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developing countries.[1] Prevalence of  smokeless tobacco 
(SLT) use is 26% which is far greater than smoking (14%) 
among adults as reported by Global Adult Tobacco Survey 
report of  India.[2]

Tobacco is being used for about 1000 years by humans. Its 
consumption is mainly done in two forms: Smoked tobacco 
and SLT. Smoking is done in the form of  bidis, cigarettes, 
hookahs, pipes, and cigars. Nicotine is the principal 
constituent of  tobacco responsible for its addictive 
character, but other smoke constituents also contribute to 
the strength of  the addiction. The use of  tobacco without 
burning is referred to as SLT.

In India, SLT is consumed in several forms, for example, 
snuff/naswar (finely ground tobacco leaves), chewing 

INTRODUCTION

Tobacco is one of  the biggest public health threats the 
world is facing. Its use is the leading preventable agent of  
death in the world. According to the WHO, 5.4 million 
deaths are reported annually due to tobacco and the 
number is expected to rise to 8 million in the next 25 years. 
Nearly 80% of  tobacco smoking population resides in 
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Abstract
Introduction: Tobacco use is a public health concern worldwide as well as in India. It can be used in both smoked and smokeless 
forms. Smokeless tobacco is used either in chewed, sniffed, or sucked form. It affects the cardiovascular system and causes 
diseases such as high blood pressure, myocardial infarction, and stroke. Nicotine in tobacco is found to alter the cardiovascular 
autonomic functions. Impact of the nicotine on cardiovascular autonomic functions can be best diagnosed using the heart rate 
variability (HRV) assessment.

Materials and Methods: A total of 60 male subjects in the age group of 25–50 years – 30 tobacco chewers and 30 tobacco 
non-users of minimum 10 pouch years, were included in the study. Subjects with history of hypertension, cardiopulmonary, 
or endocrine disorder were excluded from the study. Overnight abstinence from tobacco use in any form was recommended. 
Basal electrocardiograph was recorded in lead II for 5 min using Digitalized Polyrite D. Frequency domain parameters – very 
low frequency (VLF), LF, high frequency (HF), and LF/HF ratio were recorded. Data obtained were analyzed statistically by 
unpaired t-test and statistical significance was set at P < 0.05.

Results: All the anthropometric parameters including age, height, weight, and body mass index were comparable among 
the two groups. There was no significant change in heart rate and RR interval in both groups. A highly significant (P < 0.001) 
decrease in VLF and HF was seen in chewers. A significant (P < 0.05) decrease in LF was seen in chewers. LF denotes both 
sympathetic and parasympathetic activity and HF reflects parasympathetic (vagal) influence. A significant (P < 0.05) increase 
in LF/HF ratio was seen in chewers. Increase in LF/HF ratio signifies increase in sympathetic activity.

Conclusion: HRV analysis in tobacco chewers has revealed the disturbances in cardiac autonomic regulation by increasing 
sympathetic activity predisposing the subjects to various cardiovascular diseases. Hence, active intervention to quit tobacco 
even in the smokeless form is required.
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tobacco (loose and sweetened tobacco leaves), zarda/kiwan 
(paste), paan (betel/quid), and khaini/mawa (tobacco with 
lime). Tobacco chewing is the most common form of  SLT 
practiced in India. It is presumed to be harmless and a less 
“social evil” than smoking. Furthermore, due to various 
anti-smoking campaigns and law policies, it is considered 
as a safe alternative to smoking.[3]

Nicotine present in all tobacco products is well absorbed 
from mucosal surfaces, respiratory tract, and skin. In 
addition to nicotine, SLT contains nitrosamines, sodium, 
glucose, glycyrrhizinic acid, and grit.[4] It is one of  the 
most important risk factors for the development of  oral 
mucosal lesions including various oral pre-cancerous 
lesions such as lichen planus, lichenoid lesions, leukoplakia, 
and erythroplakia. Several cancers such as that of  mouth, 
throat, cheek, gums, and lips are also attributed to tobacco 
chewing.[5] It also leads to teeth discoloration, dental 
cavities, and gum diseases due to the presence of  glucose 
and flavoring agents present in SLT preparations.[4]

Cigarette smoking is major risk factor for the development 
of  atherosclerosis, coronary heart disease, acute myocardial 
infarction (MI), and sudden cardiac death.[6] The risk of  a 
non-fatal heart attack increases by 5.6% for every cigarette 
smoked.[7] However, tobacco chewing increases the risk 
of  MI more than 2 folds.[8] Hypertension is significantly 
prevalent in both tobacco smokers and chewers. Use of  
tobacco either by smoking or chewing changes the lipid 
profile significantly.[9]

SLT also contains substantial amounts of  nicotine, which 
is a cardioactive substance.[10] Impact of  the nicotine on 
cardiovascular autonomic functions can be best diagnosed 
using the heart rate variability (HRV). Although local 
effects of  SLT are widely known, systemic effects need 
exploration. Keeping this in mind, the present study has 
been undertaken to study the effect of  SLT on HRV.

