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as it can make artifact in recordings. The HRV was analyzed 

both by the time domain and the frequency domain methods 

during normal breathing by using PowerLab and LabChart 

data acqusition software which Record, measure and analyze 

beat-to-beat interval variation. After complete recording for 

15 minutes, the frequency domain and time-domain indices 

which were reported from the HRV recordings includes: 

 

Time domain 

Mean heart rate (Mean RR) 

SDNN - Standard deviation of all R-R intervals (ms) 

RMSSD - Square root of the mean of the successive 

differences between R-R intervals (ms) 

NN50 - number of interval differences of successive NN 

intervals greater than 50 ms 

PNN50 - Percentage of successive differences between R-R 

intervals greater than 50 ms (%) 

 

Frequency domain 

TF - Total power (µs
2
) 

VLF – Very Low frequency spectrum (µs
2
) (Between 0 and 

0.04 Hz) 

LF - Low frequency spectrum (µs
2
) (Between 0.04 and 0.15 

Hz) 

HF - High frequency spectrum (µs
2
) 

 (Between 0.15 and 0.45 Hz) 

LF/HF - LF/HF ratio  

 

3. Results 
 

Results were analyzed by SPSS version 17.0 and Graph pad 

prism. ANOVA and Student„t‟ test was used to compare the 

data of hypertensive and normotensive subjects. Data 

presented are mean+SD. The P values < 0.05 was statistically 

considered significant. 

 

Data presented in Table 1 shows Age, anthropometric and 

basal cardiovascular parameters of normotensive and 

hypertensive subjects. 

 

Data presented in Table 2 shows that there was significant 

rise in the systolic and diastolic blood pressure in 

Hypertensives as compared to Normotensives during the 

application of isometric handgrip exercise and cold pressor 

tests (p<0.05) and the increase was statistically significant 

(p<0.05). Both the SBP and DBP reponses to standing are 

also significantly higher in Hypertensives when compared to 

normotensives (p<0.01). 

 

Table 1: Mean ± SD values of Anthropometric and 

Physiological variables 
Variables Hypertensives 

(n=50) 

Normotensives 

(n=50) 

Age(yrs) 49.47±4.8 46.0 4.9 

Height (cms) 162.77±10.64 165.70 ± 9.56 

Weight(kgs) 76.13±4.9 68.11±4.3 

BMI (kg/m2 ) 27.6 3.8 25.9 3.6 

Heart rate (bpm) 75.7 9.3 69.2 9.0 

Blood Pressure(mm 

of Hg) 

SBP-159.83±10.2 

DBP-100.23±5.2 

SBP-124.63±10.2 

DBP-78.43±5.2 

 

Table 2: Statistical analysis of sympathetic function tests in 

Group I and Group II 
Variables Hypertensives 

(n=50) 

Normotensives 

(n=50) 

P value 

Isometric Handgrip SBP 12.2±1.2 8.3±1.3 <0.05* 

Isometric Handgrip DBP 12.1±1.4 8.1±1.2 <0.05* 

Cold Pressor Test SBP 12.2±1.6 8.2±1.4 <0.05* 

Cold Pressor Test DBP 13.1±1.8 9.1±1.4 <0.05* 

BP Response to standing 

SBP change 

7.0 ± 1.22 5.43±0.66 <0.01** 

BP Response to standing 

DBP change 

2.9 ± 0.41 2.2±0.43 <0.01** 

 

Data presented in Table 3 shows that there was significant 

increase in the Heart rate response to standing values in 

hypertensives when compared to normotensives (p<0.05). 

Valsalva ratio & Heart rate response to deep breathing 

(HRDB) was decreased in Hypertensives as compared to 

Normotensives (p<0.05). S: L ratio also decreased, and the 

decrease was statistically significant (p<0.05). 

 

Table 3: Parasympathetic function tests in Group I and 

Group II 
Variables Hypertensives 

(n=50) 

Normotensives 

(n=50) 

P 

value 

HR response to standing 

30:15 Ratio 

1.33±0.03 1.11±0.02 <0.05* 

Valsalva ratio 1.45±0.11 1.65±0.28 <0.05* 

HR response to deep 

breathing 

1.12±0.16 1.27±0.20 <0.05* 

 

Data presented in Table 4 shows that there was significant 

decrease in time domain indices of HRV in hypertensives as 

compared to normotensives. The value of SDNN in 

hypertensives was decreased as compared to the value in 

normotensives (38.91.4ms vs 56.7 3.1; p<0.0001). 

RMSSD, NN50 and pNN50% were also decreased in 

hypertensives when compared with normotensives and these 

values also significant statistically. 

 

Data presented in Table 5 shows that there was the frequency 

domain indices of HRV in hypertensives and normotensives. 

It shows that total power, VLF, LF and HF has distinctly 

declined in hypertensives when compared with 

normotensives. The decrease in frequency domain parameters 

in hypertensives was found statistically significant (p 

<0.0001) by student‟s t-test. 

