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Abstract

Background and Objectives: An increase in the consumption of smokeless tobacco has been noticed among high school, 
college students, and adults. Despite the antiquity and popularity of chewing tobacco in India, its effects have not been 
investigated systematically in humans. The aim of this study was to investigate acute effects of gutkha chewing on heart rate 
variability (HRV) among healthy young adults. Materials and Methods: A total of 60 young adult males were included 
in the study. Each individual was asked to chew tobacco and subjected to HRV analysis. HRV analysis using short‑term 
electrocardiogram recording was used to measure HRV parameters before gutkha chewing and at 5, 15, and 30 min after 
chewing tobacco. One‑way analysis of variance and paired t‑test was used to assess changes over time. Results: There was 
a significant increase in heart rate (HR) during tobacco chewing. Mean HR at baseline measured 73.0 ± 6.2 bpm. There was a 
rise in mean HR to 83.7 ± 9.1 bpm at 5 min during tobacco chewing and gradual reduction to baseline observed after 15 min 
followed by no significant change till 30 min. The normalized low‑frequency power and LF/high‑frequency (HF) power ratio 
were elevated after 5 min; however, normalized HF power was reduced after 5 min tobacco chewing. Conclusion: Gutkha 
is closely associated with traditional cardiovascular risk factors as detected by a transient enhancing sympathetic activity 
during tobacco chewing in the form of increased HRV parameters or an imbalance between sympathetic and parasympathetic 
neural activity among healthy young adults.
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Introduction

Oral use of smokeless tobacco (ST) has existed for thousands 
of years and has gained popularity in various areas of the 
world.[1,2] ST is used in “dipping” and “chewing” form. Gutka 

(or gutkha) is in use in India, Pakistan, South‑East Asia, and in 
the UK.[1‑6] Gutkha is industrially prepared and has a longer 
shelf life. Its growth has been so rapid that it has overtaken 
the smoking of tobacco in India, being especially popular 
amongst younger generations and women.[5‑8]

ST products contain, among other constituents, 
nicotine and known carcinogenic chemicals such as 
tobacco‑specific N‑nitrosamines, benzopyrene, nitrate, 
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cadmium, lead, arsenic, nickel, and chromium.[9,10] A number 
of adverse human health outcomes such as periodontitis; 
oral leukoplakia and submucous fibrosis; gastrointestinal 
abnormalities; oropharyngeal, esophageal, and pancreatic 
cancers; as well as cancer of the stomach have been linked 
to ST use. Other potential adverse health effects of ST 
may include toxicity of the immune, reproductive and/or 
cardiovascular systems.[6,10‑13]

Cardiovascular disease (CVD) is the leading cause of death 
worldwide, responsible for over 17 million deaths globally and 
tobacco has been estimated to directly cause 10% of all CVD 
worldwide.[14‑16] The epidemiological evidence on cigarette 
smoking in relation to CVD is compelling, but the relationships 
between CVD and smokeless types of tobacco, is limited 
and remains uncertain. A systemic review with meta‑analysis 
confirmed an association between the use of ST and risk 
of fatal myocardial infarction (MI) and stroke.[15] Combining 
information from both developing and developed countries, 
it is observed that odds of having acute MI was more among 
users of ST compared to nontobacco users.[17‑20]

Due to the high background rates of CVD, even a small 
increase in risk clearly could represent a large public health 
impact in countries that have a high prevalence of ST use.[1,2,7,21] 
Multiple studies have reported that all forms of tobacco use 
is highly prevalent in youth and adult and in both men and 
women in India. The prevalence of ST use is estimated at 33% 
for men and 18% for women in India.[3,5,7,16,19,22] An increase 
in consumption of ST has been noticed among high school, 
college students, and adults and indeed represents a health 
concern of growing magnitude among these groups.

The cardiovascular system is influenced by the autonomic 
nervous system (ANS). Few researchers have thrown light 
on possible acute autonomic effects[23,24] and hemodynamic 
changes of ST in the form of heart rate variability (HRV)[25‑29] 
and various studies as well document the consequence 
of addictive qualities of ST often changing into lifelong 
habit with cumulative and more deleterious effects on 
health.[30,31]

Despite the antiquity and popularity of gutkha chewing in India, 
its effects have not been investigated systematically in young 
adults. Few population‑based estimates exist on the prevalence 
and determinants of gutkha chewing in India. Previous reports 
have described long‑term harmful effects of ST on various 
body parameters, but little is known about short‑term effects 
of ST on HRV parameters particularly those involving healthy 
young adults. Given the growing prevalence and global use 
of culturally‑specific tobacco products, including gutkha, the 
present study was undertaken to investigate short‑term acute 

effects of gutkha chewing on HRV among healthy young adults 
exposed to gutkha chewing.

