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Abstract
Aim India has been predicted to have the fastest increase in deaths attributable to tobacco in the first 2 decades of the twenty-first
century. Consequently, it is imperative to examine the extent of nicotine dependency among adults in India. Themain objective of
the present article is to characterize nicotine dependency related to smoking and smokeless tobacco among adults according to
age, education level, duration of use and other socioeconomic characteristics.
Subjects and methods We analyzed Global Adult Tobacco Survey (GATS) 2010 data for 9190 smokers and 13,357 smokeless
tobacco users who were 15 years of age or older. Time to first tobacco use of the day was used as a measure of nicotine
dependence. We employed a decision tree algorithm from SAS Enterprise Miner to conduct classification analysis to establish
the relationship among nicotine dependency for smoking, smokeless tobacco use, and its predictors.
Results More than 65% of smokers and 54.3% of smokeless tobacco users were nicotine dependent. The decision tree results
showed that the most important explanatory variable for the prediction of smoking dependency was duration of smoking
followed by education, gender and region. For smokeless tobacco use, duration of smokeless tobacco use was also the most
important explanatory variable followed by education, occupation and age.
Conclusions Smoking and smokeless tobacco use dependencies are driven by different sets of demographic and socioeconomic
predictors. Suitable plans for tobacco cessation need to be implemented based on the type of tobacco and particularly duration of
use, which was found to be the most important determinant of quitting.
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Introduction

The burden of the tobacco epidemic hinders society and eco-
nomic progress as the combined costs of tobacco-related deaths
and related productivity losses drain the global economy each
year (Shafey et al. 2009). A substantial proportion of current
global tobacco users reside in developing countries such as
India. India is also one of the few countries in the world where
prevalences of both smoking and smokeless tobacco use are
high (Reddy and Gupta 2004). Tobacco use is the causal risk

factors for many types of cancers and other diseases. According
to theWorld Health Organization, nearly 6 million deaths occur
every year because of tobacco use in India, a figure that will rise
to 8 million deaths by 2030 (World Health Organization 2008).
In a nationally representative study, it was estimated that
smoking caused about 930,000 adult deaths in India in 2010,
with 70% of these deaths occurring in the 30–69-year age group
(Jha et al. 2008). Smokeless tobacco use is related to oral cancer
and cancer of the head, neck, oesophagus and pancreas (World
Health Organization 2008). The Government of India has en-
hanced their involvement in tackling India’s tobacco problem.
The Cigarettes and Other Tobacco Products Act (COTPA) of
2003 prohibits smoking in public places, forbids sale of tobacco
products to and by minors under 18 years of age, bans the sale
of tobacco products within 100 yards of all educational institu-
tions and makes pictorial health warnings on tobacco products
packagesmandatory (Government of India 2003). TheNational
Tobacco Control Programme (NTCP) was implemented in
2007–2008 (Government of India 2008) to enforce the
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COTPA provisions. The above-mentioned acts and various oth-
er programmes have contributed towards the fight against to-
bacco use in public places.

Different forms of tobacco use are prevalent in India.
Smoking, as well as smokeless tobacco use, is predominant
among males, whereas the vast majority of females use smoke-
less tobacco. Cigarette smoking among females is not widely
accepted in India, although it is gaining popularity among the
elite in urban areas (Aghi et al. 2001; Kaufman and Nichter
2001). The recent Global Adult Tobacco Survey India (GATS
India) data revealed that 35% of adults in India use tobacco.
Bidi is the most commonly used smoking product followed by
the cigarette. Use of smokeless tobacco (often consumed by
chewing) is also prevalent. Khaini or a tobacco-lime mixture
is the most commonly used smokeless tobacco product. The
prevalence of smokeless tobacco products, except dentifrice, is
higher among males than females (Ministry of Health and
Family Welfare, Government of India 2010). Several studies
in India provide information about the estimated prevalence
of tobacco use along with selected characteristics and factors
affecting it (Rani et al. 2003; Subramanian et al. 2004; Singh
and Ladusingh 2014). There are also a few studies about pat-
terns of use and age of initiation for tobacco consumption
(Manimunda et al. 2012; Singh and Ladusingh 2014).
Although tobacco is extremely addictive, few studies have ex-
amined the level of tobacco use dependency in India (Chandra
et al. 2005; Manimunda et al. 2012; Islam et al. 2014; Parashar
et al. 2016). Most of the past research on nicotine dependency
was either based on localized studies or limited to specific focus
groups in terms of their tobacco habit (Chandra et al. 2005;
Islam et al. 2014). In the context of the high prevalence of
tobacco use in the country, its extremely addictive nature as
well as the associated health hazards, there is an urgent need
to measure the rates of tobacco use in India. The GATS is the
first large-scale tobacco survey to collect reliable information
on tobacco use in India among adults aged 15 years and above.
This survey gives us an opportunity to investigate the degree of
nicotine dependency and its associated socioeconomic, demo-
graphic and knowledge-related factors (Ministry of Health and
Family Welfare, Government of India 2010). To assess the
effect of socioeconomic, demographic and knowledge-related
factors on nicotine dependency and identify the risk subgroups,
we used novel statistical techniques to create a framework for
measuring nicotine dependency and tested the model to ascer-
tain the contribution and relative importance of each predictor.