  

Table 4: Time Domain Analysis of HRV between 

Hypertensives and Normotensives 

Variables Hypertensives 

(n=50) 

Normotensives 

(n=50) 

P value 

Mean RR (s) 0.842±0.132 0.978±0.141 0.0001** 

SDNN (ms) 38.9 1.4 56.7 3.1 0.0001** 

RMSSD 24.06±10.08 49.90 ± 21.86 0.0001** 

NN50 17.87±8.75 24.42±12.16 0.0026* 

PNN50 % 6.02±2.18 8.15±3.05 0.0001** 

 

Table 5: Frequency Domain Analysis of HRV between 

Hypertensives and Normotensives 

Variables Hypertensives 

(n=50) 

Normotensives 

(n=50) 

P value 

TP (µs2) 1563.6 138.5 2477.4 364.1 0.0001** 
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VLF (µs2) 832.6 79.1 1424.9 254.9 0.0001** 

LF (µs2) 487.8 54.2 1016.8 130.7 0.0001** 

HF (µs2) 222.8 29.1 511.6 90.5 0.0001** 

LF/HF ratio 326.6 20.6 303.7 35.8 0.0002** 

 

4. Discussion 
 

The results of the present study showed that the valsalva ratio 

and heart rate response to deep breathing in hypertensives 

were significantly lower as compared to the control group, it 

indicates base line levels of vagal cardiac nerve activity and 

vagally mediated arterial baroreceptor cardiac reflex 

responses are decreased in hypertensive subjects. This 

decreased parasympathetic activity leads to decreased heart 

rate variability with respiration, which is reflected in our 

study as decreased E: I and Valsalva ratio values in 

Hypertensives. The findings in our study correlated with the 

study conducted by Knut severe et al
9
. The results for the 

above mentioned tests are statistically significant. 

 

When a subject assumes an erect posture from supine 

posture, gravity causes pooling of blood in the lower limbs. 

As a result venous return, cardiac output and arterial BP 

decreases. This leads to decrease stretch of baroreceptors and 

activation of vasomotor center. This in turn leads to 

increased sympathetic discharge, decreased vagal tone and an 

instantaneous increase in HR and BP. In our study, Heart rate 

and BP response to standing values were increased in all the 

subjects but these values were significantly increased in 

hypertensive group when compared to the normotensive 

group. This finding indicates possible dysfunction of 

sympathetic and parasympathetic component of autonomic 

nervous system. The findings in our study correlated with the 

study conducted by WW McCrory, AA Klein et.al
11

.  

 

There was an increased blood pressure response to cold 

pressor test in the hypertensives in contrast to the control 

group. The afferent fibers for this response are the pain fibers 

which are stimulated by placing the hand in cold water and 

the efferent fibers are the sympathetic fibers. An increase in 

the blood pressure after the cold water immersion points 

towards sympathetic hyperactivity in hypertensives. 

Hypertension impairs autonomic control of heart rate and 

blood pressure. In our study there is significant rise in both 

systolic blood pressure and diastolic blood pressure in 

hypertensive group. The pattern of rise of blood pressure was 

within 30 seconds reaching its peak at around 60 seconds and 

the basal blood pressure was achieved within 2 minutes in 

normotensive subjects and prolonged pressor response was 

found in hypertensive patients. Generally, Cold pressor test is 

largely related to great sympathetic efferent discharge 

causing arterial vasoconstriction. Hypertensive subjects 

respond to cold pressor stimulus with a predominant rise in 

total peripheral resistance and also there were higher levels 

of plasma norepinephrine. The findings in our study 

correlated with the study conducted by Benetos A. and 

Douglas L. et.al
12, 13

. 

 

Isometric exercise produces a significant increase in blood 

pressure and heart rate, which can easily be elicited by using 

sustained hand grip. In hand grip test, increase in blood 

pressure is due to increased sympathetic activity mediated by 

the alpha adrenergic receptors of the autonomic nervous 

system. An increase in heart rate in response to handgrip is 

due to impulses from the Limbic cortex, motor cortex and the 

proprioceptors within small hand joints acting as afferent 

inputs into the medullary cardiac centres causing inhibition 

of cardiac inhibitory centre, decrease in vagal tone and 

increase in heart rate. The results of the present investigation 

have demonstrated that sustained handgrip causes significant 

increase in arterial pressure in hypertensive patients. The 

findings in our study correlated with the study conducted by 

S.G. Chrysant et.al
10

. 

 

The current study also demonstrated that heart rate variability 

both in time and frequency domains, is diffusely decreased in 

hypertensives as compared with normotensives. This 

reduction reflects the degree of cardiac autonomic activity 

determined by the baroreceptor reflexes, which are impaired 

in hypertensives. The significant decrease in VLF, LF, HF 

(ms
2
) (Frequency Domain Parameters) in hypertensives 

indicates sympathetic over-activity, reduced parasympathetic 

activity and sympathovagal imbalance in hypertension. 

Increased LF / HF ratio in hypertensives also indicating 

sympathetic overdrive and sympathovagal balance. All time 

domain parameters like SDNN, RMSSD, NN50, Pnn50% 

were reduced in hypertensives as compare to normal subjects 

reflects both sympathetic and parasympathetic activity which 

predict increased risk for subsequent cardiac events in 

hypertensives. The findings in our study correlated with the 

previous studies 
16, 17, 18, 19

.  
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6. Conclusion  
 

Hypertension is associated with both sympathetic and 

parasympathetic nervous system dysfunction which may 

result in various cardiovascular complications. From present 

study it indicates that hypertensives had markedly depressed 

HRV and abnormal autonomic reflexes which reflects 

sympathovagal imbalance. So, if  this dysfunction is 

diagnosed early by doing various autonomic function tests 

and HRV, it will  be of great help in identification of those 

which are prone to risk of various cardiovascular 

complications. 
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