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Main drivers of tobacco consumption 
among adolescents: 
the case of Kyrgyzstan

Abstract 

Tobacco smoking among youth is a global concern. Tobacco's dangers and the probability of addiction are often underestimated 
by young people. Preventing tobacco consumption among youth is critical since tobacco-related illnesses will take away the 
lives of considerable number of young people who continue to smoke into adulthood. Youth are more vulnerable to nicotine 
(Goriounova and Mansvelder 2012) and may become addicted to it quicker than adults may. Even though they decide to quit in 
a few years, three out of four teen smokers continue to smoke into adulthood due to nicotine addiction.

The main purpose of this study is to investigate the tobacco consumption of adolescents in Kyrgyzstan. For this aim, a school-
based survey of students aged 13-15 years was utilized. Global Youth Tobacco Survey was conducted in 2019 by Centres 
for Disease Control and Prevention. The questionnaire consists of 56 questions. This survey was conducted in order to get 
knowledge about adolescents’ attitudes about smoking.

The Heckman selection model was employed for the empirical analysis. In the light of obtained results, it can be concluded 
that the main drivers of tobacco consumption among adolescents are age, gender, amount of spending money, parental smoking 
status, among others. The results indicate that tobacco consumption is higher among males. Parents’ smoking habit leads to a 
higher probability of an adolescent to become a smoker in the future.

The outcomes from this study may provide some insights into the policies implemented to lessen smoking among adolescents 
not only for Kyrgyzstan but also for other countrie
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1. INTRODUCTION

Each year eight million people lost their lives because of smoking. In other words, one death occurs every five 
seconds (Martin 2020). It costs the world 2 trillion dollars due to rising health related costs and productivity loss 
(UNDP 2019). It is considered that fifty percent of today’s children and youth who consume tobacco will not live 
until the age of 70. Every consumed tobacco takes 11 minutes off your life (Martin 2020).

Tobacco smoking among young people is a serious problem both developed and developing countries have to 
manage. According to estimates, more than 10% of 13–15 years old students consume tobacco in some way.  
Furthermore, about 3 out of 4 school smokers will become adult smokers (US Department of Health and Human 
Services 2014).

Borracci and Mulassi (2015) reported that smoking even one cigarette a month during adolescence was strongly 
linked to adult tobacco use, suggesting that many adult smokers could be prevented if smoking was not commenced 
during adolescence. It implies that preventing adolescents from smoking is critical since it has a long term impact. 
This finding emphasizes that by preventing the tobacco consumption of young people, the health status of the 
whole nations can be improved. Young people are known to be more likely to be influenced by those around 
them. Tobacco usage is portrayed as a societal norm in films, music videos, and advertisements leading younger 
generation to smoke. 

Youth’s smoking behavior is affected by the tobacco industry’s advertising and marketing campaigns to a greater 
degree compared to the adult smoking behavior (Pollay et al 1996).  Almost nine out of ten smokers that start 
smoking by the age of 18, and more than 80% of young smokers select tobacco brands which are the top three most 
heavily marketed brands (US Department of Health and Human Services 2017).

 Additionally, they are more likely to become a smoker if their parents or peers do smoke. These findings underline 
once more that preventing tobacco consumption among adolescents is a worldwide concern requiring the attention 
from both families and governments.

As in other countries, youth smoking is widespread in Kyrgyzstan. Kyrgyzstan is a landlocked country in the 
Central Asia with a population of 6.5 million people. The prevalence of the current tobacco use (% of adults) is 
27.9% (World Bank 2020). Figure 1 shows that the prevalence of daily smoking among people aged 10 years old 
and above is considerably high among the Central Asian countries. 

Figure 1. Prevalence of Daily Smoking Aged 10 Years Old and Above (1990 to 2016)

Source: IHME, Global Burden of Disease, Our World in Data.
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Figure 2. Smoking Death Rate (1990-2017)

Source: IHME, Global Burden of Disease, Our World in Data.

In Kyrgyzstan 16 women lose their lives due to tobacco consumption every week (The Tobacco Atlas 2021). About 
2500 boys and 700 girls aged 10-14 years old are using tobacco daily. This indicates that smoking consumption 
is widely spread among adolescents, too (The Tobacco Atlas 2021). In Kyrgyzstan the economic cost of smoking 
is 6450 million som including both direct and indirect costs associated with healthcare spending and reduced 
productivity as a result of premature mortality and morbidity (The Tobacco Atlas 2021).

