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Abstract :
 Introduction: E: I ratio and r-MSSD are known indicators of cardiac vagal activity. But their determinants are unclear. 

Objective: To evaluate the determinants of E: I ratio and r-MSSD in healthy subjects.

Materials and Methods: 141 healthy subjects were studied. In them  body mass index (BMI), Q-T interval, heart rate (HR),  systolic, 

diastolic, pulse and mean arterial blood pressure (MABP) were measured. Age and sex of the subjects were noted.  E: I ratio and r-MSSD 

was estimated from one minute lead II electrocardiogram in supine position.  E: I ratio was recorded while breathing at 6 respiratory 

cycles per minute and r-MSSD was quantified during normal breathing.   Data was analyzed by   Pearson Correlation Coefficient and 

unpaired t test. p value less than 0.05 was considered significant.

Results:  There was positive correlation between E: I ratio and r-MSSD (p = 0.006). E: I ratio and r-MSSD were negatively correlating with 

age (p < 0.01). r-MSSD was negatively correlating with HR, systolic, diastolic, pulse and MABP (p = 0.0001, 0.01, 0.03, 0.04, 0.01 

respectively). r-MSSD did not correlate with BMI and Q-T interval. E: I ratio did not correlate with blood pressure, BMI and Q-T interval. 

Mean E: I ratio and r-MSSD of males did not differ compared to females.

Conclusion:  E: I ratio and r-MSSD are correlated.  Age is an influencing factor of E: I ratio and r-MSSD. Blood pressure and HR are the 

other determinants of r-MSSD but not of E: I ratio in healthy subjects.   
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Introduction :

The autonomic nervous system plays an important role not 

only in physiological situations, but also in various 
(1and 2)pathological settings such as diabetic neuropathy , 

(3 and 4) (5 and myocardial infarction  and congestive heart failure. 
6) Autonomic imbalance associating increased sympathetic 

activity and reduced vagal tone has been strongly 

implicated in the pathophysiology of arrhythmogenesis 

and sudden cardiac death. 
(7 and 8)  The beat of the 

healthy heart is  not 

absolutely regular. This 

fluctuation in heart beat is 

known as heart rate 

variability (HRV). The 

ability of HRV analysis to 
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assess overall cardiac health and the state of the 

autonomic nervous system responsible for regulating 

cardiac activity underlies its promise as a major new tool in 
(9)the diagnostic and monitoring armamentarium.  In the 

intact heart parasympathetic fibers are inhibitory and 

sympathetic are excitatory. Inhibitory actions of cardiac 

parasympathetic nerves are reported to provide electrical 

stability to the heart and thus preventing ventricular 
(10)tachycardia in humans.   Vagal nerve traffic cannot be 

measured directly in humans. The assessment of HRV has 

thus become the most widely-used indirect measure of 

cardiac vagal function.

Numerous methods of analyzing the magnitude of sinus 
(11 and 12)arrhythmia have been described.  The simplest and 

widely performed measure is the E: I ratio - a ratio of the 



longest R-R interval in expiration to the shortest R-R 

interval in inspiration during deep breathing.  E: I ratio is a 
(13)widely used indicator of parasympathetic function.  r- 

MSSD is another   time domain measur of HRV which is 

usually obtained during spontaneous breathing. r-MSSD 

reflects the short-term variation in the R–R intervals as 

they are entirely based on comparisons between 

successive beats. r-MSSD reflects alterations in autonomic 

tone that are predominantly vagally mediated and 

regarded as a reliable index of cardiac parasympathetic 
(14 and 15)activity.    

