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Introduction: 

Smoking affects the cardiovascular system by several 

mechanisms. Smoking impairs  baroreflex sensitivity 

in humans which may contribute to the smoking 

induced increase in blood pressure and heart rate as 

well as to the concomitant alterations in their 

variability.(1)The autonomic neurohumoral response 

evoked by smoking results in down regulation of 

beta-adrenergic receptors in long term     smokers . (2)  

In recent years , study of cardiac autonomic 

modulation in human subjects has been greatly 

facilitated by the development of computer based 

method for spectral analysis of heart rate variability 

and spontaneous  baroreflex function. It is well 

established that high frequency power heart rate 

variability is mediated by parasympathetic nervous 

system modulation .(3,4,5  )  

Beat to beat parasympathetic nervous control of heart 

rate can also be evaluated noninvasively by 

simultaneous recording of ECG and arterial blood 

pressure. (6 ) Sustained handgrip test and valsalva 

ratio are both one of reliable and stable parameters of 

autonomic function tests . With this background in 

mind ,  present study was planned to study the effect 
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of smoking on sustained handgrip test and valsalva 

ratio among smokers. 

Materials and Methods:  

Hundred male subjects who were in the age group of 

25 to 40 years, who included 50 smokers and 50 non 

– smokers who formed the control group were 

selected for the present study. The participant 

subjects were selected from among the staff 

members, residents and the patients from the routine 

OPD. Prior informed written consents were obtained 

from them after explaining to them, the procedure 

and the purpose of the study tests.  

The sample size was confirmed with the help of 

expert from our university.  

Inclusion Criteria:  

Case Group: Smokers with history of smoking for 

more than 5years with no history of any major illness 

like Hypertension, Diabetes Mellitus, and Peripheral 

Neuropathy in past or present were considered as 

case group for present study. 

Control Group : Subjects who had never smoked in 

life and not having any other addiction related to 

tobacco and with no history of any major illness like 

Hypertension ,Diabetes Mellitus ,Peripheral 

Neuropathy in past or present were considered as 

control group for present study. 

Exclusion criteria: 

Case Group:  Smokers with history of smoking for 

less than 5years were excluded from present study. 

Subjects with history of any major illness like 

Hypertension, Diabetes Mellitus, and Peripheral 

Neuropathy in past or present were also excluded 

from present study. 

Control Group: Subjects with any form of addiction 

were excluded from present study. Subjects with 

history of any major illness like Hypertension, 

Diabetes Mellitus, and Peripheral Neuropathy in past 

or present were excluded from present study. 

The detailed personal history of the participants like 

type of diet, habits, addictions, occupation and past 

history was recorded.  

Smoking Index: 7 

It is a parameter used to express smoking exposure 

quantitatively. This is especially useful in defining 

risk ratio of a smoking related disease. Here smoking 

Index is calculated by multiplying average number of 

cigarettes smoked per day & duration of smoking in 

years. 

The number of cigarettes means average numbers of 

cigarettes smoked per day in last seven days.  

According to Smoking Index the smokers were 

classified into:  

1. Light smokers: Smoking intake (1-100) 

2. Moderate smokers : Smoking intake  (101-

200 ) 

3. Heavy smokers: Smoking intake  ( >201 ) 

Sustained handgrip test and valsalva were assessed 

by using a CANWIN AUTONOMIC ANALYSER 

which was available in the department. 

 Subjects were called in the morning. The body 

weight and height were measured from a standard 

measuring scale without footwear and subsequently 

Body Mass Index (BMI) was calculated.  

Valsalva ratio: Subject was asked to sit comfortably. 

Heart rate was recorded at rest with ECG. Subject’s 

nose was clipped with nose clip and a mouth piece 

was inserted between teeth and lips. The other end of 

mouthpiece was connected to mercury manometer. 

Subject was asked to blow air into the mouthpiece 

and maintain the pressure at 40 mmHg for 15 

seconds. ECG was continuously recorded.  

This test is an index of the degree of autonomic 

deficiency especially parasympathetic activity.  
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Sustained Handgrip Test: The subject was asked to 

hold spring dynamometer in left hand and compress 

it maximally and the value was noted. Then he was 

asked to hold spring dynamometer in left hand and 

compress it to upto 30% of maximum and hold it  for 

4 minutes. The rise in Diastolic blood pressure at the 

point just before the release of handgrip was noted.  

This test is an indicator of sympathetic insufficiency.  