Widespread tobacco consumption among adolescents is a sign of a great threat to the health of the total population. 
The findings of research conducted in 2017 demonstrate that there are many tobacco points of sale (POS) near 
the schools in Kyrgyzstan (Kyrgyzstan Tiny Targets Report 2018). The results indicate that in these POS 88.9% 
of all tobacco products were displayed in front of children; 61.1% of all tobacco were displayed near sweets or 
toys, and in 87.3% of POS cigarettes are sold by piece (Kyrgyzstan Tiny Targets Report 2018). All these factors 
may contribute to the spread of cigarette consumption among school pupils. Since children are our future, not only 
families but governments as a whole should care about children’s health. All necessary steps should be taken in 
order to prevent the spread of smoking among adolescents.

The main purpose of this study is to explore the main drivers of tobacco consumption among adolescents in 
Kyrgyzstan. In the empirical analysis, GYTS (Global Youth Tobacco Survey 2019) data on tobacco consumption 
were employed. The Heckman (1979) selection model was employed to investigate the main drivers of smoking 
among adolescents. The main advantage of this specification is that it takes zero consumption observations into 
consideration.  This is the case when the sample contains observations in which the dependent variable is zero 
and this feature is particularly notable among addictive goods like cigarettes (Yen 2005). Selection and outcome 
equations are estimated in the empirical analysis. Selection equation considers the main factors which affects 
adolescents’ decision to smoke, while outcome equation determines the factors that influence the amount of 
tobacco used. 

The remainder of this study is structured as follows. A brief review of the literature is presented in the second 
section. Third section is devoted to the dataset and variables utilized in the empirical analysis. Methodology and 
obtained findings are discussed in the fourth section. Discussion and conclusion are presented in the last section.
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2. LITERATURE

The main contributing factors of smoking have been elaborated by researchers in the context of different countries. 
They focus on the factors associated with the current status of tobacco use among adolescents, adults, men and 
women separately.  The findings indicate that the main drivers of tobacco consumption are age (Alasqah et al. 
2021), gender (Granja et al. 2020), marital status (Alkan and Abar 2020), parental smoking status, education level 
(Klosterhalfen et al. 2021), socioeconomic status, living environment (Aho et al. 2018), social factors (Lazurenko 
et el. 2020), among others.

Below is a brief overview of previous studies grouped by factors that promote smoking.

The previous literature suggests that the social factors are crucial factors which have an impact on smoking 
behaviour of youths. Bonilha et al. (2013) concluded that social smoking is a more important motivator for 
adolescents compared to adult smokers. Lazurenko et al. (2020) investigated the main motives for smoking 
behaviour among students studying at college in Russia. According to their findings, smoking is considered as 
a tool of communication and integration for college students. In other words, social factors were found to be 
significant in explaining tobacco smoking. 

Another group of studies concluded that lifestyle factors were main drivers of smoking. Mutlu Çamoğlu (2013) 
in case of Turkey revealed that the stress of urban life and working environment is important factor influencing 
smoking. Alkan and Abar (2020) investigated the factors of influencing tobacco smoking in Turkey. Logistic 
and probit regression results unveiled that age, gender, education, marital status, fruit consumption, exposure to 
tobacco smoke at home, and frequent of alcohol consumption were found as determining factors of smoking. La 
Fauci et al. (2021) investigated the impact of individual habits, lifestyles, the presence of smokers in the family 
and the use of electronic cigarettes on tobacco consumption among adults in Italy. The results indicate that if there 
is one smoker in the family it increases the likelihood of being a current smoker three times higher. Alcohol and 
coffee consumption, being unemployed and being a student were found to be contributing factors to smoking. 
Alkan and Ünver (2021) explored the main determinants of female’s smoking behaviour. Logistic regression 
results indicated that age, education level, working conditions, income, general health status, psychosocial support 
conditions, and alcohol consumption were statistically significant variables in explaining smoking behaviour. 
Guimarães et al. (2021) revealed that the absence of religious beliefs, unhealthy eating habits, illicit drug abuse, 
and self-rated health were the main drivers of smoking behaviour of students in Brazil. Jain et al. (2021) reported 
that smokeless tobacco use (i.e. loose leaf, plug, twist, snus, or snuff) often leads to the increased consumption 
of cigarettes, e-cigarettes, and alcohol employing multivariable logistic regression models for the United States.

