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Abstract

Objective: Nearly 300 million people in India use some type of tobacco product,

with about 60% of those using smokeless tobacco. Smokeless tobacco use has

been associated with a number adverse health outcomes in India and across

South Asia.

Method: A cross-sectional study of outpatients at a dental hospital in Navi

Mumbai, India was conducted between January and June 2015. Trained

interviewers administered a 19-item questionnaire to all patients receiving regular

dental care. In addition to demographic information, data about the use of

smokeless tobacco was collected. Nicotine dependence was assessed using the

six-item Fagerstrom Nicotine Dependence Scale, adapted for smokeless tobacco.

Results: Approximately one third of 1,067 respondents (30.55%; N ¼ 326)

reported use of smokeless tobacco. Neither use of smokeless tobacco nor

nicotine dependence was associated with any demographic variables. High

nicotine dependence was associated with a younger age of initiation of

smokeless tobacco use (RD ¼ 0.14; 95% CI: 0.03, 0.25) and with frequency of

use, with those who reported daily use having an excess risk of high nicotine

dependence of 14% (95% CI: 2%, 27%).

Conclusion: To reduce dependence on smokeless tobacco in India and subsequent

adverse health outcomes, interventions should emphasize a combination of policy
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and public health interventions focused on increasing the age at which a person

initially uses smokeless tobacco and decreasing the frequency of use.

Keywords: Epidemiology, Public health

1. Introduction

Smokeless tobacco e including products that are chewed, snuffed, or placed be-

tween the teeth and gum rather than smoked by the user e is highly addictive and

has been linked with numerous health outcomes, including cardiovascular mortality

(Bolinder et al., 1994), many types of cancer (Boffetta et al., 2005; Campbell et al.,

2018), reductions in birth weight and gestational age (Gupta and Sreevidya, 2004;

Gupta and Subramoney, 2006), and poorer mental health (Raffetti et al., 2018). Ac-

cording to the World Health Organization (2014), the nicotine in smokeless tobacco

is more easily absorbed in the body when compared to smoking, increasing the po-

tential for addiction. In South Asia, rates of smokeless tobacco use are high and

increasing rapidly, especially among young people and women (Mutti et al.,

2016; WHO, 2014). In 2009, there were approximately 274.9 million users of to-

bacco products in India. Of these, 59.5% used only smokeless tobacco products,

25.1% were solely tobacco smokers, and 15.4% consumed both forms (Asma

et al., 2015). To better understand the factors that contribute to use of smokeless to-

bacco in India, a cross-sectional study was implemented in Navi Mumbai township,

a planned community located on the West Coast of India with a population of

approximately 1.2 million residents (CIDCO, 2015).

The predictive validity of the Fagerstr€om Test for Nicotine Dependence (FTND) has

been demonstrated in numerous evaluations of nicotine dependence among tobacco

smokers (Pinto et al., 1987; Fagerstrom and Schneider, 1989; Heatherton et al.,

1991; Kozlowski et al., 1994; Fagerstr€om, 2012; Mushtaq and Beebe, 2012) and

as modified, been applied to assess nicotine dependence among users of smokeless

tobacco (Ebbert et al., 2006; Feretich et al., 2007). The Fagerstr€om Test for Nicotine

Dependence-Smokeless Tobacco (FTND-ST) survey instrument consists of ques-

tions that measure dependence by quantifying the pattern and severity of use

(Ebbert et al., 2006). The questionnaire has been used alone (Manimunda et al.,

2012) and in tandem with concentrations of cotinine, a primary nicotine metabolite,

present in salivary (Boyle et al., 1995) or serum (Ebbert et al., 2006) samples

collected from the respondent.

The FTND-ST is widely used and has been applied in studies conducted to evaluate

nicotine dependence in India (D’Souza et al., 2012; Manimunda et al., 2012; Mony

et al., 2014), England (Croucher et al., 2012), Norway (Fagerstr€om et al., 2010),

Sweden (Fagerstr€om et al., 2010) and the United States (Ebbert et al., 2006,
on.2019.e01382
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2011). For example, Manimunda et al. (2012) used the FTND and the FTND-ST to

assess the use of and nicotine dependency to smoking and smokeless forms of to-

bacco among a cross-sectional sample of residents of India’s Andaman and Nicobar

Islands. Although smokeless tobacco use among the 18,018 participants surveyed

was significantly greater than that of tobacco smoking (p < 0.001), smokeless to-

bacco users were found to have a lower rate of nicotine dependence (p < 0.001).

