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Background: While the pro-inflammatory and pro-coagulant effects of cigarette smoking have been well
described, the effect of smokeless tobacco (ST) on inflammatory and coagulation markers is still not clear.
The study aimed to evaluate impact of smokeless tobacco use on systemic markers of inflammation
[(TLC), neutrophil-lymphocyte ratio (NLR) (ESR), interleukin (IL) IL-1b, IL-6 and tumor necrosis factor
alpha (TNFa)] and hypercoagulable state [fibrinogen and d-dimer] leading to increased cardiovascular
risk in ST users as compared to non-users.
Methods: 150 healthy young adults using oral tobacco products for at least 1 year were included in the
case group and 50 age-matched non-consumers as controls. Subjects with any known chronic illness or
comorbidity were excluded from the study. Blood samples were tested for TLC, NLR, ESR, IL-1b, IL-6,
TNFa, fibrinogen and d-dimer. Statistical analysis was done using SPSS 17.0 software.
Results: The baseline clinical and cardio-metabolic characteristics were comparable between the two
groups. ST users had significantly elevated serum IL-6 [59.29 ± 124.69 pg/mL (n ¼ 149) vs
8.21 ± 27.27 pg/mL (n ¼ 47), p-value ¼ 0.005], TNFa [77.18 ± 236.10 pg/mL (n ¼ 149) vs 8.32 ± 9.36 pg/mL
(n ¼ 47), p-value ¼ 0.041], fibrinogen [310.53 ± 129.05 mg/dL (n ¼ 143) vs 282.82 ± 65.23 mg/dL
(n ¼ 42), p-value ¼ 0.045] and d-dimer [0.28 ± 0.42 mg/L (n ¼ 144) vs 0.17 ± 0.09 mg/L (n ¼ 45), p-
value ¼ 0.043] levels as compared to non-users. Serum TLC, NLR, ESR and IL-1b remained unchanged in
ST users and were similar to that of controls.
Conclusions: Chronic use of ST is associated with systemic inflammation and coagulation, which may
increase the risk of athero-thrombotic cardiovascular events among ST users.
© 2020 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Tobacco is a commonly used recreational agent by people from
different strata of the society. It is either smoked or used in its
smokeless form.While cigarette smoking has beenwell-recognized
as a cardiovascular risk factor, the effect of smokeless tobacco (ST)
in this regard is still not clear. Studies that have assessed the as-
sociation of ST with cardiovascular disease have shown mixed re-
sults.1 Considerable inter-regional differences in the ST products
have been postulated to be responsible for such variability. The
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manufacturing process, chemical composition and the consump-
tion technique of ST products differ from region to region.

It is well known that inflammation and coagulation are impor-
tant mechanisms underlying the pathophysiology of cardiovascular
disease (Fig. 1). While the pro-inflammatory and pro-coagulant
effects of cigarette smoking (CS), with its associated cardiovascu-
lar risk have been well studied,2e5 the effect of ST on biomarkers of
systemic inflammation and coagulation have been addressed in
very few small scale studies. Moreover, majority of these studies
have been carried out in the western countries, and have involved
ST products that are considerably different from those used in the
Asian-Pacific region. Also, other cardiovascular risk factors like
obesity, hypertension, diabetes, dyslipidemia and metabolic syn-
drome which can act as confounding factors have not been judi-
ciously adjusted.
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Fig. 1. Role of inflammation in the pathogenesis of atherosclerosis (Adapted from Raggi P et al. Atherosclerosis. 2018 Sep 1; 276:98e108.).
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As per the Global Adult Tobacco Survey (GATS-2), 2016e17, the
population of adult ST users in India, itself, was around 199
million.6 While social welfare programs have focused on the risk of
malignancy and oral cavity disease caused by these ST products,
their possible cardiovascular risk, if any, has not received much
attention. In this study, we evaluated the effect of chronic ST use on
systemic inflammatory and thrombotic markers of cardiovascular
risk among young Indian ST users, whowere otherwise healthy and
free from any disease or co-morbidity.