Methods

Data source

Data from the GATS India were used for this study. GATS
India is the first comprehensive, nationwide, multistage

sampling survey to measure tobacco use in India. It was con-
ducted in 2009–2010 as a household survey of adults aged
15 years and above. A total of 69,296 interviews were com-
pleted, of which 33,767 and 35,529 were with males and
females respectively. The survey design was multistage, with
two stages in the rural and three stages in the urban areas.
Several questions related to the extent of nicotine dependency
were asked. The most important was BHow soon after you
wake up do you usually smoke for the first time?^. A similar
set of questions was asked about smokeless tobacco use.

Measuring nicotine dependency

Several measures of nicotine dependency have been reported
in the literature. Most of those commonly used in large survey
studies assess dimensions such as the extent of tobacco use
calculated in terms of frequency of daily use (e.g. number of
cigarettes smoked per day) (Sargent et al. 1998) or minutes to
first use of tobacco upon awakening (Son et al. 1997). The
extent of nicotine dependency in this study was measured
using first use of tobacco after waking up, measured in mi-
nutes, since it appears to show a pattern of heavy, uninterrupt-
ed tobacco use and may be a good single-item measure of
nicotine dependence. Daily tobacco users whose first use of
a smoking/smokeless tobacco product was within 30 min of
waking up were the dependent variable in this study (yes/no).

Independent variables

The independent variables used in this study were age in years
(15–24, 25–44, 45+), gender (male/female), place of residence
(rural/urban), education (no education, less than primary, pri-
mary but less than secondary, secondary and above), occupa-
tion (government or non-government employee, self-
employed, student, homemaker, retired/unemployed), dura-
tion of use of smoking/smokeless tobacco products in years
(< 15, 15–24, 25+), knowledge that exposure to smoking/
smokeless tobacco causes serious illness (yes/no), smoking
allowed in home (yes/no), thought of quitting smoking/
smokeless tobacco after seeing warning labels on tobacco
products (yes/no), number of household members and geo-
graphical region in India.

Statistical analysis

Bi- and multivariate analyses were carried out to assess the
effect of socioeconomic, demographic and knowledge-related
factors on nicotine dependency and identify the risk sub-
groups. Bivariate analysis was performed using SAS 9.4.
Decision tree analysis was used to predict the likelihood of
nicotine dependency and examine the significance of different
predictors in the multivariate analysis. Decision tree method-
ology is a commonly used data mining method for
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establishing classification systems based on multiple covari-
ates or for developing prediction algorithms for a target-
dependent variable. It classifies a population into branches
that construct an inverted tree with a root node, internal nodes
and leaf nodes. Decision trees involve splitting the data into
groups by successively dividing the data into subgroups based
on empirically derived associations between the response
(target) and one or more predictor variables. A decision tree
incorporates both a stepwise forward procedure that adds
model terms and a backward procedure for pruning and con-
ducts variable selection by only including useful and signifi-
cant variables in the model. All observations are first sorted
into bins based on the predictor value(s). Criteria are
established for each predictor to determinewhich observations
go into which bins in such a way as to maximize the associ-
ation with the response. Then, the predictors that have the best
association with the target variable are divided in a particular
subgroup. The decision tree algorithm is non-parametric and
can efficiently deal with complex data sets without imposing a
complicated parametric structure. The study sample was di-
vided into training (60%) and validation (40%) data sets. The
training data set was used to build a decision tree model, and
the validation dataset was used to select the appropriate tree
size to achieve the optimal final model. This study used the
decision tree dialogue box in SAS Enterprise Miner 9.4.