The FTND-ST has also been applied to measure the efficacy of pharmaceutical in-

terventions in reducing nicotine dependency among smokeless tobacco users

(Ebbert et al., 2011; Fagerstr€om et al., 2010).
2. Method

A cross-sectional survey was implemented to explore potential associations between

nicotine dependence and demographic and smokeless tobacco use variables. Be-

tween January 2015 and June 2015 all patients reporting for a regular dental care

in the outpatient department at a dental hospital in Navi Mumbai were interviewed

by a trained dentist. The survey included demographic data (e.g., age (10 year range

between 20 and 60 and >60), gender, occupation, education, and income), seven

questions related to the use of smokeless tobacco, and the six question FTND-ST.

Variables related to the use of smokeless tobacco included current and prior use

(yes/no); form (tobacco, betel quid with tobacco, tobacco with lime, khaini (raw to-

bacco mixed with herbs), guthka (a sweetened and flavored chewing tobacco), and

mishri (tobacco containing teeth cleaning powder); frequency of use; age at first use;

duration of habit in years; and reason for starting to use smokeless tobacco. The

FTND-ST includes six questions related to time of first use in the morning; fre-

quency of swallowing tobacco juice; the chew during the day you would most

hate to give up; number of pouches chewed per week; frequency of use at different

times of day; and willingness to chew if sick and in bed most of the day (Ebbert et al.,

2006). The survey and consent documents were reviewed by the Terna Dental Col-

lege and Hospital and considered to be exempt as enrollment was voluntary. Respon-

dents were asked to provide written consent prior to the initiation of the survey.

Either a signature or thumbprint could be provided to demonstrate consent.

Surveys were completed on paper and double data entry was used to input responses

into Microsoft Excel (Redmond, Washington) to ensure data quality. For analysis,

data were imported in Stata v. 14.0 (College Station, TX). Counts and frequencies

were generated for each variable and bivariate analyses were performed using gener-

alized linear models to identify any associations between nicotine use (yes/no) and

very high nicotine dependence (score of 8 or higher on the FTND-ST) and demo-

graphic or smokeless tobacco use variables. Since the primary outcome of tobacco

use was common (prevalence ¼ 30.55%) and the data were cross-sectional, gener-

alized logistic regression models were used to produce crude risk differences and
on.2019.e01382
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95% confidence intervals to address the potential for an odds ratio to overstate the

effect sizes (Davies et al., 1998). Since nicotine dependence may be modified or

confounded by other characteristics, a predicted marginal risk model was used to

produce adjusted risk differences, controlling for other covariates.
3. Results

In the study sample, 30.55% (N ¼ 326) of those surveyed reported smokeless to-

bacco use, while 69.45% (N ¼ 741) did not use smokeless tobacco. Tobacco use

included primarily smokeless tobacco only, betelquid with tobacco, or other forms

of smokeless tobacco (Table 1).

Use of smokeless tobacco was not significantly associated with any demographic

factors in the crude analysis (Table 2). Results for crude risk differences for very

high nicotine dependence (versus lower nicotine dependence) among users of

smokeless tobacco were similar (Not shown).

While nicotine dependence was not significantly associated with any demographic

variables, very high nicotine dependence was associated with a younger age of initi-

ation of smokeless tobacco use (RD ¼ 0.14; 95% CI: 0.03, 0.25) (Table 3). When

compared with those who initiated use of smokeless tobacco over the age of 25, there

was an excess risk of very high nicotine dependence of 14% among those who initi-

ated smokeless tobacco use at age 25 or lower. Similarly, very high nicotine depen-

dence was also positively associated with frequency of use, with those who reported

daily use having an excess risk of very high nicotine dependence of 14% (95% CI:

2%, 27%).

Adjusted predicted marginal risk differences were similar in both direction and

magnitude to the crude results. If everyone in the sample were to initiate use of

smokeless tobacco at age 25 or less, the predicted probability of very high nicotine

dependence would be 67%, while initiation at an age greater than 25 would predict a

probability of very high nicotine dependence of 48%, a risk difference of 19% (Table

4). Similarly, if everyone in the sample were to use smokeless tobacco daily, the pre-

dicted probability of very high nicotine dependence would be 62%, while less than
Table 1. Smokeless tobacco usage and type, Navi Mumbai, India (N ¼ 1,067).

Use of smokeless tobacco N (%)

No 741 (69.45)

Yes 326 (30.55)

Smokeless only 132 (40.49)

Betel quid with tobacco 88 (26.99)

Other 106 (32.52)

on.2019.e01382
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Table 2. Distribution, Crude Risk Differences (RD) and 95% Confidence In-

tervals (95% CI) for demographic factors potentially associated with use of

smokeless tobacco (N ¼ 1,067).

