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CLINICO-PHYSIOLOGIC SIGNIFICANCE OF HEART RATE 
VARIABILITY IN CHRONIC ISCHEMIC HEART DISEASE 

D. Zemaityte 
Institute Psychophysiology & Rehabilitation c/o Kaunas University of Medicine, Palanga, Lithuania 

SUMMARY 
The paper represents of the results of analysis of heart rate variability (HRV) in patients with chronic ischemic 

heart disease (IHD) in the context of search for informative characteristics for prognoses of IHD development and 
its end-points based on data of 297 healthy subjects and 4561 IHD patients (pts) (range of age was 20-
HRV was analyzed by means of calculation of HR power spectrum, HR responses to complex of tests (active or-
thostatic test, bicycle ergometry, night sleep), non-linear dynamics analysis methodology and baroreflex sensitivi-
ty. There was shown, that the pattern of HRV depend on level of development of IHD and its complications or 
leading pathology, having an impact to HR parameters due changes of mechanism and particular point of influence 
to HR autonomic control. The level of impact depends of the changes in cardiovascular functional state, particular-
ly of development of congestive heart failure. HRV changes were dependent on increase of an impact of humoral-
metabolic HR control due to depression of nervous reflex control, particularly parasympathetic one. Because of 
that, changes of HRV in IHD pts enable to follow the tendencies of development and treatment efficacy. As it was 
shown for myocardial infarction, in chronic IHD pts, there were possibility to use HRV characteristics, reflecting 
parasympathetic control, for cardiac death prognoses. 

KEY WORDS: of heart rate variability, ischemic heart disease, cardiac death, prognoses, informative parame-
ters 
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RESPIRATORY SINUS ARRHYTHMIA (RSA): NONINVASIVE 
MEASURE OF PARASYMPATHETIC CARDIAC CONTROL IN NEWLY 
DIAGNOSED HYPERTENSIVES AND THE INFLUENCE OF 
ABDOMINAL BREATHING 

J. Srinivasa,  M. Ramesh Bha., M.R. Prabha Adhikari  
Department of Physiology, Kasturba medical college, India 

SUMMARY  

Introduction: Respiratory sinus arrhythmia is a valuable  tool for determining autonomic nervous system con-
trol of cardiovascular function and an important index of autonomic nervous system pathology   

Objectives: The present study was conducted to compare the amplitude of respiratory sinus arrhythmia (ex-
pressed as Heart rate variability) in normotensive individuals and freshly diagnosed hypertensive subjects and to 
detect any influence of abdominal breathing in freshly diagnosed hypertensives 

Materials and Methods: 50 Normotensive and 50 age matched hypertensive subjects were selected for the 
study.The subjects were instructed to breathe normally for first minute then during the second minute , subjects 
were requested to do conventional deep breathing using chest muscles (Intercostals chiefly). The subjects then 
performed abdominal breathing during the third minute, while electrocardiogram(ECG)in limb lead was being 
recorded and changes in heart rate was manually measured. 

Results: The mean heart rate variability of newly diagnosed hypertensives was 6.30 1.11 for normal breath-
ing, 12.48 1.64 for  conventional deep breathing and 15.56 2.54 for abdominal breathing and mean heart rate 
variability of normotensive subjects was 8.10 2.25 (P<0.0001) for normal breathing,18.08 5.12 (P<0.0001) 
for deep breathing using chest muscles and 20.68 6.28 (P<0.0001) for abdominal breathing. 

Discussion and Conclusion: The newly diagnosed hypertensive subjects had significantly reduced heart rate 
variability ( amplitude of RSA) compared to age matched controls, which improved with abdominal breathing 
Thus the deleterious effect of reduced HRV can be revered to an extent through proper abdominal breathing in 
the hypertensive subjects as well as in  controls as shown in our study.  