MATERIALS AND METHODS

The present study was conducted in the Department of  
Physiology, Pt. B.D. Sharma PGIMS, Rohtak, after getting 
approval from the Institutional Ethical Committee. A total 
of  60 male subjects of  age group 25–50 years were included 
in the study. The subjects were divided into following two 
groups:
•	 Chewers – 30 male volunteers who were chronic 

tobacco chewers (non-smokers) for minimum 
10 pouch years in continuation with the duration of  
7 years or more

•	 Control – 30 male volunteers who had never used 
tobacco in any form (control group).

Chewers were further subdivided on the basis of  number 
of  pouch years of  tobacco chewing as Group A and 
Group B. Group A consisted of  chewers of  <15 pouch 
years while Group B consisted of  chewers of  more than 
15 pouch years.

Exclusion Criteria
•	 History or symptoms of  any chronic cardiopulmonary, 

endocrine or metabolic, psychiatric disorder
•	 History or symptoms of  any oral lesion
•	 History of  any drug intake

Pouch Years
Tobacco chewing was quantified in pouch years. This was 
calculated as:

Pouch years = No. of  pouches per day × years of  chewing

Example: 1 pouch per day for 10 years = 10 pouch years 
(1 × 10 = 10).[4]

Preliminary preparation: Informed consent was taken from 
every subject to undergo the whole procedure. All the 
tests were conducted from 10 am to 1 pm to avoid diurnal 
variation. Overnight abstinence from tobacco use in any 
form was recommended. Subjects were asked to avoid tea, 
coffee, carbonated drinks, or heavy meals at least 2 h before 
the test procedure. The whole procedure was explained 
in detail to each subject in his own language to allay any 
apprehension or fear. The basic parameters such as age, 
weight, and height of  subjects were recorded. Heart rate, 
respiratory rate, systolic blood pressure (SBP), diastolic 
blood pressure (DBP), and mean arterial blood pressure 
(MAP) were taken and noted down.

For recording HRV, Digitalized Powerlab26T Polyrite D 
was used. Sampling rate was 256 Hz. High and low filters 
were set at 99 and 0.1 Hz, respectively. The screen sweep 
speed was kept at 30 mm/s. For R wave detector, channel 
3, that is, electrocardiograph (ECG) channel 3 was used. 
The whole channel was selected for HRV analysis. Position 
of  event is taken as maximum after threshold. Retrigger 
delay is taken as 0. Ectopics were excluded from the 
analysis. A number of  ectopics and artifacts are shown 
by the machine. Maximum frequency is 0.5 Hz. Window 
used is welch type. Frequency band used is 0.04 <low 
frequency (LF) <high frequency (HF) <0.4 Hz. HRV 
report comprises various things: HRV spectrum, HRV 
tachogram, HRV delta NN histogram, etc.

After preliminary history taking and examination, the 
subjects were asked to lie down on the couch and made to 
relax in front of  the Polyrite D system. The three disposable 
adhesive electrodes were attached to the left arm, right leg, 
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and left leg, respectively. The basal recording of  ECG (Lead 
II) was taken for 5 min. Utmost care was taken to minimize 
the movements from subjects by instructing them not to 
move or speak while the recording is in progress. From the 
ECG, the analysis of  HRV was done automatically in the 
machine and the printed report of  HRV provided the data 
of  required variables. The HRV is based on the duration of  
time interval between two R waves, graphically represented 
in the form of  a RR interval tachogram. The functional 
value of  tachogram is the duration of  a RR interval (in 
millisecond) at a certain point of  time. For analysis of  
HRV, there are two domains mainly “Time domain” and 
“Frequency domain” as described earlier. Spectral analysis 
of  ECG was done by fast Fourier transformation method. 
Following HRV parameters were selected for study.
•	 Mean heart rate (beats/min)
•	 Mean RR interval (seconds)
•	 Very low frequency (VLF) (ms2)
•	 LF (nu)
•	 High frequency (HF) (nu)
•	 LF/HF ratio.

Statistics
All the data obtained by above two procedures were 
analyzed by a commercially available software package 
SPSS software. Statistical significance between chewers 
and controls was determined using Student’s unpaired 
t-test. P < 0.05 was considered statistically significant and 
P < 0.001 was considered highly statistically significant.

RESULTS

There was no significant difference in the anthropometric 
parameters including age, height, weight, and body mass 
index of  chewers. Furthermore, there was no statistical 
significance between heart rate, RR interval, SBP, DBP, 
and MAP in the two groups.

There was no significant change in heart rate and RR 
interval in both groups. A highly significant (P < 0.001) 
decrease in VLF and HF was seen in chewers. LF was 
seen to be decreased significantly (P < 0.05) in chewers. 
LF denotes both sympathetic and parasympathetic 
activities and HF reflects parasympathetic (vagal) influence. 
A significant (P < 0.05) increase in LF/HF ratio was seen 
in chewers. Increase in LF/HF ratio signifies increase in 
sympathetic activity. Significant decline in VLF and LF is 
suggestive of  an increased sympathetic activity in chewers.