The results of other studies indicated that living environment was more critical in spreading tobacco consumption. 
De Vries et al. (2003) explored the impact of parents’ and friends’ smoking behaviours the on smoking status 
of adolescents in six European countries. By employing multiple regression model they investigated predictors 
of smoking. The results indicated that parents’ and friends’ smoking behaviours were found to be statistically 
significant in explaining the tobacco consumption of adolescents. Aho et al. (2018) investigated factors affecting 
smoking behaviour of Finnish vocational school students. Multinomial regression model results suggested that 
mother’s smoking status was more influential on adolescent daily tobacco consumption. 

The findings of other studies emphasized that age and gender were major contributing factors to smoking. Granja 
et al. (2020) reported that the habit of smoking was more prevalent among male students studying at a Brazilian 
private university. Alasgah et al. (2021) explored smoking predictors among adolescents using Saudi Arabian 
cross-sectional survey data. Their results revealed that age, gender, and academic performance were main drivers 
of smoking. Similarly, a study for Germany by Klosterhalfen et al. (2021) revealed that the water pipe consumption 
was associated with older age, male, migration background, lower educational level, and current smoking status. 

A group of researches focusing on the ICT (Information and Communication Technologies) use  and concluded 
that cell phone use and video games were the main motives for smoking among adolescents. Piola et al. (2021) 
explored the relationship between cell phone use and tobacco consumption among adolescents with different 
physical activity levels. Logistic regression results indicated that the cell phone use was a risk factor for alcohol 
and tobacco consumption. Garсia-Garсia et al. (2021) assessed the relationship between video games and tobacco 
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smoking among adolescents living in Spain. They concluded that there was a positive association between those 
two variables.

According to the results of other researches, it can be concluded that income was a major influencing factor of 
smoking. Donfouet et al. (2021) assessed the determinants of smoking use in Kenya. They concluded that poorer 
households were more impacted by tobacco use than richer households were. Using Korean data, Kim and Park 
(2021) investigated the impact of tobacco price on smoking behaviour. The findings indicated that cigarette price 
increases had no statistically significant impact on smoking cessation among smokers.

Advertising was found to be a contributing factor to smoking in studies conducted by Ali et al. (2020) and Ibarra-
Salazar et al. (2020).  Ali et al. (2020) explored the impact of e-cigarette advertisement exposure on e-cigarette and 
cigarette consumption among US adults. They found that e-cigarette advertising increased the amount of tobacco 
and e-cigarette used among adults of all ages.  In the same way, Ibarra-Salazar et al. (2020) employing Dynamic 
Least Squares model (DOLS) with quarterly data (1994-2015), in the context of Mexico have revealed that health 
warnings reduced tobacco consumption.

According to the findings obtained by Escobedo et al. (1998), Fergusson et al. (2003), Rohde et al. (2004), 
McManus et al. (2010) and Nkomo et al. (2021) mental health behaviours predict the initiative to smoke.

In the case of Kyrgyzstan there existed a study conducted by Vinnikov et al. (2006) which were devoted to the 
analysing of the prevalence of smoking among medical students. Authors concluded that the prevalence were 
higher among men compared to women. Also the results unveiled that the likelihood of consuming alcohol was 
higher among smokers.

Literature review has shown that regression models (Aho et al. 2018; Ibarra-Salazar et al. 2020), logistic and probit 
regression models (Alkan and Abar 2020; Jain et al. 2021) and Heckman selection model (Madden 2008; Mutlu 
Çamoğlu 2013; Nkomo et al. 2021) are widely adopted in examining smoking behaviour of adolescents.

As can be seen from the above discussed literature, the main motives for smoking have been elaborated from 
different aspects. The findings differ due to the methodology used and the dataset utilized. In the context of 
Kyrgyzstan, smoking behaviour of adolescents have not been a focus of the researchers, yet. Thus, I hope that 
this study adds value to the growing body of literature through identifying the main motives for smoking among 
adolescents. 

