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ABSTRACT 

INTRODUCTION:  Despite the known health problems associated with tobacco use, 

adolescents continue to initiate and develop regular patterns of tobacco use.  Globally 

adult tobacco consumption is strongly associated with poverty, with those in lower 

socioeconomic classes using tobacco at higher rates.  The association between 

socioeconomoic status (SES) and tobacco use for youth, however, is much less clear. 

Understanding the role of SES in initiation and progression of tobacco use among 

adolescents can improve our ability to design effective interventions targeting adolescent 

tobacco use behavior.  The aim of this dissertation was to examine the impact of SES on 

tobacco use in youth across different countries, presented in three related manuscripts. 

METHODS:  In the first manuscript, the effect of both individual and community- level 

SES on smoking outcome was evaluated in the Minnesota Adolescent Community 

Cohort (MACC) study, a population-based, observational cohort study designed to assess 

the effects of tobacco control policies and programs on adolescent smoking.  

Additionally, the cross-level interaction of these two SES measures was examined. The 

analyses employed a multiple group, multiple cohort growth model. In the second 

manuscript latent class analysis (LCA) was used to establish classes of tobacco 

acquisition in the Mobilizing Youth for Tobacco Related Initiatives (MYTRI) study, a 

large-scale intervention trial in two large cities in India.  The third manuscript explored 

change in tobacco use over time and the moderating effect of SES on change, also in the 

MYTRI study.  Additionally, the distribution of related psychosocial risk factors across 

schools type was also evaluated. 
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RESULTS: In paper 1, individual-level SES was associated with smoking (low SES was 

associated with higher adolescent smoking), but community-level SES was not. 

However, the results for cross-level interaction show that community socioeconomic 

context affected smoking behavior differentially depending on individual socioeconomic 

position (i.e., community-level SES had stronger effects on low individual-SES 

adolescents than on high individual-level SES youth).  The results from paper 2 suggest 

that a 3-latent class and a 4-latent class model were most appropriate for this adolescent 

population, in private and government schools, respectively.  Although, the number of 

latent classes was the same at both time points, the meaning of these classes differed over 

time.  Finally, in paper 3, the findings about the relationship between SES and tobacco 

were inconsistent, suggesting a potential change over time in the association of SES and 

tobacco use.  At baseline, low SES was associated with higher prevalence of tobacco use 

but the relation between SES and tobacco use reversed two years later.  These findings 

were mirrored in the distribution of related psychosocial risk factors. 

CONCLUSIONS: This dissertation served to examine the relationship between SES and 

adolescent tobacco use in two different countries/settings.  Reducing tobacco initiation 

and progression in low SES youth that are disproportionately affected is dependent upon 

effective and sustainable interventions as well as a more comprehensive understanding of 

the role SES in influencing an adolescent’s tobacco use behavior 

 

 

 

 

 



 v

 

 

Table of Contents                                                                                                                 v 

List of Tables                                                                                                                     vii 

List of Figures                                                                                                                     ix 

 

Chapter 1: Background and Significance        

1.1 Tobacco use among adolescents in the United States 1 

1.2 Tobacco use among adolescents in urban India 2 

1.3 The onset and progression of smoking among adolescents 4 

1.4 The association between socioeconomic status and smoking among US 
 adolescents 8 

1.5 The association between socioeconomic status and tobacco use among the Indian 
 Urban adolescents 14 

1.6 Overview of dissertation aims 17 

 

Chapter 2: Study Designs and Data Collection  

2.1 The Minnesota Adolescent Community Cohort (MACC) study 18 

2.2 Mobilizing Youth for Tobacco Related Initiatives (MYTR) 20 

 

Chapter 3: Manuscript 1-Community-level and individual-level socioeconomic 

status effects on adolescents smoking outcomes: A multilevel growth curve analysis  

3.1 Introduction 25 

3.2 Methods 30 

3.3 Analyses 34 

3.4 Results 38 

3.5 Discussion 45 

 