Group A consists of  chewers with <15 pouch years of  
chewing and Group B consists of  chewers with more 
than 15 pouch years of  chewing tobacco [Table 2]. There 
was highly significant increase in the mean heart rate in 

Group B. The mean RR interval was decreased in Group B 
but the decrease was statistically insignificant. In Group B, 
the mean values of  VLF and LF were increased. However, 
the change was highly significant (P < 0.001) for LF only. 
There was highly significant (P < 0.001) increase in LF/HF 
ratio in Group B. These suggest deterioration of  cardiac 
functions with increase in pouch years of  tobacco chewing.

DISCUSSION

Tobacco in any form trebles the risk of  cardiac disease. 
About 30% of  all deaths from heart disease are due to 
smoking. Cardiovascular effects of  smoking occur within 
minutes with rise in HR up to 30% in the first 10 min.[11,12] 
Tobacco contains nicotine which increases heart rate and 
blood pressure.[9] SLT use results in considerable systemic 
exposure to nicotine.[13] The predominant cardiovascular 
effects of  nicotine result from activation of  the sympathetic 
nervous system. The state of  sympathovagal balance is used 
for the prediction of  many cardiovascular dysfunctions.[14] 
Studies in both SLT users and smokers have shown cardiac 
sympathovagal imbalance.[7,15-19] Nicotine increases the 
cardiac output by increasing both the heart rate and 
the myocardial contractility.[20] Furthermore, it may 
contribute to atherosclerosis by affecting lipid metabolism, 
coagulation, hemodynamic status, or causing endothelial 
injury. These effects lead to diseases such as MI, stroke, 
and high blood pressure.[15,21-23]

We found highly significant decline in VLF and LF in 
chewers [Table 1]. The LF power spectrum is evaluated in 
the range from 0.04 to 0.15 Hz. LF is thought to represent 
both sympathetic and parasympathetic activities. This 
indicates higher sympathetic activity in chewers.[15] Similar 
findings were reported by Glad et al. in their study of  short-
term HRV in dipping tobacco users. Pakkala et al., while 
studying HRV among khaini users, reported a statistically 
significant decrease in VLF and LF after 3 months.[16] 
However, Itagi et al., in their study on acute effects of  

Table 1: Comparison of heart rate variability 
parameters in controls and chewers
Parameters Control 

(Mean±SD#)
Chewers 

(Mean±SD)
P value

HR  
(beats/minute)

73.94±15.0 80.21±9.56 0.059

RR interval  
(seconds)

760.09±93.38 744.19±150.66 0.628

VLF (ms2) 1977.13±1104.22 501.58±416.83 0.0001
LF (nu) 59.91±12.87 53.72±10.95 0.048
HF (nu) 47.07±63.16 22.94±6.39 0.0001
LF/HF 2.02±0.92 2.52±0.91 0.035
*P<0.05=Significant, **P<0.001=Highly significant, #SD=Standard deviation,  
VLF: Very low frequency, LF: Low frequency, HF: High frequency,
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gutkha consumption on HRV, reported significant increase 
in LF after 5 min and 15 min of  gutkha chewing.[17]

The HF power spectrum is evaluated in the range from 0.15 
to 0.4 Hz.[18] There is highly significant decline in HF in our 
study in chewers reflecting a decrease in the parasympathetic 
activity [Figure 1].[24] Pakala et al., on studying HRV in khaini 
users, reported that the mean value of  the HF power was 
of  lower magnitude after 3 and 6 months, but the decrease 
was not statistically significant.[16] However, contrary to our 
findings, few studies reported an increase in HF power.[17,25]

The LF/HF ratio is used to indicate balance between 
sympathetic and parasympathetic tones. A decrease in this 
score might indicate either increase in parasympathetic or 
decrease in sympathetic tone. It is considered together with 
absolute values of  both LF and HF to determine what 
factor contributes in autonomic imbalance.[18] We observed 
a significant increase in LF/HF in chewers, indicating an 
increase in the sympathetic activity.[14] These values were 
in agreement with Pakkala et al.[16]

In our study, we observed, decrease in the mean RR interval 
and increase in the mean HR and BP in chewers or chewers, 
though insignificant. Nicotine causes vasoconstriction 

possibly through alteration of  a cyclic GMP-dependent 
vasoactive mechanism.[25] Significant rise in the DBP is 
of  great concern as any increase in the diastolic BP is an 
indicator of  hypertension. This can lead to all possible 
cardiovascular diseases in near future.

CONCLUSION

HRV is an index of  vagal tone and reflects the balance 
between parasympathetic and sympathetic maneuvers. 
HRV analysis in tobacco chewers has revealed the 
disturbances in cardiac autonomic regulation due to 
increased sympathetic activity predisposing the subjects 
to various cardiovascular diseases. HRV can be used as a 
non-invasive tool for screening in preclinical derangement 
of  cardiac functions.

Thus, tobacco chewing is detrimental for cardiac functions. 
Hence, active intervention to quit tobacco even in the 
smokeless form is required.
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