Results

Table 1 shows the percentage of daily tobacco users consum-
ing first tobacco within 30 min of waking up according to the
variables selected for the decision tree model. This proportion
was 53% in the 15–24-year age -group and increased to 67%
in the 45-year + age group. Similarly, among smokeless to-
bacco users, the figures varied from 41% in the 15–24-year
age group to 59% in the 45-year+ age group. More male daily
smokers (66.7%) than female smokers (59.6%) smoked for
the first time within 30 min after waking up; no significant
gender variation was found for the smokeless tobacco users.
Among current users of tobacco, the consumption of tobacco
products within 30 min after waking up decreased sharply the
higher the educational attainment level. The prevalence
among smokers with no education was 69.2% and among
secondary and above educated smokers was 56.7%.
Similarly, the consumption of smokeless products also
showed a decreasing pattern from 58.9 to 49.6% in similar
subgroups. Dependency on the consumption of tobacco in-
creased with duration of use among daily tobacco users. A
positive relationship was observed between duration of use
and first tobacco consumption of the day. A higher proportion
of daily smokers (71.3%) who had been smoking for more
than 25 years smoked their first smoking product within
30 min of waking up compared with 57% of those who had

been smoking for less than 15 years. Similarly, 63.3% of
smokeless tobacco users with more than 25 years of use took
tobacco within 30 min of waking up. Overall, dependency
was higher among smokers than smokeless tobacco users.
Significant regional variation in the first tobacco use pattern
was observed. The proportion among smokers varied from
57.1% in the North to 70.7% in the South. Similarly, among
smokeless tobacco users, the figures varied from 42.4% in the
Northeast to 57.6% in the West. Knowledge of the associated
health hazards was negatively related with first tobacco use
within 30 min. The proportion among smokers who were not
aware of its associated health hazard was 67.6%, compared
with 65.6% of those smokers whowere aware of its associated
health hazard. Similarly, the consumption among smokeless
tobacco users who were not aware of its associated health
hazard was 57.7% compared with 53.8% among users who
were aware of the smokeless tobacco use health hazard.

Decision tree models were used to predict nicotine depen-
dency for smokers and smokeless tobacco users in India. To
establish the predictive ability of the decision tree models,
their misclassification rates and other fit statistics were esti-
mated. Table 2 shows the fit statistics of the decision tree
models for smoking and smokeless tobacco dependency.
The misclassification rate for the smoking model was 0.34
and 0.43 for the smokeless tobacco use model. This shows
that the decision tree models classified two-thirds of the nico-
tine dependency outcomes for smoking and smokeless tobac-
co correctly.

Figures 1 and 2 show the results of the decision tree
models for smoking and smokeless tobacco dependency.
The top-level (root) node of the smoking dependency deci-
sion tree model (Fig. 1) shows that of the 9190 respondents
to the survey, 65.7% were classified as smokers with higher
nicotine dependency (coded as 1), while 34.3% were clas-
sified as less dependent smokers (coded with 0) in the train-
ing and validation data set. Under the root node, duration of
smoking, gender, education and regional variables satisfied
the minimum criteria based on logworth values (at p < 0.05)
selected in the machine-learning based decision tree model-
ling. Duration of smoking further characterized the
smoking dependency outcome. Long-term smokers are
more dependent and constitute the most significant predic-
tor in the decision tree. Of the long-term smokers (more
than 15 years), 70% were more addicted to tobacco con-
sumption compared with 57.5% of short-duration smokers
(< 15 years). Short-duration smokers could be further cate-
gorized based on educational attainment. Education played
a significant role in classifying the dependent users and was
statistically proven at the 5% level of significance. The less
well educated short-duration smokers (< 15 years) were
more addicted (60.4%) than the higher educated (49.5%).
Low-educated, short-duration smokers were further classi-
fied based on gender, showing higher dependency among
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male smokers. Regarding region, it could be shown that
highly educated smokers from the south and west of India
had significantly higher levels of nicotine dependency.