Chapter 4: Manuscript 2-Socioeconomic differentials in stages of tobacco 

acquisition among adolescents in India  

4.1 Introduction 50 



 vi

4.2 Methods 54 

4.3 Analyses 57 

4.4 Results 62 

4.5 Discussion 71 

 

Chapter 5: Manuscript 3-Change in tobacco use over time in Indian urban youth: 

The moderating role of socioeconomic status  

5.1 Introduction 78 

5.2 Methods 80 

5.3 Analyses 85 

5.4 Results 86 

5.5 Discussion 100 

 

Chapter 6: Conclusions 

6.1 Overview 105 

6.2 Conclusions from Manuscript 1 105 

6.3 Conclusions from Manuscript 2 106 

6.4 Conclusions from Manuscript 3 107 

6.5 Overall conclusions 107 

 

References 111 

 

 

 

 

 

 

 

 

 



 vii

 

List of tables 

Table 3.1: Associations between individual-level SES, GPU-level SES, and individual 

smoking behavior (mean), Minnesota Adolescent Community Cohort                            41 

Table 4.1a Prevalence of students who endorsed “yes” to the six indicators of latent 

variable tobacco acquisition at time 1, stratified by school type                                       63 

Table 4.1b Prevalence of students who endorsed “yes” to the six indicators of latent 

variable tobacco acquisition at time 3, stratified by school type                                       63 

Table 4.2a Goodness-of-fit statistics for various latent class solutions, government    

schools at time 1 (n = 2520)                                                                                               66 

Table 4.2b Goodness-of-fit statistics for various latent class solutions, government 

schools at time 3 (n = 2520)                                                                                               66 

Table 4.2c Goodness-of-fit statistics for various latent class solutions, private schools at 

time 1 (n = 1330)                                                                                                               67 

Table 4.2d Goodness-of-fit statistics for various latent class solutions, private schools at     

time 3 (n = 1330)                                                                                                               67 

Table 4.3a Item response probabilities for Three-Class Model: Probability endorsing item 

given latent class, private schools at time 1 (n=1330)                                                       68 

Table 4.3b Item response probabilities for Three-Class Model: Probability endorsing item 

given latent class, private schools at time 3 (n=1330)                                                       68 

Table 4.3c Item response probabilities for Four-Class Model: Probability endorsing item 

given latent class, government schools at time 1 (n=2520)                                               69 

Table 4.3d Item response probabilities for Four-Class Model: Probability endorsing item 

given latent class, government schools at time 3 (n=2520)                                               69 

Table 5.1 Mobilizing Youth for Tobacco-Related Initiatives in India  

Prevalence of current tobacco use by school type (SES) (n=8442)                                   87 

Table 5.2a Mobilizing Youth for Tobacco-Related Initiatives in India  

Prevalence of current tobacco use by intentions to use tobacco, government schools 

(n=5476)                                                                                                                             90 

Table 5.2b Mobilizing Youth for Tobacco-Related Initiatives in India  



 viii  

Prevalence of current tobacco use by intentions to use tobacco, private schools  

(n=2881)                                                                                                                             90 

Table 5.3a Mobilizing Youth for Tobacco-Related Initiatives in India  

Prevalence of current tobacco use by susceptibility to use tobacco, government schools 

(n=5476)                                                                                                                             91 

Table 5.3b Mobilizing Youth for Tobacco-Related Initiatives in India  

Prevalence of current tobacco use by susceptibility to use tobacco, private schools 

(n=2881)                                                                                                                             91 

Table 5.4a Mobilizing Youth for Tobacco-Related Initiatives in India  

Intentions at baseline as a predictor of tobacco use at T3 (n=8442)                                  93 

Table 5.4b Mobilizing Youth for Tobacco-Related Initiatives in India  

Susceptibility at baseline as a predictor of tobacco use at T3 (n=8442)                            93 