Materials and Methods

This descriptive cross‑sectional study was conducted in 
Davangere, a South Indian district. The subjects were apparently 
healthy male young adults aged 17–24 years with habit of 
chewing gutkha for <3 months. A thorough history regarding 
regular athletic training exercises, medical conditions, and 
the medications taken in the past 6 months was obtained 
followed by clinical and systemic examinations. Subjects with 
established obstructive coronary artery disease, unstable 
coronary syndromes, currently smokers, and alcoholics or on 
athletic training were excluded. The sample size was estimated 
using the formula N = (Zα/2)

2 s2/d2,  A pilot study conducted on 
5 young adults resulted in a standard deviation (SD) of 5 and with 
a probability of 95%, and at an error rate of 5%, the minimum 
sample size required was estimated to be 24 subjects, after the 
allowance of 20% for nonrespondents is assumed, the corrected 
sample required was 30 subjects, however, a total of 60 subjects 
participated in the study. The study was approved by Institute’s 
Ethics Committee. Skin preparation, electrode placement, and 
related protocols were similar to the established guidelines.

After obtaining consent, all the 60 subjects were asked to 
abstain from gutkha chewing and caffeine beverages 2 h prior 
to the electrocardiogram (ECG) recording. Skin preparation, 
electrode placement, and related protocols were similar to 
the established guidelines. ECG was acquired using digital 
ECG system, an instantaneous heart rate (HR) at RR intervals 
were continuously plotted at rest, 5, 15, and 30 min after 
tobacco chewing using Niviqure software analysis V:52 
[Niviqure Meditech Pvt Ltd, Bengaluru, India] on a Microsoft 
window based computer. ECG was performed at rest and 
followed by recordings. HRV analysis was assessed by Spectral 
analysis of series of successive RR interval (frequency domain 
analysis). Parameters analyzed included the time domain 
parameter mean HR, low‑frequency (LF) (0.04–0.15 Hz), 
power in normalized unit (n.u), high‑frequency (HF) power 
in n.u (0.15–0.4 Hz), and LF/HF ratio.

Statistical analysis
The results are expressed as mean ± SD or percentages. SPSS 
Software version 17.0 (SPSS Inc., IBM Corporation, Chicago, 
IL, USA) was used for analysis. The analysis for significant 
differences at different time intervals was performed using 
one‑way analysis of variance. P <0.05 was considered significant.

Results

Demographic descriptions of the research population are 
shown in Table 1. Among 32 male boilermaker construction 
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workers, the age ranged from 17 to 24 years. All the participants 
were relatively healthy. The mean levels of the HRV parameters 
at baseline, postgutkha chewing, and at different intervals are 
summarized in Table 2.

Analysis of HRV by frequency domain analysis after gutkha 
chewing showed an increase in parasympathetic and 
sympathetic nervous system (SNS) activity compared to 
baseline as reflected in an increase in HR, LF, and HF values.

The comparison between the relative percentage of LF and 
HF, during different time intervals after gutkha chewing shows 
there was a significant increase in HR, LF, and HF variables at 
5 min and 15 min, however, the difference in any of the variables 
of frequency domain showed no statistically significant change 
after 30 min of gutkha chewing [Table 2]. The comparison of the 
LF/HF ratio obtained after gutkha chewing showed a significant 
difference at 5 min and 15 min and relatively no difference at 
30 min as compared to baseline [Table 2 and Figure 1].

Discussion

The ST (gutkha) users in this study are very young at age and 
were in the productive part of their life. The effect of exposure 
to various forms of ST on HR and HRV has been mentioned in 
the literature. For this reason, by no means short‑term gutkha 
exposure deserves a lack of scientific interest. An exhaustive 
search of literature did not yield many studies related to 
short‑term exposure to gutkha and HRV. Since there are no 
studies till date assessing the acute effects of gutkha chewing 

on HRV among young Indians, our study has been the first in 
this untrodden path.