 

Observations:  

Table No.1: Comparison of mean values of Valsalva ratio in smokers and non-smokers (Para sympathetic 

function test) 

 Smokers  

(n=50) 

Non-smokers  

(n=50) 

Z test value  ‘p’ value  Significance  

Mean ± SD  Mean ± SD 

Valsalva Ratio  2.87 ± 1.09 

 

4.89 ± 1.24 8.66 p<0.01 Highly significant  

Table No.2: Comparison of mean values of sustained handgrip test  in smokers and non-smokers: 

(Sympathetic function test) 

Table No. 3: Correlation of Smoking index and Valsalva Ratio: 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

Smokers 

(n=50) 

 

Non- 

smokers (n=50) 

 

Z test value  

 

‘p’ value  

 

Significance  

Mean ± SD Mean ± SD 

Sustained handgrip Test 

(Rise in diastolic Pressure) 

(mmHg) 

 

6.12±2.8 

 

9.06±3.64 

 

4.53 

 

p<0.01 

 

Highly significant  

 

 

Smoking Index 

 

Valsalva Ratio 

Mean ± SD 

1-100 

(Light smokers ) 

(n=31) 

3.66+2.78 

101- 200 

(Moderate smokers) 

(n=11) 

3.14+2.67 

Above 200 

(Heavy smokers) 

(n=8) 

1.81+2.47 
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Table No. 4: Correlation of Smoking index and Sustained handgrip test :  

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion:  

In India smoking is a common habit prevalent in both 

urban and rural area irrespective of the item smoked 

i.e. cigarettes, bidis, pipes, cigar, hookah etc. About 

17% smokers in the world live in India. (8) Smoking 

has been identified as a major coronary heart disease  

risk  factor with several possible mechanisms like 

carbon monoxide induced atherogenesis ,nicotine 

stimulation of adrenergic drive raising both blood 

pressure and myocardial oxygen demand , lipid 

metabolism with fall in protective high density 

lipoproteins etc.(9) The degree of risk of developing  

coronary heart disease is directly related to the 

number of cigarettes smoked per day .(10)  Regular 

smokers are estimated to live to 2.5 to 10 years less 

than nonsmokers.(11)   

            Smoking affects cardiovascular system by 

several mechanisms. Hemodynamic effects of 

smoking appear to be mediated by nicotine. Such 

effects cause increase in myocardial work. 

Nicotine increases cardiac output by increasing 

both heart rate and myocardial contractility.(12) 

Autonomic  alterations may contribute to the 

increased cardiovascular risk present in smokers.  

The pressor and tachycardial effects of cigarette 

smoking are associated with an increase in plasma 

catecholamines , suggesting the dependence of 

these effects on adrenergic stimulation. Smoking is 

accompanied by a  marked and prolonged increase 

in heart rate and blood pressure.(13) Smoking 

impairs  baroreflex sensitivity in humans which 

may contribute to the smoking induced increase in 

blood pressure and heart rate as well as to the 

concomitant alterations in their variability.(14)The 

autonomic neurohumoral response evoked by 

smoking results in down regulation of beta-

adrenergic receptors in long term     smokers . (15)  

After applying the ‘Z’-test for the difference between 

the two sample means, it was observed that there was 

no significant difference between the mean values of 

the Postural hypotension test (i.e. p>0.05) and that 

there was a highly significant difference between the 

mean values of the Sustained handgrip test in the 

smokers and the non – smokers (i.e. p<0.01) 

In present study after statistical analysis, it is seen 

that significant changes were found in 

Above 200 

(Heavy smokers) 

(n=8) 

5.87 ± 2.47 

 

Smoking Index 

Sustained 

Handgrip Test 

Mean ± SD 

1-100 

(Light smokers ) 

(n=31) 

6.16 ± 3.0 

101- 200 

(Moderate smokers) 
(n=11) 

6.18 ± 2.67 

Above 200 

(Heavy smokers) 

(n=8) 

5.87 ± 2.47 
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parasympathetic & to some extent in sympathetic 

autonomic function tests in smokers as compared to 

nonsmokers. Valsalva ratio is one of  reliable 

indicator of parasympathetic activity which  is 

responsible for recovery of heart rate after strenuous 

activity like Valsalva maneuver. The manoeuvre 

creates a high intrathoracic pressure which evokes a 

complex circulatory response with four phases. Our 

study shows that smokers (4.89 + 1.24) have a lower 

value of Valsalva ratio compared to nonsmokers 

(2.87+1.09) indicating derangement of  

parasympathetic function. Other research workers 

G.A.Gould et al (1986)16, Mervi et al (1994)17 and 

Beatriz et al  (2011) 18 etc.also found similar results.  

In sustained handgrip test we measured the rise in 

diastolic blood pressure at the point just before the 

release of handgrip.  In the present study it was seen 

that rise in diastolic pressure was significantly less in 

smokers (6.12+ 2.8) as compared  to nonsmokers( 

9.06+ 3.64)  suggesting decrease in sympathetic 

reactivity. Mervi et al (1994) also found rise in 

diastolic pressure was significantly less in smokers as 

compared  to nonsmokers suggesting decrease in 

sympathetic reactivity. 17 As far as Valsalva ratio is 

concerned, it is observed that value is higher in our 

study (2.87) as compared to other workers (1.03-

1.28), which could be possibly due to partial inability 

of the subjects to raise and sustain mercury column at 

the required level and hence inadequate execution of 

the procedure, introducing some inaccuracy in 

method.   

Limitations of Present study: In this study, baseline 

activities of parasympathetic & sympathetic systems 

were studied excluding the acute effects of smoking. 

Conclusions:  Cardiovascular autonomic function 

tests are reliable, noninvasive and easy to carry out . 

By using these simple tests, we can detect early 

involvement of autonomic nervous system before 

clinically related symptoms appear and thus are 

useful in taking steps to prevent further progress of 

the disease.  
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