3. VARIABLES AND DATA

This paper employs the Global Youth Tobacco Survey (GYTS) dataset to investigate the major drivers of tobacco 
consumption among adolescents in Kyrgyzstan. The dataset is a cross-sectional survey of adolescents aged 13 to 
15 years. This survey is conducted by the Centres for Disease Control and Prevention during January/August 2019. 
The funding for the GYTS was provided by the Canadian Public Health Association, National Cancer Institute, 
United Nations Children Emergency Fund, and the World Health Organization-Tobacco Free Initiative.

The variables incorporated in the model are age, gender, amount of spending money, parental smoking behaviour, 
experimentation with any form of smoked tobacco products other than cigarettes, own something with tobacco 
brand on it, student’s opinion on the cost of cigarette, and using smokeless tobacco/nasway. Nasway can be defined 
as a smokeless tobacco for oral use, which is widely consumed mainly in Central Asian countries (WHO 2018).

In the first stage, the dependent variable is 1 if the adolescent spends on cigarettes, 0 otherwise. In the second 
stage, the dependent variable is a number of days spent smoking during the last month. The total sample size is 
6145 observations (individuals) with an average age of approximately 14 years with a majority of males (50.7%). 
14.1 % of adolescents reported that they have ever tried with cigarette smoking. The definitions of variables in the 
study are presented in Table 1.
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Table 1. Definitions of Variables Used in the Model

Variables Definitions

Dependent variables

Smoking participation 1 if the youth spends on cigarettes, 0 otherwise.

Number of days spent smoking during 
past month

A categorical variable that is categorized into following groups; 1- 2 days, 3-5 days, 6-9 days, 
10-19 days, 20-29 days, 30 days.

Explanatory variables

Age Years

Gender 1= male, 0 otherwise.

Amount of spending money A categorical variable that is categorized into seven groups, do not have any spending money, 
less than 20 som, 20-50 som, 51-100 som, 101-200, 201-500, and more than 500 som.

Using smokeless tobacco/nasway 1= yes, 0 otherwise.

Own something with tobacco brand on it 
(t shirt, pen, backpack)

1= yes, 0 otherwise.

Student’s opinion on the cost of cigarette A pack of 20 cigarettes costs: 20-40 som, 41-50 som, 51-60 som, 61-70 som, 71-100 som, 
101-150 som, more than 150 som.

Experimentation with any form of 
smoked tobacco products other than 
cigarettes

1= yes, 0 otherwise.

Parental smoking status 1 if fathers smoke, 0 otherwise.

4. METHODOLOGY AND FINDINGS

In order to determine the major drivers of tobacco consumption among adolescents Heckman selection model is 
applied. In case of the existence of sample selection, the observed data do not represent a random sample of the 
population. In other words, the data omitted in the sample does not respond to a random selection process (Zuzana 
et al. 2018). Therefore, a conventional analysis that only considers complete cases would produce biased results. 
This study employs the sample selection model developed by James Joseph Heckman (1979) is employed to 
address the potential sample selection bias and to obtain unbiased estimates of smoking behaviour. 

Several studies elaborating smoking behavior of individuals employed this procedure (Madden 2008; Nkomo et 
al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   estimates two different models (probit and 
OLS regression). The main advantage of this procedure is that it allows for the possibility that factors affecting the 
probability of smoking and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into the sample. The 
second one is an outcome equation which estimates smoking intensity. 

In other words, the Heckman model estimates the determinants of adolescents being a smoker and the amounts 
of tobacco consumed. The selection equation should contain at least one variable that is not incorporated into 
the outcome equation (Wooldridge 2002). The main advantageous of this procedure is that it can be employed to 
correct for a sample selection bias (Heckman 1979). 

This procedure has been applied in wage equation estimations for the first time. Then it has been employed in other 
fields effectively (Farrell and Walker 1999; Madden 2008). In this procedure all zeros are determined at the first 
stage. That is, once an adolescent decides to smoke, we will observe positive values.

Following Heckman (1979), the outcome equation can be specified as below:

                    (1)

and selection equation can be written as below:

                   (2) 
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𝑌𝑌𝑖𝑖
∗ = 𝑋𝑋1𝑖𝑖𝐵𝐵1 + 𝑢𝑢𝑖𝑖                                                                                                           (1) 

and selection equation can be written as below: 

𝑍𝑍𝑖𝑖
∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 
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 Selection Equation Outcome Equation 

Age 0.0817***    
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(0.0215)    
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(0.0295)    

0.0263***  
(0.0153)      
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 (0.0441)    

0.0942***   
(0.0567)     
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error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 

                                                                            Heckman two-step model 
 Selection Equation Outcome Equation 

Age 0.0817***    
(0.0417)     

0.0363***  
(0.0215)    

Amount of spending money 0.0641**    
(0.0295)    

0.0263***  
(0.0153)      

Using smokeless tobacco/nasway -0.1778*  
 (0.0441)    

0.0942***   
(0.0567)     
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The results of Heckman model are displayed in Table 3.