2. Methods

2.1. Study design and population

It was a single-site cross-sectional study conducted in GIPMER,
New Delhi, India. Participants were recruited by opportunistic
screening of young healthy people attending the hospital for various
reasons. Hospital staff and other personnel working within the hos-
pital premises were also included in the study. Cases were defined as
participants 20e40 years age, who were using oral tobacco products
at least two portions/day for >5 days aweek for at least 1 year. Details
were taken for the daily amount/frequency and total duration of to-
bacco consumption. Controls were defined as healthy, age-matched
adults not using tobacco in any form. Subjects who smoked tobacco
or had regular exposure to passive tobacco smokewere excluded from
both the case and control groups. Participants were also excluded if
they had any diagnosed atherosclerotic cardiovascular disease,
chronic inflammatory disease, hypertension (HTN), diabetes mellitus
(DM), chronic kidney disease (CKD), chronic liver disease (CLD) or any
active infection/recent infection in the last 7 days.

2.2. Patient physical examination, anthropometric data and
sampling

Patient physical examination, anthropometric data and blood
sampling were done in resting state remote from tobacco
consumption. Heart rate (HR), systolic blood pressure (SBP) and
diastolic blood pressure (DBP), height, weight, body mass index
(BMI) and waist circumference were recorded. Peripheral venous
blood sample was taken after complete informed written consent
and tested for cardio-metabolic markers like random blood sugar
level (RBS), glycated haemoglobin (HbA1c), total cholesterol (TC),
low density lipoprotein (LDL), high density lipoprotein (HDL) and
triglycerides (TG). Inflammatory markers like total leucocyte count
(TLC), neutrophil-lymphocyte ratio (NLR), erythrocyte sedimenta-
tion rate (ESR), interleukin IL-1b, IL-6 and tumor necrosis factor
alpha (TNFa); and coagulation markers like serum fibrinogen and
d-dimer were measured. TLC and NLR were measured using the
electrical impedance principle in Transasia Sysmex system fol-
lowed by peripheral smear examination. ESR was measured by the
Westergren method. IL-1b, IL-6 and TNFa were assessed using
ELISA technique in the Diaclone system, while fibrinogen was
assessed by the Clauss method in ELITE system. D-dimer was
measured by calorimetric method in Roche system. The study was
conducted after approval from the institutional ethics committee.

2.3. Objectives

The primary objective of the study was to evaluate the impact of
chronic oral tobacco use on traditional systemic markers of
inflammation (TLC, NLR, ESR, IL-1b, IL-6 and TNFa) and coagulation
(fibrinogen, d-dimer) leading to increased cardiovascular risk in ST
users as compared to non-users.

2.4. Statistical analysis

Data was entered in MSeExcel and analysed using SPSS 17.0
software. Categorical variables were expressed as percentages or
proportions and continuous variables as mean ± SD. Categorical
variables were compared using ChieSquare test, and continuous
variables including the mean TLC, NLR, ESR, IL-1b, IL-6, TNFa,
fibrinogen and d-dimer using unpaired t-test. Co-relationwith total
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duration/daily amount of tobacco intake was done using Spear-
man's correlation analysis. Cases were divided into 3 different
subgroups based on total duration and daily amount of tobacco
intake. Oneway ANOVA test was used to compare themean level of
inflammatory and coagulation markers amongst the subgroups,
with post-hoc test for inter-group comparison. P values less than
0.05 were considered statistically significant.

3. Results

3.1. Baseline demographic, clinical and cardio-metabolic
characteristics

A total of 150 cases and 50 controls were recruited during the
period January 2018eJuly 2019. All the participants were males.
The ST products used were gutkha (n ¼ 76, 50.6%), khaini (n ¼ 46,
30.6%) and zarda (n¼ 28,18.6%). All the three are chewable forms of
ST. There was no significant difference in the age, socio-economic
status, HR, SBP, DBP, waist circumference, BMI, RBS, HbA1c, TC,
LDL, HDL and TG between cases and controls. Baseline character-
istics are shown in Table 1.

3.2. Inflammatory and coagulation markers

Significant difference was found in IL-6, TNFa, fibrinogen and d-
dimer between cases and controls, with cases having higher levels
of these inflammatory and coagulation markers. There was no
significant difference in TLC, NLR, ESR and IL-1b between cases and
controls. Results are shown in Table 1.

