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INTRODUCTION:  
Smoking is a worldwide major cause of preventable morbidity and 
mortality [1]. About 17% smokers in the world live in India [2]. 
Presently, nearly 2200 people per day and 9 lacs every year die in India 
due to tobacco related diseases. The Health Ministry has estimated that 
40% of India's health problems stem from tobacco use [3]. The health 
and lifestyle factors, together with the genetic makeup of an individual, 
determine the response to these changes [4]. Heavy smoking is the 
commonest cause of ischemic heart disease and death in the 30–40 
years of age group, who are likely to be free from other myocardial risk 
factors [5]. Heart rate variability (HRV) and the deep breathing test 
(DBT) represent common quantitative markers of ANS activity due to 
their simplicity and reliability. Autonomic nervous system plays a vital 
role in the regulation of cardiovascular activities [6] and balance 
between its two components i.e. sympathetic and parasympathetic 
system is responsible for the efcient control of cardiovascular system. 
[7,8,9]. Heart rate variability measures the variation in the S-Anode 
due to sympathovagal change [10]. Smoking is said to increase arterial 
pressure and heart rate acutely [11-16]. The acute effect of smoking is 
mainly due to nicotine while reduction in cardiac vagal tone is 
responsible for chronic effects [17]. Although smoking increases 
arterial pressure and heart rate acutely, the effect of smoking on 
sympathetic activity is not well understood. Smoking or nicotine 
infusions have been shown to decrease not change, to increase plasma 
norepinephrine levels and to decrease or not change directly recorded 
muscle sympathetic nerve activity [18-21]. Classical autonomic 
function tests are simple non-invasive methods for determination of 
both sympathetic & parasympathetic divisions of cardiovascular 
autonomic control in clinical setting. [22, 23] The present cross 
–sectional study was therefore planned to assess the effects of cigarette 
smoking on sympathetic & parasympathetic activity on cardiovascular 
system.

AIMS AND OBJECTIVE: 
To assess the effect of active smoking on ANS function as manifested 
by Heart rate variability or deep breathing test abnormalities. 

MATERIAL AND METHODS:
Study Design:   
A cross-sectional study was done after the institutional ethical 
committee approved the research protocol, and all participants 
provided written informed consent study in Madhubani Medical 
College and Hospital, Madhubani, Bihar for a period of 12 months 
from April 2021 to March 2022. 

Participants:  
80 healthy adult male cigarette smokers aged between 20-55 years.

METHODS:  
80 healthy adult male cigarette smokers aged between 20-55 years, 
smoking for one year from local area were selected for study. They 
constitute the study group (cases). According to calculation of 
smoking index, our study group falls in Light smoker's category 
(smoking index 1-100). Autonomic function tests of these smokers 
were compared with 80 healthy adult non-smokers males with age and 
BMI (Body mass index) matched. Who served as control group. 
Anthropometrical measurements were taken along with preliminary 
clinical examination to exclude any systemic disorders affecting 
cardiovascular system for all the subjects. Autonomic function tests 
were performed as follows on each subject in an environment with the 

o oroom temperature ranging from 23 C to 25 C using computerized 
Polyrite -D (ModalDSMP0410, RMS, Chandigarh, India).

Inclusion criteria and Exclusion criteria:
Smokers with a history of smoking of more than 6 years were 
considered as the case group for the present study. Those with a 
history of smoking of less than 6 years were excluded from the 
present study. Also, the subjects with a history of any major illness 
like Hypertension, Diabetes Mellitus, and Peripheral Neuropathy 
in the past or present were also excluded from the present study.