A recent study exploring the possible clinical utility of  time 

domain measures of HRV in monitoring cardiac autonomic 

function in type 2 diabetics found that,  E:I ratio was 

significantly lower in type 2 diabetics compared to non-

diabetic healthy subjects; but r-MSSD another indicator of 

cardiac parasympathetic function was comparable 

between type 2 diabetics and non-diabetic healthy 

subjects. In this study, in diabetics with cardiovascular 

complication r-MSSD declined significantly in one year 

period but E:I ratio did not decline significantly. However, in 

diabetics with somatic neuropathy both   r-MSSD and E: I 
(16)ratio declined in one year period.  This observation 

prompt us to hypothesize that although r-MSSD and E:I 

ratio quantify cardiac parasympathetic function, the 

components of cardiac parasympathetic function 

quantified  by these two HRV  parameters may not be the 

same.  Thus even though  the analysis of HRV has gained 

popularity as a simple and non-invasive tool for assessing 

autonomic function in both normal subjects and in patients 

in a variety of clinical settings all the  influencing factors of 

these HRV parameters remains uncertain. Consequently, 

we consider that analyzing influencing factors of HRV   in 

different set of population may provide better insight in to 

making HRV a valuable tool in assessing autonomic 

function in different physiological or pathological 

conditions.  Thus this study was undertaken to compare 

the association of E:I ratio and  r-MSSD   with age, gender, 

body mass index, systolic blood pressure, diastolic blood 

pressure, pulse pressure, mean arterial blood pressure, 

heart rate and QTc in healthy subjects.  This study also sort 
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correlation between E:I ratio  and  r-MSSD  in healthy 

subjects.

Materials and methods :

This was a cross sectional study involving 141 healthy 

subjects of either sex, aged between 40 - 75 years. This 

study was undertaken after the approval by the 

Institutional Ethical Committee in accordance with the 

Ethical Standards laid down in the Declaration of Helsinki 

and obtaining consent from the study participants.

Study protocol: All the test procedures were explained to 

the study participants before administering the study 

protocol. Age of all the subjects was noted. In them, the 

following parameters were quantified:  Body mass index,  

blood pressure (Systolic, diastolic, pulse and mean arterial 

blood pressure) , heart rate , QTc  and time domain 

measures of cardiac vagal function  , namely Expiratory: 

Inspiratory ratio (E:I ratio) and Root mean square of 

successive N–N interval difference (r-MSSD). 

Estimation of body mass index (BMI): The height and 

weight of all the subjects were measured. BMI was 

calculated using the formula: weight in kilograms (kg) 

divided by height in meters (m) squared.

Measurement of blood pressure: Two readings were taken 

five minutes apart in the sitting position. The mean of the 

two was recorded as blood pressure.  

Measurement of heart rate (HR): The HR was obtained 

from counting total number of R–R intervals in one minute 

electrocardiogram recorded in lead II in supine position in 

completely relaxed state.

Assessment of QTc: Q –T intervals and the preceding R–R 

intervals were measured from the electrocardiogram 

tracing in lead II in supine position. Q –T interval was 

defined as the first deflection of the QRS complex and the 

end as the point of maximal change in the slope as the T 

wave merges with the baseline. QTc was calculated 

according to Bazzett's formula: QTc = measured QT/square 
(17)root of the R–R interval. 

Assessment of time domain measures of cardiac vagal 
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function: E:I ratio was quantified  during deep breathing 

and r-MSSD was quantified during  normal (spontaneous 

resting) breathing from lead II electrocardiogram tracing of 

60 seconds  recorded in supine position. 

Procedure followed in deep breathing test and estimation 

of E: I ratio:   This test was performed in the morning after 

subjects were completely relaxed. Before beginning the 

test, subjects were taught to breathe, at six breaths a 

minute: five seconds for each inhalation and five seconds 

for each exhalation. The examiner raised his hand to signal 

the start of each inhalation and lowered to signal the start 

of each exhalation. Lead II electrocardiogram was then 

recorded continuously at a speed of 25 mm/s for 60 

seconds while the subject breathed as instructed (Cardiart 

108T/MK-VII, BPL Ltd. Bangalore, Karnataka, India).  The R-

R intervals were measured accurately from lead II 

electrocardiogram recorded during deep breathing. The 

longest R-R interval during expiration and the shortest R-R 

interval during inspiration were expressed as Expiratory E: I 
(13)ratio. 

Recording and Assessment of r-MSSD: r-MSSD was 

est imated  f rom one  minute  rest ing  lead  I I  

electrocardiogram tracing obtained in supine position in 

completely relaxed state. All the R–R intervals were 

measured accurately and fed into a computer.  r-MSSD was 

then estimated with appropriate statistical functions using 

Microsoft Windows XP Professional (Microsoft 

Corporation, Redmond, WA, USA).