ST affects the cardiovascular system and causes diseases 
such as MI stroke, and high blood pressure.[1,3,4,10,14‑19] The 
cardiovascular system is influenced by the ANS. Among the 
different available noninvasive techniques for assessing the 
autonomic status, HRV has emerged as a simple, noninvasive 
method to evaluate the sympathovagal balance at the sinoatrial 
level and most widely performed measure of autonomic 
function.[32‑36] This test produces a sensitive, specific, and 
reproducible indirect measure of autonomic activity on cardiac 
function. Under frequency domain analysis (HRV frequency 
spectra), it is now known HF component is attributed to 
parasympathetic influences on the heart and LF component is 
due to both parasympathetic nervous system (PNS) and SNS 
activity. Impact of the nicotine on cardiovascular autonomic 
functions can be best diagnosed using the HRV assessment. 
Short‑term HRV analysis from a 5 min record of ECG is a 
better way for understanding the autonomic status. Smoking 
tobacco has been proved to alter the ANS by many studies 
published,[11,12] however, the effect of ST on the cardiovascular 
autonomic functions was studied through this HRV assessment.

In the present study, we observed an immediate cardiovascular 
autonomic response, as measured by significant increase in the 
5‑min resting HRV parameters to short‑term gutkha exposure 
among young adults. We did not find much difference in the 
30 min HRV parameters compared with baseline; but there 
was a trend toward an increase of PNS activity as measured 
by increased HR, HF, and LF.[20,22]

Our observations are consistent with the findings of study 
by  Wolk et al.[24] which revealed, an acute increase in HR with 
the use of ST (snuff). However, in a study by  Pakkala et al.[29]

Assessing the HRV among gutkha users, observed that the HRV 
parameters–time and frequency domain, showed significantly 

Table 1: Participants demographics

Characteristics Mean±SD or n (%)
Age (years) 19.8±2.02
Male 60 (100)
SD: Standard deviation

Table 2: Comparison of the HRV frequency domain parameters of 
the participants at different time intervals (after gutkha chewing)

Parameter Baseline 5 min 15 min 30 min P
HR 73.0±6.2 83.7±9.0 78.4±7.5 73.0±5.1 0.000** A

0.0001 B
0.0301# C

LF 45.1±7.4 73.1±8.5 64.6±8.8 45.4±7.2 0.000** A
0.0001 B
0.140# C

HF 34.1±5.4 31.5±4.6 20.0±3.5 34.0±5.4 0.000** A
0.0001 B
0.106# C

LF: HF 0.88±0.3 3.2±0.5 1.68±0.3 0.92±0.3 0.000** A
0.014 B
0.442# C

**Highly significant; #Not significant. A: Baseline versus 5 min; B: Baseline versus 
15 min; C: Baseline versus 30 min; HRV: Heart rate variability; HR: Heart rate; 
LF: Low‑frequency; HF: High‑frequency

Figure 1: Low-/high-frequency ratio variation among the participants at different 
time intervals after gutkha chewing
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decreased values during the third month and sixth month 
recording after the exposure.

The results of the study by Mohesh, et al. are in not concurrence 
with our study, where use of dipping tobacco (ST) showed no 
difference in mean HR and significant decrease in frequency 
domain measures (very LF and LF) representing the impaired 
sympathetic activity of the heart.

The results of this study suggest gutkha chewers experience 
an immediate rise in HR and rapid HRV response to acute 
tobacco exposure that do not persist 60 min following the end 
of exposure.[7,18] However, in agreement with some[29] but not 
all investigators, we were unable to show that the use of gutkha 
is associated with permanently raised HR and HRV variables. 
As is evident from this study, the hazards of gutkha are only 
partially known. The issue that further needs to be resolved 
is: Does the immediate changes in HR and HRV parameters 
on intake of gutkha have any long‑term deleterious effects on 
the heart and the vascular system?

A serious concern about the use of gutkha among children 
and young adults is that it may introduce them to cigarette 
smoking.[2,7,37,38] Oral tobacco gives a prolonged absorption of 
nicotine, and the overall nicotine exposure is as high or higher 
than that achieved by cigarette smoking.[24,25] It is, however, still 
controversial whether gutkha causes the same (or greater) 
degree of dependency as cigarettes.

Conclusion

Within the limits of the present study, it can be concluded 
that gutkha is closely associated with traditional cardiovascular 
risk factors as detected by increased HRV parameters, and 
therefore, it should be accepted as harmful as cigarette smoking 
for cardiovascular system. However, limitations of the present 
study warrant consideration, we did not assess the quantity 
or duration of gutkha use, which prevented examination of 
dose response. This study is just the tip of an iceberg and 
we recommend that further longitudinal studies with larger 
sample size should be conducted to detect whether gutkha is 
an independent risk factor for cardiovascular events and also 
it should be included to fight program against tobacco use.
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