KEY WORDS: heart rate variability, newly diagnosed hypertension, respiratory sinus arrhythmia, abdominal 
breathing 
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INTRODUCTION 
In normal subjects the heart rate constantly al-

ter from moment to moment. The most obvious 
variation in the rate is associated with breathing 
and appropriately named respiratory sinus ar-
rhythmia with increase during inspiration and 
decrease during expiration. Wheeler and Watkins 
first suggested that the difference between maxi-
mum and minimum heart rate with deep breathing 
might serve as a clinical measure of cardiac vagal 
autonomic function [1]. Katona and Jih who in 
1975 measured the heart period and respiratory 
sinus arrhythmia of anesthetized dogs while con-
trolling vagal nerve activity by cooling and re-
warming the cervical vagus nerve confirmed this 
observation. The authors demonstrated a linear 
relationship between parasympathetic control and 
the variation in heart period, thus supporting the 
use of magnitude of respiratory sinus arrhythmia 
as a non-invasive measure of parasympathetic 
cardiac control. This linear relationship was un 
changed by modifying vagal tone with alterations 
in blood pressure or by changes in cardiac sympa-
thetic function induced by beta adrenoreceptor 
blockade [2]. In an era of sophisticated tests of 
the autonomic system like Holter monitoring 
with an elaborate analytic system, including 
computerized power spectral analysis of heart 
rate variability, the purpose of this study was to 
evaluate a simple autonomic test (originally 
used to determine diabetic autonomic neuropa-
thy) that compares the amplitude of respiratory 
sinus arrhythmia [Heart rate variability (HRV)] 
in normotensive and newly diagnosed hyperten-
sive subjects. The present study in addition ad-
dress to see whether the abdominal breathing 
brings any change in respiratory sinus arrhyth-
mia. 
MATERIALS AND METHODS 

 50 normotensive and 50 age matched hyper-
tensive subjects (attending to K.M.C. Hospital, 
Attavar, Mangalore) aged 40-60 years were se-
lected for the study. 

Hypertensive Subjects (n=50): 
Inclusion criteria: newly diagnosed hyper-

tensive subjects  
Exclusion criteria:   

1)    Diabetes mellitus 
2)    Congestive cardiac failure 
3)    Symptomatic coronary artery disease 
4)    Atrial fibrillation 
5)    Frequent ectopic beats 

Normotensive Subjects:  
50 healthy age matched normotensive control 

who fulfilled the following criteria were chosen 
as control subjects: 

1) No signs of cardiac, vascular or neuro-
logical involvement.  

2) No history of diabetes mellitus, hyper-
tension.  

3) No history of drug treatment. 
4) No history of systemic illness.  
In these subjects fasting blood sugar was in-

vestigated and conventional 12 lead ECG was 
taken.  
Methods: For the purpose of this newly diag-
nosed hypertension (stage-1) was defined as sys-
tolic B.P of 140-159 mm of Hg and diastolic B.P 
of 90-99 mm of Hg or when systolic and diastol-
ic pressure fell into different categories, the 
higher category being selected to classify the 

 blood pressure [5]. All subjects 
were clinically examined and detailed history 
was taken with reference to family history, per-
sonal history like smoking, alcoholic etc, previ-
ous drug history. Physical examination was 
done. Blood pressure was recorded in supine 
position. Three reading was taken and average 
of second and third was used for the study. BP 
was recorded after standing for two minutes to 
see for postural changes. Pulse rate, rhythm and 
character was also assessed. A clinical examina-
tion to exclude peripheral neuropathy was done. 
The following laboratory investigations were 
performed in all the hypertensive subjects i.e., 
fasting blood sugar, blood urea, serum creati-
nine, ECG in conventional twelve leads.  

