class Interval RAG 
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Fig4: Box Plot of Class Interval PMAG  

 

Table5: Frequency distribution tables of RRI in groups RAG and PMAG 

Parameter

s 

%pN

N0 

%pNN

10 

%pNN

20 

%pNN

30 

%pNN

40 

%pNN

50 

%pNN

60 

%pNN

70 

%pNN

80 

%pNN

90 

%pNN1

00 

 RAG 

Mean 23.395 22.911 16.207 11.173 7.84 5.198 3.355 2.851 1.685 1.156 0.793 

Standard 

Deviation 
14.51 8.64 4.818 4.609 4.167 3.436 2.775 2.91 2.035 1.625 1.431 

CV (%) 62.0 37.7 29.7 41.3 53.2 66.1 82.7 102.1 120.8 140.6 180.5 

Skewness 1.581 0.102 -1.135 -0.691 -0.361 -0.009 0.356 1.082 1.225 1.803 2.608 

Kurtosis 3.151 -0.811 1.425 -0.134 -0.984 -1.276 -1.298 0.596 0.61 3.086 6.837 

 PMAG 

Mean 33.994 27.919 15.289 8.529 4.625 2.607 1.589 0.968 0.45 0.295 0.316 

Standard 

Deviation 
19.199 8.37 6.841 5.098 4.543 3.166 2.232 1.953 0.938 0.875 0.843 

CV (%) 56.5 30.0 44.7 59.8 98.2 121.4 140.5 201.8 208.4 296.6 266.8 

Skewness 0.979 -0.907 -0.805 -0.155 1.156 1.595 2.233 4.133 3.448 4.308 3.258 

Kurtosis 0.578 0.816 -0.142 -1.065 0.758 1.943 5.509 20.219 13.066 19.843 10.008 
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Table5 (contd): Frequency distribution tables of RRI in groups RAG and PMAG  

Parameter

s 

%pNN

110 

%pNN

120 

%pNN

130 

%pNN

140 

%pNN

150 

%pNN

160 

%pNN

170 

%pNN

180 

%pNN

190 

%pNN2

00 

 RAG 

Mean 0.564 0.41 0.254 0.263 0.193 0.168 0.211 0.094 0.144 1.123 

Standard 

Deviation 1.025 0.735 0.608 0.562 0.498 0.549 0.895 0.275 0.655 3.141 

CV (%) 181.7 179.3 239.4 213.7 258.0 326.8 424.2 292.6 454.9 279.7 

Skewness 2.232 2.29 4.242 2.401 4.481 4.716 5.708 3.902 5.867 3.92 

Kurtosis 4.432 5.108 20.808 5.374 23.03 24.531 33.681 16.361 35.136 16.146 

 PMAG 

Mean 0.237 0.151 0.191 0.08 0.047 0.049 0.044 0.06 0.08 2.47 

Standard 

Deviation 0.510 0.354 0.855 0.226 0.134 0.153 0.194 0.198 0.285 8.331 

CV (%) 215.2 234.4 447.6 282.5 285.1 312.2 440.9 330.0 356.3 337.3 

Skewness 2.755 3.272 5.788 2.852 3.062 4.023 4.519 3.873 3.85 5.468 

Kurtosis 7.423 11.46 34.378 6.978 9.501 18.36 20.546 16.309 14.138 31.529 

 

Values of descriptive statistics for both RAG and PMAG have been given in Table5. Common trend in both 

the groups with increase in class interval value were: a decrease in mean and standard deviation; with some 

negative skewness and peakedness are present among the data. But the CV% does not show any particular 

pattern for both the groups. For RAG, CV% gradually increases from the class interval pNN20 to pNN110 

and from class interval pNN140 to pNN170, but in other class intervals it does not show any increasing or 

decreasing pattern.  For PMAG, CV% gradually increases from the class interval pNN10 to pNN100 and from 

class interval pNN140 to pNN170. It is notable that CV% gradually increases from the class interval pNN140 

to pNN170 for both the RAG and PMAG though their values are different. 