Variable description Use tobacco
(N [ 326)

Do not use
tobacco (N [ 741)

RD (95% CI)

Percent (N) Percent (N)

Age (Years)
20e30 24.9 (81) 22.4 (166) 0.03 (�0.07e0.13)

31e40 27.3 (89) 25.2 (187) 0.02 (�0.07e0.13)

41e50 21.2 (69) 22.0 (163) 0.00 (�0.10e0.10)

51e60 14.7 (48) 18.1 (134) �0.04 (�0.14e0.07)

>60 12.0 (39) 12.3 (91) REF

Gender
Male 56.4 (184) 56.0 (415) 0.00 (�0.05e0.06)

Female 43.6 (142) 44.0 (326) REF

Level of education
Illiterate 13.2 (43) 12.0 (89) 0.09 (�0.02e0.20)

Primary school certificate 15.3 (50) 14.3 (106) 0.08 (�0.02e0.19)

Middle school certificate 24.2 (79) 22.1 (164) 0.09 (0.00e0.18)

High school certificate 21.5 (70) 21.5 (159) 0.07 (�0.02e0.16)

Intermediate/Post-high school diploma 15.6 (51) 15.7 (116) 0.07 (�0.03e0.17)

Graduate/Post-graduate/Professional 10.1 (33) 14.4 (107) REF

Occupation
Unemployed 27.9 (91) 28.1 (208) 0.03 (�0.05e0.11)

Unskilled worker 13.2 (43) 13.1 (97) 0.03 (�0.07e0.13)

Semi-skilled worker 18.7 (61) 18.5 (137) 0.03 (�0.06e0.12)

Skilled worker 22.7 (74) 20.1 (149) 0.06 (�0.03e0.14)

Clerical/Farmer/Professional 17.5 (57) 20.2 (150) REF

Income
Low 12.0 (38) 11.7 (89) 0.03 (�0.07e0.13)

Middle 69.9 (228) 66.0 (489) 0.05 (�0.02e0.12)

High 18.4 (60) 22.0 (163) REF
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daily use would predict a probability of very high nicotine dependence of 49%, a risk

difference of 13%.
4. Discussion

The findings of this study diverged from the well-established association between

early tobacco use and nicotine dependence. Unlike prior studies (Norberg et al.,

2011; Sreeramareddy et al., 2014), which have shown higher use of smokeless to-

bacco among younger persons as well as those with lower education and income,

in this study, there were no statistically significant associations between
on.2019.e01382
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Table 3. Distribution, Crude Risk Differences (RD) and 95% Confidence In-

tervals (95% CI) for tobacco use factors potentially associated with very high

nicotine dependence (N ¼ 326).

Variable description Very high nicotine
dependence
(N [ 193)

Lower nicotine
dependence
(N [ 133)

Crude RD (95% CI)

Percent (N) Percent (N)

Form of tobacco use
Tobacco 37.7 (72) 44.3 (58) �0.05 (�0.17e0.08)

Betel quid with tobacco 29.3 (56) 23.7 (31) 0.04 (�0.09e0.18)

Other 33.0 (63) 32.1 (42) REF

Age at initiation
�25 years old 60.5 (115) 46.2 (61) 0.14 (0.03e0.25)

>25 years old 39.5 (75) 53.8 (71) REF

Duration of tobacco use
�10 years 54.2 (103) 55.3 (73) �0.02 (�0.16e0.11)

11e20 years 22.1 (42) 22.7 (30) �0.02 (�0.18e0.13)

>20 years 23.7 (45) 22.0 (29) REF

Frequency of use
Daily 79.8 (150) 68.9 (91) 0.14 (0.02e0.27)

Occasionally 20.2 (38) 31.1 (41) REF

Age

20e40 years 52.3 (101) 51.9 (69) 0.00 (�0.10e0.11)

Above 40 years 47.7 (92) 48.1 (64) REF

Income
High 12 (6.22) 15 (11.28) �0.16 (�0.36e0.40)

Middle 61 (31.61) 40 (30.08) 0.00 (�0.12e0.12)

Low 120 (62.18) 78 (58.65) REF
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demographic variables and either use of smokeless tobacco or very high nicotine

dependence. The fact that there were few differences between demographic groups

for either smokeless tobacco use or nicotine dependence suggests that further

research focusing on other factors related to the use of and dependence on smokeless

tobacco as well as increased use of risk differences and marginal risk models is war-

ranted. The absence of statistically significant associations between demographic

variables and use of smokeless tobacco or very high nicotine dependence in this

study could be due to the use of adjusted risk differences, rather than odds ratios.

However, associations between demographic variables and use of smokeless to-

bacco or very high nicotine dependence are well established in literature.

Younger age of initiation of smokeless tobacco use and daily use were both posi-

tively associated with very high nicotine dependence in both crude and adjusted

models. These findings may provide public health authorities with priorities for

the development and implementation of interventions focused on increasing the
on.2019.e01382
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Table 4. Distribution, Predicted Marginal Risk Differences (RD) and 95%

Confidence Intervals (95% CI) for tobacco use factors potentially associated with

very high nicotine dependence (N ¼ 326).