Method of test of heart rate variability: The 
key parameter in this study were heart rate varia-
bility (HRV) expressed by respiratory sinus ar-
rhythmia based on the method described by origi-
nally Wheeler and Watkins (1973) and subse-
quently by Benett et.al. [3] and Mackay J D et.a.l 
[4]. The test was conducted with the subjects in 
supine position connected to the limb lead of a 
standard ECG. Subjects had to be in stabilized 
condition. This test was performed in the morn-
ing after the subjects had been in supine position 
for ten minutes. In the first minute, the subjects 
were instructed to do normal breathing to see the 
amplitude of respiratory sinus arrthymia then 
before beginning the conventional deep breath-
ing test subjects were taught to breath at a rate 
of 6 respiration cycles/minute: 5 seconds for 
each inhalation and 5 seconds for each exhala-
tion. A single examiner who raised his hand to 
signal the start of each inhalation and lowered it 
to signal the start of each exhalation performed 
the test. In the second minute the subjects were 
instructed to do conventional deep breathing 
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using chest muscles (intercostals  chiefly) to see 
the maximum amplitude of RSA and then in 
third minute the subjects were instructed to do 
abdominal breathing where in the abdomen is 
pushed out during inspiration and drawn in dur-
ing expiration, with diaphragm being the main 
muscle in action.ECG in lead two was then rec-
orded continuously at a speed of 25 mm/second 
for three minutes, while the subject breathed as 
instructed. The R-R interval was measured man-
ually with a scaled caliper. R-R intervals adja-
cent premature ventricular contractions were 
excluded from the analysis. The change in heart 
rate was calculated as the difference between the 
shortest and the largest R-R interval.  

HRV = [1500 / Shortest R-R Interval (mm)      
1500 / Longest R-R Interval (mm)]  
measured in beats/minute. 
The 1 minute deep breathing heart rate varia-

bility test was chosen as a short bed side test 
based on the experience achieved in testing au-
tonomic nervous control of the heart in patients 

with diabetes mellitus. On the basis of this study 
a test result was  pre-specified  normal if there 
was a difference of 8 beats or more per minute 
between shortest and the fastest heart for normal 
breathing.  On the basis of the previous study , 
deep breathing test was pre-specified as normal 
if there was a difference of 15 beats or more per 
minute between shortest and the fastest heart 
(4). 

-
pare the data of hypertensive and normotensive 
subjects. Mann-Whitney test was analyzed the 

showed significant difference between standard 
deviation. P value <0.05 was considered sta-
tistical significant.  
RESULTS AND DISCUSSION 

The systolic and diastolic blood pressure was 
higher among hypertensive subjects than normo-
tensive subjects (table 1). 

Table 1 
Shows Age, BMI (Body mass index), Systolic blood pressure,  

Diastolic blood pressure of hypertensive and normotensive subjects 
 Normotensive 

subjects(n=50) 
Hypertensive 

subjects(n=50) P value 
Age(yrs)   0.188(N.S) 
BMI(Kg/M2)      0.284(N.S) 
Sex  (No)    
male 26(52%) 22(44%) N.S 
female 24(48%) 28(56%) N.S 
Blood pressure    
Systolic (mm of Hg)           <0.0001 
Diastolic(mmof Hg)   <0.0001 

 
 

The mean values of HRV (amplitude of res-
piratory sinus arrhythmia) during normal breath-
ing and conventional deep breathing using chiefly 
chest muscles were significantly lower in hyper-
tensive subjects than in normotensive subjects 

(table 2).  
The mean HRV during abdominal breathing 

was significantly lower in hypertensive subjects 
compared to controls (table 3). 

Table 2 
Shows mean HRV in hypertensive and normotensive subjects 

 Normotensive subjects Hypertensive subjects P value 
MeanHRV in normal breathing   <0.0001 
Mean HRV during deep breathing   <0.0001 

  
Table 3 

Shows the mean HRV during abdominal breathing in hypertensive and normotensive subjects 
 Normotensive subjects Hypertensive subjects P value 
Mean HRV   <0.0001 