 

Discussion 

The time domain analysis of heart rate variability shows a trend to answer the question: Whether a normal 

statistical mean can distinguish inter-individual and inter-group variability pattern or not? The characterization 

trend shows that for pNNx characteristic pNN20 and pNN30 are distinct markers for RAG and pNN10 is the 

significant marker for PMAG group and class interval pNNx characteristic shows that for RAG group pNN30-

70 are the significant markers and for PMAG group pNN30 is the distinguishable marker. So, pNN20, pNN30 

and pNN40 are the better choice to distinguish the group variability and evaluate the HRV statistics and it can 

be said that pNN50 is not only the significant marker to distinguish the inter-group and inter-individual 

variability pattern. It is also observed that small variations in the heart rate analyze the best possible variability 

pattern. So, it is not at all necessary to stick HRV characterization by only pNN50 marker. From here, we can 

get a clear idea about the difference between RAG and PMAG group. That means the value of best possible 

marker of heart rate variability can be affected by the hormonal status of a woman life. pNNx values are 

defined as the proportion of successive normal-to-normal R wave intervals greater than ‘x’ value in ms. 

Although most studies report some form of pNNx values, a large variation in ECG sampling process(sampling 

rate, pre-sampling screening of signal etc.), RRI identification algorithm, sample size and circadian effect 

pose difficulty in comparing these data. In present study no RRI was deleted from a subject’s sample.  

This study of HRV on women was carried by taking the 5 min raw data of ECG signal of the subjects. There 

were two possible standard time duration viz. 24 hrs and 5 min to study the HRV pattern.  The study of HRV 

indices between 24-hour and 5-minute recordings demonstrated that the HRV components of a 5-minute 

recording appear to remain stable and may be applicable for screening the variation in the heart rates of 
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workers, although none of the correlations were strong. Nevertheless, the larger variation or peculiarities of 

individuals must be considered when the HRV is used to assess the overall status of the ANS. It was also 

found that, if 5-minute HRV were obtained under controlled conditions, the correlations might be higher [20]. 

In healthy subjects, short-term HRV parameters are subject to large day-to-day random variations which 

would make the detection of treatment effects in individual subjects difficult. The sample size for an 

experiment depends markedly on the reliability of the HRV index considered; this implies the design of 

experiments based on the measurement of a set of HRV parameters should be tuned to the indexes with lowest 

reliability [22]. Though, the ECG sampling interval of 1ms is recommended for HRV analysis without 

interpolation in order to get accurate time domain measures even in seriously reduced-variability samples, but 

in this study author took 5 min sampling interval of sampling frequency 200 Hz. However, a lower sampling 

rate may be satisfactory in cases where higher variability is expected [13]. If it is required then 5 min 

sampling interval can be chopped into some small interval according to the necessity. 

Normally, the lead-II position is recommended for taking ECG reading as it gives the highest amplitude than 

other lead position. As the amplitude of lead-II is the combination of amplitude lead-I and lead-III. But in this 

case ECG signal was recorded in Standard Lead-I position. The advantage of this recording is its easy access 

for recording in any condition and in every posture, but the disadvantage lies in smaller amplitude of the 

signal that may lead to error in differentiating the normal ECG with arrhythmic ECG. All recordings were 

done in sitting posture. ECG recording can be done in different posture like sitting, standing, lying etc. Even 

slight movements in the posture of patients may cause the change in HRV. A study by Jacques-Olivier Fortrat 

et al. reveals that movements with or without standing produced a twofold or greater increase of the overall 

variability of R-R intervals and of the low-frequency components of spectral analysis of HRV [28]. 

 

Conclusion 

The widely used and readily obtained pNNx statistic is traditionally computed based on an empirical threshold 

of 50ms. However, analysis of HRV data obtained in different physiological and pathological states shows 

that separation between comparison groups is consistently improved by using threshold values substantially 

below 50ms(figs1-4). In the above results it has been proved that pNN20, pNN30, pNN40 are more 

distinguishable parameters than pNN50. This observation indicates the importance of analyzing relatively 

small variations in HR. These findings support the utility of evaluating the general pNNx family of HRV 

statistics rather than selecting only the traditionally accepted pNN50 measure or other fixed thresholds. 

So, now we can answer the question- Whether a normal statistical mean can distinguish inter-individual and 

inter-group variability pattern or not? Finally, we can conclude that, the discrimination has been enhanced 

between a variety of normal and pathological conditions are obtained by using pNNx threshold between 10ms 

to 100ms though pNN50 is used as only member in family of HRV statistics.  
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