Variable description Predicted marginal RD (95% CI) Adjusted RD

Age at initiation
�25 years old 0.67 (0.60e0.74) 0.19

>25 years old 0.48 (0.39e0.57) REF

Duration of tobacco use
�10 years 0.61 (0.53e0.69) 0.05

11e20 years 0.55 (0.44e0.67) �0.01

>20 years 0.56 (0.42e0.70) REF

Frequency of use
Daily 0.62 (0.56e0.68) 0.13

Occasionally 0.49 (0.38e0.59) REF

Age
20e40 years 0.55 (0.45e0.64) �0.07

Above 40 years 0.62 (0.53e0.71) REF

Income
High 0.38 (0.20e0.56) �0.22

Middle 0.61 (0.52e0.70) 0.01

Low 0.60 (0.53e0.67) REF
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age of initiation to smokeless tobacco (e.g., school-based or sports-based youth cam-

paigns) and decreasing the frequency of use (e.g., regulations on sales of smokeless

tobacco or increases in taxes on smokeless tobacco products). It is unclear whether

recent efforts to ban the production and sale of packaged smokeless tobacco have

been enforced or effective at increasing age of initiation or frequency of use

(Arora and Madhu, 2012; Khan et al., 2014). Additional research related to the social

determinants of dependence on smokeless tobacco are also warranted (Palipudi

et al., 2012), particularly in South Asia where smokeless tobacco is highly socially

acceptable (Gupta and Ray, 2003; Kakde et al., 2012); however, these factors were

unable to be assessed with the data available from our survey.

The use of predicted marginal risk differences to make inferences about population

average risk differences presents public health authorities with potential avenues for

evaluating the impact of these types of behavioral or policy interventions in reducing

high nicotine dependency. For example, if initiation of smokeless tobacco use in the

population residing in the catchment area of this clinic could be delayed until age 25,

this could result in a reduction in very high nicotine dependence of 20%. Given an

estimated prevalence of smokeless tobacco use of 33%, and a population of more

than 112 million in the State of Maharashra, which includes Navi Mumbai, a reduc-

tion of 20% among the 37 million users of smokeless tobacco would mean a reduc-

tion of nearly 7 million people with very high nicotine dependence. More critically,
on.2019.e01382
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since approximately 88% of women in India who use tobacco use smokeless tobacco

exclusively, the potential public health benefits to women are even greater

(International Institute for Population Sciences, 2010).

This study has several important limitations. While the Fagerstrom Tolerance Ques-

tionnaire and the adapted FTND are the most widely used measures in tobacco

dependence assessment, they are based on self-reported measures and were not

developed using standard psychometric methods (Mushtaq and Beebe, 2012). If

those at highest risk for very high nicotine dependence are also more likely not to

be included in the survey, there is the potential for response bias. While all patients

receiving dental check-ups were required to pay ten Indian Rupees (approximately

$0.15), surveys were conducted with all patients who visited the outpatient clinic of

a dental hospital during regular weekday clinic hours e 9am to 1pm e over a period

of 6 months. Recall bias is possible, particularly as related to age of initiation, which

could have been many years prior to the completion of the survey. Berkson’s bias is

also possible since the survey was conducted among a subpopulation that included

only clinic patients, who were likely different in terms of income, education, and

other characteristics than the general population. This survey relied on self-

reported measures of tobacco use and did not include clinical verification of reported

use. In addition, no data was collected about the potential for using smokeless to-

bacco as a substitute for combustible tobacco products. Some respondents may

have been hesitant to report tobacco use factors to clinic staff conducting the survey;

however, with an estimated prevalence of more than 30% in many parts of India, so-

cial response bias related to the use of smokeless tobacco is likely limited. Estimates

of the potential reduction in the number of residents of Navi Mumbai with high

levels of nicotine dependence due to the implementation of laws or policies to delay

initiation of smokeless tobacco cannot account for the potential contribution of

illegal sales or the health impacts due to the initiation of cigarette smoking. Due

to the nature of the questionnaire, only the demographic and tobacco use character-

istics of the individuals were assessed, meaning that another limitation of the study is

that documentation of intra- and inter-personal factors were not included. Finally,

neither the role that anti-tobacco programs or policies developed or implemented

by government agencies or non-governmental organizations in curbing nicotine

dependence nor the role of marketing by tobacco companies is promoting nicotine

dependence could be assessed.
5. Conclusion

The high prevalence of tobacco use, including smokeless tobacco, in developing

counties such as India presents a major challenge for public health authorities.

This clinic-based study in a suburb of Mumbai identified two potential avenues

for public health intervention, increasing the age of initiation of use of smokeless
on.2019.e01382
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tobacco and reducing the frequency of use to less than daily. The use of epidemio-

logic measures such as predicted marginal risk differences can provide authorities

with evidence-based tools to assess the effectiveness of interventions and to quantify

their efficacy.
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