The Smoking Index: 
This is a parameter which is used to express the smoking exposure 
quantitatively. This is especially useful in dening the risk ratio of 
a smoking related disease. Here, the smoking index was calculated 
by multiplying the average number of cigarettes which was 
smoked per day and the duration of the smoking in years. The 
number of cigarettes meant the average numbers of cigarettes which 
was smoked per day. According to the Smoking Index, the smokers 
were classied into: 
1.  Light smokers (Smoking index 1-100)
2.  Moderate smokers (Smoking index 101-200) 
3.  Heavy smokers (Smoking index >201)

Parasympathetic Function Tests:   
The Resting Heart Rate:  
The subjects were asked to lie comfortably for 15 minutes. The ECG 
was recorded continuously for 1 minute. The resting heart rate was 
calculated.

The Expiration–Inspiration Ratio (E: I Ratio):  
The subjects were asked to take deep inspirations for 5 seconds, 
followed by deep expirations for 5 seconds. The ECG was recorded for 
3 such cycles. This test is based on the sinus arrhythmia during each 
respiratory cycle, which depends on the variation in the vagal tone. 
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ABSTRACT
Background: Cigarette smoking is major risk factor for the Smoking is mediated by impaired autonomic nervous system (ANS) activity. 
development of atherosclerosis. Cigarette smoking alters baseline sympathetic and vagal modulation of the sinoatrial node (S-A Node) and 
peripheral sympathetic vascular control. Aims & Objective: To assess the effect of active smoking on ANS function as manifested by Heart rate 
variability or deep breathing test abnormalities. The present cross sectional study was carried out in the Department of  Methods And Materials: 
Physiology, Madhubani Medical College, Madhubani, Bihar during April 2021 to March 2022 and it was approved by the Institutional Ethical and 
Research Committee. Result: The difference was observed between the mean values of the Para sympathetic function tests in the smokers and the 
non – smokers (i.e. p<0.01). It was seen that the Resting Heart Rate had signicantly increased and that the Expiration: Inspiration Ratio, the 30:15 
Ratio (Response to standing) and the Valsalva Ratio had signicantly decreased in the smokers as compared to those in the non – smokers.     
Conclusion: The cardiovascular autonomic function tests are reliable, non-invasive and easy to carry out. By doing some simple tests we can 
detect the early involvement of the autonomic nervous system before the clinical symptoms appears. The results of this study are suggestive of 
decreased sympathetic reactivity in smokers.
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The 30:15 Ratio: (Response to standing): 
The subjects were asked to lie down comfortably over the couch and 
then they were asked to stand up. Their heart rates were recorded at the 
15th and 30th beats immediately after standing.

The Valsalva Ratio: 
The subjects were asked to sit comfortably. Their heart rates were 
recorded at rest, with the ECG. Their noses were clipped with nose 
clips and mouth pieces were inserted between their teeth and lips. The 
other ends of the mouthpieces were connected to mercury 
manometers. The subjects were asked to blow air into the mouthpieces 
and the pressure was maintained at 40 mmHg for 15 seconds. The ECG 
was continuously recorded. The Valsalva ratio was calculated as the 
ratio of the longest RR interval after the strain to the shortest RR 
interval during the strain. 

Sympathetic Function Tests 
The Postural Hypotension Test (Postural challenge test): 
The subjects were asked to lie comfortably in the supine position for 15 
minutes and their blood pressures were recorded. They were then 
asked to stand up and their blood pressures were recorded immediately 
and after 1 minute. 

The Sustained Handgrip Test: 
The subjects were asked to hold spring dynamometers in their left 
hands and to compress them maximally and the values were noted. 
Then they were asked to hold the spring dynamometers in their left 
hands and to compress them to up to 30% of the maximum and to hold 
them for 4 minutes. The rise in the diastolic blood pressure at the point, 
just before the release of the handgrip, was noted. This test is an 
indicator of the sympathetic insufciency.

Statistical Analysis: 
The collected data was analyzed by using the SPSS software.