The second decision tree classification graph (Fig. 2) rep-
resents dependency among smokeless tobacco users. Under
the root node, duration of use, education, occupation, age,

Table 1 Percentage of daily tobacco users whose first use is within 30 min of getting up (India, 2009–2010)

Smoking p valuea Smokeless tobacco p valuea

Overall 65.9 54.3

N 9190 13,357

Age (in years)

15–24 53.3 0.000 41.1 0.000

25–44 65.9 55.1

45+ 67.9 59.3

Gender

Male 66.7 0.000 54.4 0.003

Female 59.6 54.3

Residence

Rural 66.9 0.056 55.5 0.001

Urban 62.5 49.9

Education level

No education 69.2 0.000 58.9 0.000

Less than primary 64.5 52.7

Primary but less than secondary 66.7 51.0

Secondary and higher 58.1 49.8

Occupation

Government/ non-govt employee 67.0 0.000 57.1 0.000

Self-employed 67.2 55.3

Student 38.3 34.6

Homemaker 62.0 49.5

Retired/unemployed 61.6 56.3

Duration of use (in years)

< 15 57.3 0.000 46.8 0.000

15–24 68.8 59.4

25+ 71.3 63.3

Region

North 57.1 0.000 54.7 0.000

South 70.7 54.4

East 62.4 54.0

Northeast 57.6 42.4

West 60.0 57.6

Central 69.0 54.6

Smoking allowed in home

Yes 67.1 0.000 –

No 57.8 –

Awareness that smoking/smokeless tobacco causes serious illness

No 67.6 0.778 57.7 0.133

Yes 65.6 53.8

Thought of quitting after seeing warning labels

No 64.9 0.534 56.0 0.044

Yes 67.6 51.1

a p value refers to chi-square test
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gender and regional variables satisfied the minimum criteria
based on logworth values (at p < 0.05) for selection in the
machine-learning-based decision tree modelling. The top-
level root node of the tree structure depicts that out of the
13,357 respondents to the survey, 54.1% were classified as
smokeless tobacco users with higher nicotine dependency,
while 45.9% were classified as less dependent users (coded
with 0). This was true for both the training and validation data
set. This decision tree again shows that the duration of tobacco
consumption in its smokeless form plays the most significant
role in classifying smokeless tobacco dependent users com-
pared with other independent variables. The smokeless users
who had been consuming smokeless tobacco for more than
25 years were more addicted compared with those who had
started less than 15 years ago. Educational attainment only
played a prominent role in those who had been consuming
smokeless tobacco for more than 25 years. Of the long-
duration illiterate smokers, 67.6% were addicted compared
with 57% of the more highly educated users. Short-duration
users were further classified into further significant subgroups
by occupational category, age and education. Government and

non-government employees, self-employed and the retired or
unemployed were more addicted than students and home-
makers. Middle-aged adults (25–44 years) working in
government/non-government sectors, self-employed and the
retired or unemployed had a significantly higher dependency
rate than older or young adults.

Discussion

Previous studies based on diverse small- or large-scale sur-
veys on nicotine dependency in India have exhibited a high
degree of variability in study design, location, population
characteristics and outcomes. GATS India data are the first
representative and reliable survey of India to provide compre-
hensive information about tobacco dependency in the form of
first use of tobacco in a day. Understanding tobacco use de-
pendency has implications for tobacco cessation programmes
in India. Tobacco control needs in India are large and complex
because of the high number of tobacco users in the country.
Evaluation of use and dependency outcomes to date has been
limited in India. This study provides useful insights into the
significant predictors of nicotine dependency in India using a
decision treemodel approach. Unlike other regressionmodels,
decision trees present data in a visual format. For health pol-
icy-makers, decision trees more readily allow greater transpar-
ency in the interpretation of the factors that result in more or
less health equity (Bierman et al. 2015). Furthermore, they
make it possible to identify the combinations of factors that
constitute the highest (or lowest) risk for a condition of inter-
est—in our case, nicotine dependency. Studies on the subject
have mainly identified a number of main effect predictors.
However, there is little information about how these variables