 
The difference between the HRV (amplitude 

of respiratory sinus arrthymia) during normal, 
conventional deep and abdominal breathing was 
calculated for each member in the cases and con-
trols. The HRV was significantly higher in con-
ventional deep breathing and abdominal breathing 

compared to normal breathing in both cases and 
controls and the significance of HRV was higher 
in the abdominal breathing. There was significant 
difference in HRV between conventional deep 
breathing and abdominal breathing in hyperten-
sive and normotensive subjects (table 4). 
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Table 4 
Shows the difference between HRV (expressed as amplitude of RSA) during normal, conventional  

deep and abdominal breathing in newly diagnosed hypertensive and normotensive subjects 
 Normotensive subjects Hypertensive subjects P value 
Deepbreathing- normal breathing   <0.001 
Abdominal breathing-normal breathing   <0.0001 
Abdominal breathing-deep breathing   <0.05 

 
Cardiac function is regulated by various in-

trinsic and extrinsic mechanisms. Heart rate is 
regulated mainly by the autonomic nervous sys-
tem. Sympathetic nervous activity increases 
heart rate, whereas parasympathetic (vagal) ac-
tivity decreases heart rate. When both systems 
are active, the vagal effects usually dominate. 
The following reflexes regulate heart rate: baro-
receptor, chemoreceptor, pulmonary inflation, 
atrial receptor (Bainbridge) and ventricular re-
ceptor reflexes. The principal intrinsic mecha-
nisms that regulate myocardial contraction are 
the Frank-Starling mechanism and rate-induced 
regulation [6]. 

Previous studies have shown that cardiovas-
cular autonomic regulation is impaired in un-
treated or poorly controlled systemic hyperten-
sion but there has been limited information on 
HRV in systemic hypertension with abnormali-
ties of autonomic regulation of heart rate [7,8]. 
To our knowledge, this is the first study that 
compares  the  heart rate variability(expressed as 
amplitude of RSA) during normal and conven-
tional deep breathing between normotensive and 
hypertensive subjects. The maximum HR-
minimum HR was used as a index in this study 
to measure RSA and hence parasympathetic car-
diac control. 

A) Our study clearly shows that hypertensives 
definitely have blunted parasympathetic cardiac 
control (expressed as RSA) compared to controls. 
Documented studies using RSA as an index of 
parasympathetic cardiac control for comparison 
of controls and hypertensives are few. 

Drummond P.D studied the amplitude of RSA 
while breathing quietly in 32 normotensive con-
trols and 28-hypertensive group. The amplitude of 
RSA in the hypertensive group was smaller [9]. 

Allicardine studied 13 un treated hyperten-
sives and 10 normotensives. Average variation of 
heart rate period was used as an index of para-

sympathetic cardiac control. Controls were de-
rived following pharmacological blockade of the 
sympathetic nervous system by propranolol and 
parasympathetic system with atropine. Results 
indicated diminished parasympathetic control of 
heart rate in hypertensives [10].  

B) Sun F L and Yan YA had studied the ef-
fects of various quigong breathing (abdominal 
breathing) patterns on HRV and found that the 3 
out of the 4 quigong modes could indirectly regu-
late the function of the viscera, including the 
heart by controlling the direct breathing patterns 
[11]. 

Cowan et.al. had analyzed HRV after the bio-
feedback training on 6 sudden cardiac arrest sur-
vivors. The physiological  theoretical basis of 
the training was cognitively inducing respiratory 
sinus arrhythmia. After a training period of 5 
weeks, an increase in the respiratory driven para-
sympathetic activity was found, with a decrease 
in the sympathetic activity [12]. 

The present study also showed HRV (hence 
the parasympathetic cardiac control) was higher 
in abdominal breathing compared to normal and 
conventional deep breathing. Reduced heart rate 
variability(HRV) is associated with an increased 
risk of  cardiac and overall mortality and the 
occurrence of life threatening arrhyth  
So from this method the deleterious effect of re-
duce HRV to certain extent can be revered by 
abdominal mode of breathing. 
CONCLUSION 

The newly diagnosed hypertensives had re-
duced HRV (amplitude of RSA) compared to 
controls. Apparently, the parasympathetic activity 
increases with the abdominal mode of breathing 
in the hypertensives and controls. Long term stud-
ies are needed to see the effect of abdominal 
breathing on HRV and whether this can have any 
therapeutic value in the hypertensive patients. 
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