Table 3. Heckman Model

                                                                            Heckman two-step model

 Selection Equation Outcome Equation

Age 0.0817***   
(0.0417)    

0.0363*** 
(0.0215)   

Amount of spending money 0.0641**   
(0.0295)   

0.0263*** 
(0.0153)     

Using smokeless tobacco/nasway -0.1778* 
 (0.0441)   

0.0942***  
(0.0567)    

Own something with tobacco brand on it (t-shirt, pen, backpack) 0.3381*  
(0.1256)    

Gender 0.2428* 
(0.0855)    

Pupil’s opinion on the cost of cigarette 0.0314**   
(0.0153)    

Experimentation with any form of smoked tobacco products other than cigarettes 0.8276*
(0.0932)  

Parental smoking status 0.1628***   
(0.0950)     

Constant -0.4822 
 (0.3784) 

0.6450*  
(0.1071)     

λ (IMR) 1.6077* 
(0.4215)    

rho             1.0000     

sigma              1.6077

Wald chi2 10.53* 10.53*

Prob > chi2         0.0146 0.0146

***, **, *denotes statistically significance at 10%, 5% and 1%, respectively. Standard errors are reported in parentheses.

The Wald test results show the goodness of fit for the model. First column indicates that age, gender, amount of 
spending money, parental smoking status, experimentation with any form of smoked tobacco products other than 
cigarettes, own something with tobacco brand on it, using smokeless tobacco/nasway, pupil’s opinion on the cost 
of cigarette have significant effects on the selection equation; showing that they are important drivers of being a 
smoker.

Any experimentation with tobacco products leads to a higher probability of an adolescent to become a smoker. 
Table 3 shows that this factor is the biggest contributor to adolescents initiating smoking. Another influencing 
factor to smoking participation is parental smoking status. The results indicate that adolescents, whose fathers 
smoke, are more likely to become a smoker compared to adolescents, whose fathers do not smoke. The coefficient 
of age is positive and significant. It implies that the probability of adolescents to become a smoker is rising with 
age. An adolescents’ likelihood of smoking increased in line with the level of pocket money received from parents. 
Having something with tobacco logo (t-shirt, pen, backpack) increases the probability of smoking participation. 
The coefficient of smokeless tobacco/nasway using is found to be negative in the selection equation. It implies 
that the consumption of smokeless tobacco nasway is decreasing with the probability of being a cigarette smoker. 

sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
advantageous of this procedure is that it can be employed to correct for a sample selection bias 
(Heckman 1979).  

This procedure has been applied in wage equation estimations for the first time. Then it 
has been employed in other fields effectively (Farrell and Walker 1999; Madden 2008). In this 
procedure all zeros are determined at the first stage. That is, once an adolescent decides to 
smoke, we will observe positive values. 

Following Heckman (1979), the outcome equation can be specified as below: 

𝑌𝑌𝑖𝑖
∗ = 𝑋𝑋1𝑖𝑖𝐵𝐵1 + 𝑢𝑢𝑖𝑖                                                                                                           (1) 

and selection equation can be written as below: 

𝑍𝑍𝑖𝑖
∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
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𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 
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sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
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(Heckman 1979).  
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∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 
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standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 
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sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
advantageous of this procedure is that it can be employed to correct for a sample selection bias 
(Heckman 1979).  

This procedure has been applied in wage equation estimations for the first time. Then it 
has been employed in other fields effectively (Farrell and Walker 1999; Madden 2008). In this 
procedure all zeros are determined at the first stage. That is, once an adolescent decides to 
smoke, we will observe positive values. 
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sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  
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error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 

                                                                            Heckman two-step model 
 Selection Equation Outcome Equation 

Age 0.0817***    
(0.0417)     

0.0363***  
(0.0215)    

Amount of spending money 0.0641**    
(0.0295)    

0.0263***  
(0.0153)      

Using smokeless tobacco/nasway -0.1778*  
 (0.0441)    

0.0942***   
(0.0567)     

 is the standard deviation of 

sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
advantageous of this procedure is that it can be employed to correct for a sample selection bias 
(Heckman 1979).  