Steps followed in computing r-MSSD: 

 Step #1: The difference between the RR waveform and the 

delayed waveform was obtained. Step #2: The differences 

between the R–R intervals were squared. Step #3: sum of 

the squared differences were calculated. Step #4: The 

mean of the sum squared differences between the 

adjacent normal R–R intervals were derived. Step # 5: The 

square root of the mean of the sum squared differences 

between adjacent normal R–R intervals was derived. Step # 

6: The square root of the mean of the sum squared 

differences between the adjacent normal R–R intervals in 

the record was divided by the number of R–R intervals 

within a given time minus one R–R interval.

 Statistical analysis

Statistical analysis was performed suitably by employing, 

Students unpaired t test and Pearson Correlation 

Coefficient test. The level of significance was determined 

by two tailed test. Statistical significance was taken to be at 

p-value less than 0.05.

Results :

The results of data analysis are presented below with 

suitable subheadings

Baseline characteristics of study subjects

In a total of 141 healthy subjects enrolled into the study 87 

were males and 54 were females.  The age range was 34 

years to 79 years. The mean ± SD of age, BMI, blood 

pressure, HR,  QTc, E:I ratio and r-MSSD is presented in 

table 1

E: I ratio and r-MSSD in male and female study subjects

Data is presented as Mean ± SD. E: I ratio of males and 

females did not differ significantly (1.43 ± 0.13 vs. 1.39 ± 

0.14, t = 1.67, p = 0.09).  r-MSSD of males did not differ 

significantly compared to females (22.28 ± 12.64 vs. 23.94 

± 11.34, t = 0.778, p = 0.431 )

Correlation between E: I ratio and other measured 

parameters

Data on correlation between   E: I ratio and other measured 

parameters is presented in table 3 and fig.1 . There was 

significant negative correlation between E: I ratio and age 

(p = 0.0027, Table 2). There was no significant correlation 

between E:I ratio and body mass index, blood pressure, 

heart rate and Q-Tc ( Table 2). There was significant positive 

correlation between E:I ratio and r-MSSD ( p = 0.0064, 

fig.1).

Correlation between r-MSSD and other measured 

parameters

Data on correlation between   r-MSSD   and other 

measured parameters is presented in table 3. There was 

significant negative correlation between r-MSSD and age (p 



Variables Correlation

Coefficient

(r) values

Age (years) -  0.25 0.002
2Body mass index (kg/m ) 0.067 0.428

Systolic blood pressure (mmHg) 0.028 0.735

Diastolic blood pressure (mmHg) - 0.030 0.722

Mean arterial blood pressure (mmHg) 0.002 0.975

Pulse pressure (mmHg) 0.050 0.550

Resting heart rate (beats/minute) 0.006 0.935

Q-Tc - 0.074 0.379

p  value

= 0.0028, Table 3).  There was significant negative 

correlation between r-MSSD and systolic blood pressure, 

diastolic blood pressure, pulse pressure and mean arterial 

blood pressure ( p = 0.012, 0.0342, 0.0419, 0.01 

respectively, Table 3) . There was significant negative 

correlation between r-MSSD and heart rate (p = 0.0001, 

Table 3). There was no significant correlation between r-

MSSD and BMI, blood pressure, HR and QTc (Table 3).

Discussion :

E:I ratio quantified during deep breathing at 6 respiratory 

cycles/ minute and r-MSSD obtained during spontaneous 

breathing at rest in supine position are the two commonly 

used  indices of cardiac parasympathetic function. 

However, the influencing factors of parasympathetic 

activity reflected in these two indices are inconclusive. 

Therefore in this study we compared the characteristics of  

of E:I ratio and r-MSSD in relation to age, gender, BMI, 

blood pressure, heart rate and QTc in healthy subjects.