3.3. Co-relation and subgroup analysis (based on duration and
daily amount of tobacco use)

The mean duration of tobacco intake was 9.13 ± 6.91 (SD) years
with a mean amount of 12.45 ± 13.46 (SD) grams per day. A positive
Table 1
Baseline clinical, cardio-metabolic characteristics of study population with comparison o

Case group (n ¼ 150) Mean ± SD (

Age (years) 31.29 ± 6.42
Socio-economic class:
Upper middle 29 (19.3%)
Lower middle 105 (70.0%)
Upper lower 16 (10.7%)

Heart rate (HR) (beats per minute) 78.96 ± 7.61
SBP (mm Hg) 116.23 ± 12.03
DBP (mm Hg) 74.61 ± 9.02
Waist circumference (cm) 83.49 ± 8.48
BMI (kg/m2) 23.82 ± 3.57
RBS (mg/dL) 97.19 ± 22.30
HbA1c (g/dL) 5.17 ± 0.44 (n ¼ 144)
Total cholesterol (mg/dL) 167.09 ± 39.41 (n ¼ 149)
LDL (mg/dL) 84.01 ± 32.83 (n ¼ 149)
HDL (mg/dL) 42.19 ± 8.54 (n ¼ 149)
Triglycerides (mg/dL) 200.62 ± 125.14 (n ¼ 149)
Comparison of inflammatory and coagulation markers:
TLC (cells/mm3) 7409.52 ± 1612.08 (n ¼ 147)
NLR 1.86 ± 0.75 (n ¼ 147)
ESR (mm/hr) 11.53 ± 7.70 (n ¼ 147)
IL-1b (pg/mL) 10.34 ± 41.52 (n ¼ 149)
IL-6 (pg/mL) 59.29 ± 124.69 (n ¼ 149)
TNFa (pg/mL) 77.18 ± 236.10 (n ¼ 149)
Fibrinogen (mg/dL) 310.53 ± 129.05 (n ¼ 143)
d-dimer (mg/L) 0.28 ± 0.42 (n ¼ 144)

(modified Kuppuswamy socio-economic class, updated 2019, SBPe systolic blood pressur
HbA1c e glycated haemoglobin, LDL e low density lipoprotein, HDL e high density lip
erythrocyte sedimentation rate, IL e interleukin, TNF e tumor necrosis factor).
p-value < 0.05 : significant.
correlation was found between TNFa and fibrinogen with both, the
total duration and daily amount of tobacco intake. Such co-relation
was not observed with the other inflammatory and coagulation
markers studied. Results are shown in Table 2.

Results of subgroup analysis are summarized in Supplementary
Tables S1 and S2. NLR was significantly more in subjects with
duration of tobacco use 5e10 years, while TNFa was significantly
greater in cases consuming >7.5 g of tobacco per day.

Although the difference was statistically insignificant, the levels
of NLR, IL-1b, IL-6 and TNFawere higher among cases with duration
of tobacco use between 5 and 10 years as compared to those with
duration <5 and >10 years. This could suggest an inflammatory
response that increases with the duration of tobacco exposure and
reaches its peak between 5 and 10 years, following which it tends to
decline; raising the possibility of a late adaptive response to these
products with prolonged exposure beyond 10 years. Such a pattern
was not noted for TLC, ESR, fibrinogen and d-dimer. Whether this
exposure time frame of 5e10 years corresponds to the period of
highest cardiovascular risk in this population can be an interesting
question. On the other hand, the mean NLR, IL-1b, IL-6, TNFa and
fibrinogen increased progressively among subgroups with greater
amount of daily tobacco intake. No decline in these markers was
noted with increase in the amount of tobacco consumed. Trend of
inflammatory and thrombotic markers with duration and daily
amount of tobacco use is depicted in Figs. 2 and 3.
4. Discussion

The present study shows that chronic use of oral tobacco by
healthy adults may be associated with subclinical systemic
inflammation and pro-thrombotic state. Participants of the study
used chewable forms of oral tobacco; unlike snuff, that is pre-
dominantly used in the western countries. ST users were found to
have elevated serum IL-6, TNFa, fibrinogen and d-dimer as
compared to non-tobacco users. Levels of IL-1b, TLC, NLR and ESR
f inflammatory and coagulation markers.