This procedure has been applied in wage equation estimations for the first time. Then it 
has been employed in other fields effectively (Farrell and Walker 1999; Madden 2008). In this 
procedure all zeros are determined at the first stage. That is, once an adolescent decides to 
smoke, we will observe positive values. 

Following Heckman (1979), the outcome equation can be specified as below: 

𝑌𝑌𝑖𝑖
∗ = 𝑋𝑋1𝑖𝑖𝐵𝐵1 + 𝑢𝑢𝑖𝑖                                                                                                           (1) 

and selection equation can be written as below: 

𝑍𝑍𝑖𝑖
∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 

                                                                            Heckman two-step model 
 Selection Equation Outcome Equation 

Age 0.0817***    
(0.0417)     

0.0363***  
(0.0215)    

Amount of spending money 0.0641**    
(0.0295)    

0.0263***  
(0.0153)      

Using smokeless tobacco/nasway -0.1778*  
 (0.0441)    

0.0942***   
(0.0567)     

 and 

sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
advantageous of this procedure is that it can be employed to correct for a sample selection bias 
(Heckman 1979).  

This procedure has been applied in wage equation estimations for the first time. Then it 
has been employed in other fields effectively (Farrell and Walker 1999; Madden 2008). In this 
procedure all zeros are determined at the first stage. That is, once an adolescent decides to 
smoke, we will observe positive values. 

Following Heckman (1979), the outcome equation can be specified as below: 

𝑌𝑌𝑖𝑖
∗ = 𝑋𝑋1𝑖𝑖𝐵𝐵1 + 𝑢𝑢𝑖𝑖                                                                                                           (1) 

and selection equation can be written as below: 

𝑍𝑍𝑖𝑖
∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 

                                                                            Heckman two-step model 
 Selection Equation Outcome Equation 

Age 0.0817***    
(0.0417)     

0.0363***  
(0.0215)    

Amount of spending money 0.0641**    
(0.0295)    

0.0263***  
(0.0153)      

Using smokeless tobacco/nasway -0.1778*  
 (0.0441)    

0.0942***   
(0.0567)     

 
stands for the  correlation between 

sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
advantageous of this procedure is that it can be employed to correct for a sample selection bias 
(Heckman 1979).  

This procedure has been applied in wage equation estimations for the first time. Then it 
has been employed in other fields effectively (Farrell and Walker 1999; Madden 2008). In this 
procedure all zeros are determined at the first stage. That is, once an adolescent decides to 
smoke, we will observe positive values. 

Following Heckman (1979), the outcome equation can be specified as below: 

𝑌𝑌𝑖𝑖
∗ = 𝑋𝑋1𝑖𝑖𝐵𝐵1 + 𝑢𝑢𝑖𝑖                                                                                                           (1) 

and selection equation can be written as below: 

𝑍𝑍𝑖𝑖
∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 

                                                                            Heckman two-step model 
 Selection Equation Outcome Equation 

Age 0.0817***    
(0.0417)     

0.0363***  
(0.0215)    

Amount of spending money 0.0641**    
(0.0295)    

0.0263***  
(0.0153)      

Using smokeless tobacco/nasway -0.1778*  
 (0.0441)    

0.0942***   
(0.0567)     

and 

sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
advantageous of this procedure is that it can be employed to correct for a sample selection bias 
(Heckman 1979).  

This procedure has been applied in wage equation estimations for the first time. Then it 
has been employed in other fields effectively (Farrell and Walker 1999; Madden 2008). In this 
procedure all zeros are determined at the first stage. That is, once an adolescent decides to 
smoke, we will observe positive values. 

Following Heckman (1979), the outcome equation can be specified as below: 

𝑌𝑌𝑖𝑖
∗ = 𝑋𝑋1𝑖𝑖𝐵𝐵1 + 𝑢𝑢𝑖𝑖                                                                                                           (1) 

and selection equation can be written as below: 

𝑍𝑍𝑖𝑖
∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 

                                                                            Heckman two-step model 
 Selection Equation Outcome Equation 

Age 0.0817***    
(0.0417)     

0.0363***  
(0.0215)    

Amount of spending money 0.0641**    
(0.0295)    

0.0263***  
(0.0153)      

Using smokeless tobacco/nasway -0.1778*  
 (0.0441)    

0.0942***   
(0.0567)     

(Greene  2003).