Fig. 1 Decision tree model results for smoking dependency

Table 2 Fit statistics of decision tree models

Smoking Smokeless tobacco

Training Validation Training Validation

Sum of frequencies 5512 3678 8013 5344

Misclassification rate 0.34 0.34 0.43 0.42

Minimum absolute error 0.74 0.74 0.71 0.71

Sum of squared error 2428.88 1636.06 3875.09 2593.71

Average squared error 0.22 0.22 0.24 0.24

Root mean squared error 0.47 0.47 0.49 0.49
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interact with one another to produce multiplicative patterns of
risk or identification of subgroups of tobacco users who might
have a higher risk for tobacco dependency. The decision tree
method, on the other hand, can identify and demarcate cases
by each factor having a legitimate impact on nicotine depen-
dency and can ascertain the potential effect of the interaction
of different risk factors. This statistical modelling technique is
thus ideally suited to examine the complex interplay of these
factors. To our knowledge, ours is the first study to use the
decision tree modelling approach to study nicotine dependen-
cy among the adult population in India.

Tobacco use in India is clearly a big burden in terms of its
magnitude and different forms (Singh and Ladusingh 2014).
This study also indicated that nicotine dependency in India is
significantly high. More than 65% of smokers and 54% of
smokeless tobacco users consume tobacco within 30 min after
waking up. These figures are close to those previously report-
ed for nicotine dependency among adults in India (Chandra
et al. 2005; Manimunda et al. 2012) and clearly indicate a
large dependency on tobacco use in India. People with higher
dependency are also less likely to quit tobacco products (Islam
et al. 2014).

The decision tree model used in this study shows that the
duration of tobacco use is the most important risk factor for
nicotine dependency in India, i.e. higher duration of tobacco
use leads to higher dependency on smoking or smokeless
tobacco. This finding is in line with earlier studies that also
showed that the longer the duration of tobacco use, the higher
the dependency among tobacco users and that the duration of

tobacco use is an important predictor of nicotine dependency
(Branstetter et al. 2015). Poorly educated, long-duration male
smokers are another high-risk category with significantly
higher smoking dependency. This finding indicates that edu-
cation up to a certain level is necessary to reduce nicotine
dependency among smokers in India. We also found that in-
creases at each level of education have a negative relation with
nicotine dependency among smokeless tobacco users.
Illiterate long-duration (25 years+) users are the highest risk
group for smokeless dependency. Previous studies conducted
among rural users and institutionalized populations also indi-
cate that low levels of education are related to higher depen-
dency on tobacco use (Chandra et al. 2005; Jayakrishnan et al.
2012). A recent study in India shows that there is inadequate
knowledge of the hazards associated with smokeless tobacco
among both smokeless tobacco users and health care pro-
viders (Murthy et al. 2018).

Among short-duration tobacco users, employed people in
government and non-government offices or self-employed in
the age group 25–44 years have a significantly higher depen-
dency on smokeless tobacco. It has been established that the
majority of users started using smokeless tobacco because of
peer pressure (Murthy et al. 2018). These findings support the
role of workplace stress in the initiation of smokeless tobacco
and higher dependency. In 2008, the Indian government
banned smoking in workplaces and other public places to
protect people from secondhand smoke (Kaur and Jain
2011). However, there is no specific law to regulate smokeless
tobacco use in the workplace. Several factors, including weak

Fig. 2 Decision tree model results for smokeless tobacco use dependency
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enforcement of tobacco control policy and insufficient infor-
mation about the harmful effects of tobacco, contribute to
higher use of tobacco (Sinha et al. 2011). High dependency
on smoking and smokeless tobacco products poses a serious
challenge for tobacco cessation programmes in India, which
are currently focused on smokers. However, campaigns also
need to be directed toward smokeless tobacco use, where the
cultural sanctioning and normative attitudes with poor under-
standing of its harmful effects and potentially addictive nature
all encourage the maintenance of smokeless tobacco use in
Indian communities.
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