%) Control group (n ¼ 50) Mean ± SD (%) p-value

29.64 ± 5.91 0.111

11 (22.0%) 0.918
34 (68.0%)
5 (10.0%)
77.28 ± 4.89 0.145
115.16 ± 13.59 0.600
75.88 ± 8.21 0.380
82.76 ± 9.09 0.302
23.92 ± 3.42 0.860
97.28 ± 18.81 0.979
5.28 ± 0.46 (n ¼ 47) 0.118
169.46 ± 38.56 0.712
91.30 ± 29.33 0.165
41.46 ± 7.71 0.594
173.00 ± 71.89 0.058

7524.00 ± 1476.97 (n ¼ 50) 0.658
1.90 ± 0.84 (n ¼ 50) 0.746
13.16 ± 8.57 (n ¼ 50) 0.658
10.04 ± 24.16 (n ¼ 47) 0.961
8.21 ± 27.27 (n ¼ 47) 0.005
8.32 ± 9.36 (n ¼ 47) 0.041
282.82 ± 65.23 (n ¼ 42) 0.045
0.17 ± 0.09 (n ¼ 45) 0.043

e, DBP - diastolic blood pressure, BMIe bodymass index, RBSe random blood sugar,
oprotein, TLC e total leucocyte count, NLR e neutrophil lymphocyte ratio, ESR e



Table 2
Co-relation of inflammatory and coagulation markers with duration and daily amount of tobacco use.

Duration of tobacco use Daily amount

Co-relation co-efficient p-value Co-relation co-efficient p-value

TLC �0.240 0.003 �0.092 0.265
NLR �0.119 0.151 0.000 0.996
ESR 0.102 0.219 0.069 0.408
IL-1b 0.002 0.982 �0.009 0.914
IL-6 �0.035 0.671 0.117 0.154
TNFa 0.175 0.036 0.267 0.001
Fibrinogen 0.212 0.017 0.163 0.048
d-dimer �0.029 0.729 �0.067 0.418

(TLC e total leucocyte count, NLR e neutrophil lymphocyte ratio, ESR e erythrocyte sedimentation rate, IL e interleukin, TNF e tumor necrosis factor).
p-value < 0.05 : significant.

Fig. 2. Trend of inflammatory and thrombotic markers with duration of tobacco use.

Fig. 3. Trend of inflammatory and thrombotic markers with daily amount of tobacco use.
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remained unchanged. There are very few studies on this topic in the
literature. In an American study onmoist snuff users, levels of IL-1b,
IL-6 and TNFa were found to be below detection limits.7 Similarly,
in a study on naswar users in Pakistan, IL-6 levels were not
significantly elevated among ST users as compared to non-tobacco
users.8 In contrast, this study on users of oral chewable tobacco
showed raised serum IL-6 levels. Besides a considerable difference
in the ST products studied, differences in the mean duration and
dose of tobacco exposure among the cases may have also contrib-
uted to this finding. While some Indian studies have looked at the
gingival crevicular fluid IL-1b levels among tobacco chewers
suffering from periodontitis,9,10 this is the first study from the
AsiaePacific region to address systemic IL-1b levels among ST
users. Also, the association of serum TNFa with ST use has been
previously addressed only in some in-vitro and animal studies.11,12

Current literature on the association of serum fibrinogen with
ST has been biased by the western studies that have predomi-
nantly included snuff users. No significant difference was found in
the serum fibrinogen levels between ST and non-ST users in these
studies.13,14 In fact, a recent study suggested serum fibrinogen as a
marker to differentiate ST users from tobacco smokers, as smokers
were found to have elevated fibrinogen levels, while the serum
fibrinogen was similar in ST users and non-tobacco users.15 The
present study showed raised serum fibrinogen and d-dimer levels
among oral tobacco users as compared to non-tobacco users. This
finding reiterates the variability in the systemic response across
the spectrum of ST products. While snuff users in the western
countries did not show any thrombotic tendency, Indian ST users
consuming oral tobacco in the chewable form were susceptible to
their pro-coagulant effects. With increasing duration and amount
of tobacco use, serum fibrinogen levels showed an absolute
increase.

The study had few merits. It was adequately sized and
adjusted for majority of the confounding factors judiciously.
There were also some limitations. Firstly, it was a single-site
cross-sectional study. Second, it recruited only male partici-
pants. Majority of the studies on ST till date have exclusively
recruited males. Also, the effect of menstruation on the studied
biochemical parameters makes blood sampling and result inter-
pretation tricky among females.

In conclusion, smokeless tobacco is not devoid of consequences
on the cardiovascular health of users. Subclinical systemic inflam-
mation and the resultant activation of the coagulation cascade can
predispose this population to athero-thrombotic cardiovascular
events. Public awareness programs should incorporate the possible
cardiovascular risk of these products and encourage their absti-
nence. Further large scale, multi-centre studies that also incorpo-
rate clinical end-points may be worthwhile.
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