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 

sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
advantageous of this procedure is that it can be employed to correct for a sample selection bias 
(Heckman 1979).  

This procedure has been applied in wage equation estimations for the first time. Then it 
has been employed in other fields effectively (Farrell and Walker 1999; Madden 2008). In this 
procedure all zeros are determined at the first stage. That is, once an adolescent decides to 
smoke, we will observe positive values. 

Following Heckman (1979), the outcome equation can be specified as below: 

𝑌𝑌𝑖𝑖
∗ = 𝑋𝑋1𝑖𝑖𝐵𝐵1 + 𝑢𝑢𝑖𝑖                                                                                                           (1) 

and selection equation can be written as below: 

𝑍𝑍𝑖𝑖
∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 

                                                                            Heckman two-step model 
 Selection Equation Outcome Equation 

Age 0.0817***    
(0.0417)     

0.0363***  
(0.0215)    

Amount of spending money 0.0641**    
(0.0295)    

0.0263***  
(0.0153)      

Using smokeless tobacco/nasway -0.1778*  
 (0.0441)    

0.0942***   
(0.0567)     

 and 

sample does not respond to a random selection process (Zuzana et al. 2018). Therefore, a 
conventional analysis that only considers complete cases would produce biased results. This 
study employs the sample selection model developed by James Joseph Heckman (1979) is 
employed to address the potential sample selection bias and to obtain unbiased estimates of 
smoking behaviour.  

Several studies elaborating smoking behavior of individuals employed this procedure 
(Madden 2008; Nkomo et al. 2021; Mutlu Çamoğlu 2013). The Heckman two-step procedure   
estimates two different models (probit and OLS regression). The main advantage of this 
procedure is that it allows for the possibility that factors affecting the probability of smoking 
and the amount of cigarette consumption are not the same. This procedure provides two 
estimated equations. The first one is a selection equation concentrating on the participation into 
the sample. The second one is an outcome equation which estimates smoking intensity.  

In other words, the Heckman model estimates the determinants of adolescents being a 
smoker and the amounts of tobacco consumed. The selection equation should contain at least 
one variable that is not incorporated into the outcome equation (Wooldridge 2002). The main 
advantageous of this procedure is that it can be employed to correct for a sample selection bias 
(Heckman 1979).  

This procedure has been applied in wage equation estimations for the first time. Then it 
has been employed in other fields effectively (Farrell and Walker 1999; Madden 2008). In this 
procedure all zeros are determined at the first stage. That is, once an adolescent decides to 
smoke, we will observe positive values. 

Following Heckman (1979), the outcome equation can be specified as below: 

𝑌𝑌𝑖𝑖
∗ = 𝑋𝑋1𝑖𝑖𝐵𝐵1 + 𝑢𝑢𝑖𝑖                                                                                                           (1) 

and selection equation can be written as below: 

𝑍𝑍𝑖𝑖
∗ = 𝑋𝑋2𝑖𝑖𝐵𝐵2 + 𝜀𝜀𝑖𝑖    (i=1, 2, ……l)                                                                            (2)  

where Xji is a vector of exogenous variables, Bj  is a vector of parameters, 𝜀𝜀𝑖𝑖 and 𝑢𝑢𝑖𝑖 
error terms of two equations. It is assumed that they are jointly normally distributed. 

(𝑢𝑢𝑖𝑖, 𝜀𝜀𝑖𝑖)~𝑁𝑁𝑁𝑁𝑁𝑁(0 , [ 𝜎𝜎𝜀𝜀𝑖𝑖
2 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖

𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖 1 ]) 

𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎  𝜀𝜀𝑖𝑖~𝑁𝑁( 0,0, 𝜎𝜎2𝑢𝑢𝑖𝑖, 𝜎𝜎2𝜀𝜀𝑖𝑖 , 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖), bivariate normal distribution with expectation zero, 
𝜎𝜎2𝑢𝑢𝑖𝑖 𝑎𝑎𝑎𝑎𝑎𝑎 𝜎𝜎2𝜀𝜀𝑖𝑖   denote variances, respectively and 𝜌𝜌𝜎𝜎𝑢𝑢𝑖𝑖   is a covariance. The term σ𝑢𝑢𝑖𝑖 is the 
standard deviation of 𝑢𝑢𝑖𝑖 and 𝜌𝜌  stands for the  correlation between 𝑢𝑢𝑖𝑖  and 𝜀𝜀𝑖𝑖 (Greene  2003). 