RESULTS:   
The difference was observed between the mean values of the Para 
sympathetic function tests in the smokers and the non – smokers (i.e. 
p<0.01) It was seen that the Resting Heart Rate had signicantly 
increased and that the Expiration:
Inspiration Ratio, the 30:15 Ratio (Response to standing) and the 
Valsalva Ratio had signicantly decreased in the smokers as compared 
to those in the non – smokers. In the present study 80 smokers of age 
range 20-55 years were compared with 80 healthy non-smokers of 
same age and BMI matched. The parameters studied were shown in 
Table -1

Table 1 Baseline characteristics of the study population by severity 
of COPD according to the GOLD stage

Table 2: Basal cardiovascular parameters of smokers and non-
smokers

DISCUSSION:

Cigarette smoking is an established risk factor for coronary artery 
disease. A group of researchers observed that nicotine dependent 
inactivation of vagal cardiovascular control is one of the factor 
responsible for hemodynamic changes in smokers. In our study, there 
was no signicant difference in the mean physical parameters like age 
and body mass index on calculating the mean and the standard 
deviation in the smokers and non-smokers. A signicant difference 
was observed in resting pulse rate, but no signicant difference was 
found in systolic and diastolic blood pressure between smokers and 
non-smokers resting heart rate reects the balance of parasympathetic 
and sympathetic inuences at the sinoatrial node. It can be used for 
assessing both parasympathetic and sympathetic activity because of 
dual innervation of the heart [24]. Systolic blood pressure was also 
found to be low in smokers, although it was not statistically signicant. 
These above results are suggestive of decreased sympathetic reactivity 
in smokers. 30:15 ratios were not statistically signicant. This may be 
due to less sample size. Valsalva ratio was similar in smokers and non-
smokers though not signicant. As the procedure of Valsalva ratio 
depends largely on subjective control, So one of the causes of this 
insignicance may be subjective variation to perfectly complete the 
maneuver. Another cause may be lesser sample size. DBD was lower in 
smokers though not signicant statistically. Our nding were similar to 
the ndings of Singh K. et al [25], whose study showed that there was 
no signicant difference in DBD between smokers and non-smokers. 
Out of all these parasympathetic function test, the deep breathing test is 
very easy to use and is considered as the most reproducible of the 
cardiac autonomic function tests .A decreased heart rate variation in 
response to deep breathing has been suggested as a primary indicator 
of decreased parasympathetic response [26].

CONCLUSION: 
The cardiovascular autonomic function tests are reliable, non-invasive 
and easy to carry out. These simple tests we can detect the early 
involvement of the autonomic nervous system before the clinical 
symptoms appear. The results of this study are suggestive of decreased 
sympathetic reactivity in smokers.

REFERENCES:
1.  Sharma Satyavan. New approaches in smoking Cessation. Indian Heart Journal. 

March-April 2008;60(2):B-34–37. 
2.   John R, et al. Tobacco consumption patterns and it's health implications in India. Health 

policy. Feb. 2005;71:213–22. 
3.   Newspaper report: The Times of India, Health for the millions, New Dehli, 11 March 

2010
4.  Bansal Shiveta, Bansal Aman. Effect of Age and Sex on the R-R interval in ECG of 

Healthy Individuals. Indian Journal of Basic and Applied Medical Research. June 
2012;1(3):178–84. 

5.  Shenwai Mrunal, Aundhakar NV. Effect of cigarette smoking on various haematological 
parameters in young male smokers. Indian Journal of Basic and Applied Medical 
Research. December 2012;2(5):386–92. 

6.  Knut S, Johan DL ,Gudmund L, Ingrid O S, Marieke M ,Reinold O et al. Autonomic 
function in hypertensive and normotensivsubjects-the importance of gender. 
Hypertension.2001;37:1351-6. 

7.  Guyton A C, Hall J E. Textbook of Medical physiology.11th edition Newdelhi: Elsevier 
;2007.p.748-60,872,1022. 

8.   Ganong W F .Review of Medical physiology .23rd ed.New Delhi: MCGraw –Hill 
;2010.p.261-70,400.

9.  Kasper D L, Braunwald E, Fauci A S, Hauser S L, Longo D L, Jameson J L. Harrison's 
principle of internal medicine.16th ed.New York :MCgraw-Hill;2005:p.28,43, 
44,234,422,571,1423,2074,2201,2209,2294,2295,2428-32. 