E: I ratio is a widely used indicator of parasympathetic 
(13)function.  r-MSSD is also an indicator of cardiac vagal 

(14and15)function.  Accordingly in our study significant positive 

correlation was observed between E: I ratio and r-MSSD 

(fig. 1). However this significance was at Pearson 

correlation coefficient 0.229.  This observation suggests 

that among the several determinants   of   cardiac 

parasympathetic activity, only some factors commonly 

influence E: I ratio and r-MSSD.
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Table 1. The baseline characteristics and cardiac 

autonomic function parameters in study subjects (values 

are mean ± SD)

Variables Data (Mean ± SD)

Age (years) 53.12 ± 9.67
2Body mass index (kg/m ) 22.50 ± 3.04

Systolic blood pressure (mm Hg) 122.65 ± 10.71

Diastolic blood pressure (mmHg) 80.80 ± 4.30

Pulse pressure (mmHg) 41.85 ± 8.62

Mean arterial blood pressure (mmHg) 94.75 ± 5.83

 Heart Rate  (beats/minute ) 79.79 ± 10.25

QTc 0.38 ± 0.018

E:I ratio 1.41 ± 0.13

r-MSSD (milliseconds) 22.92 ± 12.15

Table 2.  Correlation between E: I ratio   and baseline 

characteristics of healthy subjects

Table 3 Correlation between r-MSSD and other measured 
parameters in healthy subjects

Variables Correlation

Coefficient

(r) values

Age (years) - 0.25 0.002
2Body mass index (kg/m ) - 0.039 0.63

Systolic blood pressure (mmHg) - 0.21 0.01

Diastolic blood pressure (mmHg) - 0.178 0.03

Mean arterial blood pressure ( mmHg) - 0.216 0.01

Pulse pressure (mmHg) - 0.171 0.04

Resting heart rate (Beats/minute) - 0.391 0.0001

Q-Tc 0.089 0.291

p  value

Fig. 1 : Correlation between r-MSSD and E:I ratio in healthy 
subjects. Y + 0.0026x + 1.3585, n = sample size, r = 0.229, p = 0.006, 
where y = E:I ratio and x = r-MSSD.

Fig. 2 : Correlation between mean arterial blood pressure and r-
MSSD in healthy subjects. Y = -0.4502x + 65.579, where y = r-
MSSD and x = mean arterial blood pressure. n = sample size, r = 
0.216, p = 0.01



In the present study, significant negative correlation was 

observed between age and E: I ratio (Table 2). Significant 

negative correlation was also observed between r-MSSD 

and age (Table 3) suggesting vagal control   of heart reduces 

with ageing.   The effect of ageing on HRV is well known. All 

the studies involving to date have found progressive 
(18, 19, 20 and 21)reduction in the response with increasing age.  

Thus our data based on141 healthy subjects is in 

accordance with the findings of previous studies. 

In the present study, significant negative correlation was 

observed between r-MSSD and blood pressure including 

systolic, diastolic, pulse and mean arterial pressure (Table 3 

and Fig. 2). There was no significant correlation between E: 

I ratio and blood pressure (Table 2).  There are important 

effects of respiration on the heart and circulatory system. 

In the central nervous system there are interactions 

between pacemakers and efferent autonomic tone which 

directly affect heart rate and blood pressure. There are also 

variations in vagal tone that centrally mediated and related 

to respiration. These result in decreased vagal activity 

occurring during inspiration and an increased vagal activity 
(22)during expiration.  Thus it could be said that those 

components of cardiac parasympathetic activity involved  

in regulation of blood pressure influences  r-MSSD but not 

E:I ratio in healthy subjects. 

In the present study r-MSSD was negatively correlating 

with heart rate (Table 3) . But no significant correlation was 

observed between heart rate and E:I ratio (Table 2) . 

Resting heart rate is generally considered to be under vagal 
(23)tone.  Significant correlation observed only between r-

MSSD and heart rate  but not E:I ratio and heart rate 

suggests that , those aspects of vagal activity regulating   

heart rate is better quantified in r-MSSD but not in E:I ratio.

Thus based on our study findings it could be concluded that 

E: I ratio and r-MSSD are correlated.  Age is an influencing 

factor of E: I ratio and r-MSSD. Blood pressure and heart 

rate are the other determinants of r-MSSD but not of E:I 

ratio  in healthy subjects.
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