The results of Heckman model are displayed in Table 3. 

Table 3. Heckman Model 

                                                                            Heckman two-step model 
 Selection Equation Outcome Equation 

Age 0.0817***    
(0.0417)     

0.0363***  
(0.0215)    

Amount of spending money 0.0641**    
(0.0295)    

0.0263***  
(0.0153)      

Using smokeless tobacco/nasway -0.1778*  
 (0.0441)    

0.0942***   
(0.0567)     

 error terms of two equations. 
It is assumed that they are jointly normally distributed.
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The positive coefficient in the outcome equation signifies that after becoming a smoker consumption of nasway 
increases the amount of tobacco used. According to the GYTS, 5.1% of adolescents aged 13–15 (7.6% of boys and 
2.9% of girls) in Kyrgyzstan consume smokeless tobacco (WHO 2018).

Moreover, the results indicate that boys are more likely to become a smoker compared to girls. In the outcome 
equation, all variables are found to be statistically significant. In other words, the coefficient of age indicates that 
the amount of tobacco consumption increases with age. The amount of pocket money increases the level of tobacco 
consumption.  The coefficient of pupil’s opinion on the cost of cigarette is found to be positive. This suggests that 
the cost of tobacco does not prevent pupils from being a smoker. This can be explained partly by the fact that 
there are many POS around the school in which cigarettes are sold by piece. Study conducted by Robertson et al. 
(2016) focusing on the impact of POS concluded that the chances of having attempted smoking were around 1.6 
times higher among children and young people who were regularly exposed to point-of-sale cigarette promotion 
comparing to those who were less frequently exposed.  Furthermore, chance of being vulnerable to potential 
smoking were 1.3 times higher among never smokers who were often exposed to point-of-sale tobacco compared 
with those who were less frequently exposed.

The inverse of Mills’ ratio (IMR) is also found to be statistically significant. In other words, it indicates that 
applied procedure is appropriate for estimation. In order to control for sample selection, the ordinary-least-square 
regression adds on the inverse Mills’ ratio (IMR) calculated from the linear predictions of the probit model as an 
additional explanatory variable. Rho is the correlation coefficient of the error terms from the selection and the 
outcome equation. Sigma is the estimator of the standard error of the residual in the regression equation. The 
coefficients are different from zero. It implies that OLS is biased and there is need to use a selection-bias correction 
model.

These results are parallel to the findings of previous studies conducted by Klosterhalfen et al. (2021), De Vries et 
al. (2003), Granja et al. (2020) and Alasqah et al. (2021). 

5. CONCLUSION

The main objective of this study is to determine the main drivers of tobacco consumption among adolescents 
using the data collected from Kyrgyzstan. In the empirical analysis, the survey data provided by the GYTS was 
employed. In order to explore the factors that influence tobacco use, a procedure developed by Heckman (1979) 
was utilized. The empirical model is appropriate since it takes observations with zero tobacco consumption into 
the consideration.

In terms of the parental smoking status, results illustrate that fathers smoking behaviour contributes significantly 
to the decision to smoke or not (selection equation). Turning to the amount of pocket money, results indicate that 
it contributes significantly to both the likelihood of being a smoker and amount of tobacco used. Moreover, it can 
be concluded that there are gender differences in tobacco consumption. In other words, findings signify that male 
adolescents smoke more than female adolescents do. Outcomes report that there is a positive relationship between 
age and tobacco smoking. Age increases the likelihood of being a smoker (in selection equation) and the amount 
of tobacco used (in outcome equation).

The findings obtained from this study may provide some insights into the policies implemented to decrease smoking 
among adolescents in Kyrgyzstan. Smoking bans in public spaces, anti-smoking advertising campaigns being 
implemented in order to minimize tobacco consumption. Policies and interventions that aim to prevent and reduce 
adolescents’ tobacco consumption should be developed and applied. Enormous efforts should be undertaken by not 
only families but also governments as a whole to reduce tobacco smoking among adolescents.
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