10.  Pride N B ,Burrows B .Development of impaired lung function: natural history and risk 
factors. In: Calverly P M ,Pride N B ,editors. Chronic obstructive pulmonary 
disease.Londan:Chapman Hall;1995:69-92. 

11.  Gordon T, Kannel W B ,M C Geed .Death and coronary attacks in men after giving up 
cigarette smoking.Lancet.1974;2:1345-1348. 

12.  Cryer P E, Haymond M W, Santiago J V, Shah S D .Norepinephrine and epinephrine 
release and adrenergic mediation of smoking associated hemodynamic and metabolic 
events. N Engl J Med.1976;295:573-577. 

13.  Cellina G U ,Honour A J ,Littler W A .Direct arterial pressure, heart rate and 
electrocardiogram during cigarette smoking in unrestricted patient. A M Heart 
J.1975;89:18-25. 

14.  Dietz R, Schomig A, Kusterer k, Dart A M ,Kubler W .Vasopressor system during 
smoking in humans. Klin Wochenschr.1984;62(2):11-17. 

15.  Benowitz N L, Jacob P, Rosenberg J ,JonesR T. Interindividual variability in the 
metabolism and cardiovascular effect of nicotine in man. J Pharmacol Exp 
Ther.1982;221:368-372. 

16.  Bounameaux H, Greisen M,Benedet P, Krahenbuhlb,Deom A. Nicotine induced 
hemodynamic changes during cigarette smoking and nicotine gum chewing: A placebo 
controlled study in young health volunteers. Cardiovascular Res.1988;22:154-158. 

17.  Khan A, Shabbir K .Comparison of forced expiratory volume in one second among 
asymptomatic smokers and non-smokers. J Pak Med Assoc2010; 60:209-
13.[PUBMED]. 

18.  Trap-jaensenJ ,Svendesen T L ,Carlsen J E ,ChristensenM. Cardiovascular and 
adrenergic effects of cigarette smoking during immediate nonselective and selective 
beta adrenoceptorblockade in humans. Eur J Clin Invest.1979;9:181-183. 

19.  G rassiG ,Bolla GB ,Seravalle G, Calhoun D A,Zanchetti A , Mancia G. Alterations in 
sympathetic nerve trafc during cigarette smoking in man. J Hypertens.1991;9(6):s52-
s53. 

20.  Mosqueda- Garcia R, Robertson D, Robertson R, Haile V, Biaggioni I. Effects of 
nicotine infusions on sympathetic nerve trafc and baroreex responses in man.Clin 
Res.1990;38:259a. 

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

Characteristics GOLD stage p-value

I II III IV
Age (years, SD) 68.34 

(6.13)
64.72 
(12.64)

66.67 
(10.66)

63.33 
(11.98)

0.802

Gender Male 12 51 54 27 0.134
Female 4 16 39 31

Smoking  (pack/ 
years)

26.68 
(5.76)

26.82 
(18.64)

23.87 
(22.16)

16.48 
(18.53)

0.482

FEV1 (SD) 83.66 
(6.33)

57.79 
(7.56)

44.26 
(5.05)

23.08
(3.83)

0.000

Duration of Illness 
(Years)

8.00 
(3.65)

8.27 
(3.46)

11.31 
(11.78)

7.86 
(3.48)

0.684

BMI 22.86 
(1.73)

18.62 
(5.03)

18.28 
(3.53)

18.50 
(3.88)

0.739

Parameters (Non-smokers)
Control

(Smokers)Cases P Value

Mean (S.D.) Mean (S.D.)

Resting pulse rate
(in beats/min)

74.95(1.24) 73.25(1.33) 0.02*

Systolic blood pressure
(in mmHg)

112.4(3.82) 116.35(4.46) 0.26

Diastolic blood pressure 
(in mmHg)

79.85(0.70) 79.9(0.63) 0.74
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