Table 5.5a Mobilizing Youth for Tobacco-Related Initiatives in India  

Relationship between psychosocial factors and current use of tobacco, government school 

students (n=5476), time 3                                                                                                  95 

Table 5.5b Mobilizing Youth for Tobacco-Related Initiatives in India  

Relationship between psychosocial factors and current use of tobacco, private school 

students (n=2881), time 3                                                                                                  96 

Table 5.6a Mobilizing Youth for Tobacco-Related Initiatives in India 

Distribution of selected factors by school type (SES), adjusted, standardized scores, time 

1 (n=8442)                                                                                                                          98 

Table 5.6b Mobilizing Youth for Tobacco-Related Initiatives in India 

Distribution of selected factors by school type (SES), adjusted, standardized scores, time 

3 (n=8442)                                                                                                                          99 

 

 

 

 

 

 



 ix

List of Figures 

Figure 1.1 Stages of smoking initiation among children and adolescents                           6 

Figure 3.1 Conceptual multi-level model of individual smoking                                      29 

Figure 3.2 Smoking stage (12-16 years), joined together to form a trajectory of smoking 

from ages 12-18 year                                                                                                         40 

Figure 3.3 Main effects of individual-level SES                                                               42 

Figure 3.4 Main effects of community-level SES                                                             43 

Figure 3.5 Moderating effect of community-level SES on the association between 

individual-level SES and adolescent smoking over time                                                   44 

Figure 5.1 Patterns of current use of any tobacco across private and government  

schools                                                                                                                                8



 1

 

CHAPTER 1 

 

Background and Significance 

1.1 Tobacco use among adolescents in the United States  

Cigarette smoking, as the leading cause of preventable death in the United States, 

accounts for approximately 443,000 premature deaths each year, causing 5.1 million 

years of potential life lost, and imposing an economic burden of $193 billion annually.1  

This count includes 49,400 deaths among nonsmokers due to exposure to tobacco smoke 

pollution.  The three major causes of smoking-attributable deaths are lung cancer, 

ischemic heart disease and chronic obstructive pulmonary disease.1  An estimated 8.6 

million Americans live with one or more serious diseases caused by their smoking.2  

Twenty four to fifty percent of all smokers, especially those who began smoking in their 

teens, can expect to die of tobacco use.3, 4  Approximately one half of these will lose an 

average of 20-25 years of life expectancy and die in middle age.4  Exposure to tobacco 

smoke pollution causes premature disease and death in children and adults who do not 

smoke.  It causes respiratory illnesses, ear infections in children and raises the risk for 

low-birth weight babies and sudden infant death syndrome.5  Overall, 18% of 

cardiovascular deaths, 30% of malignant neoplasm, and 79% of chronic respiratory 

diseases in the U.S. adults are attributable to smoking or exposure to secondhand smoke.6  

The decline in rates of smoking among adolescents that began in the 1990s has leveled 

off.7  Twenty percent of high school students are current cigarette smokers and are at risk 
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of becoming addicted.8  Approximately 23% of high school students who had never 

smoked cigarettes were susceptible to initiating smoking in the next year.8  

Typically tobacco use begins during the early years of life when long-term hazards 

are not particularly salient.  Approximately 80% of tobacco users initiate use before age 

18 years.8  Adolescents who initiate smoking at a younger age are more likely to continue 

smoking and develop tobacco abuse and dependence later in life.9-11  They are also at an 

increased risk for tobacco-related health problems,12 and behavioral problems.13  Given 

the addictive nature of tobacco, quitting is extremely difficult once the regular patterns of 

use are established.14  Despite the adverse health consequences, each day approximately 

3,600 young people between the ages of 12 and 17 years initiate cigarette smoking, and 

an estimated 1,100 young people become daily cigarette smokers.15 

Low socioeconomic status (SES) is associated with higher tobacco use in both 

adolescents and adults.1, 16  Approximately 29% of adults below poverty line smoke 

compared to 20% of adults at or above poverty line.1  Patterns of prevalence indicate that 

future tobacco-attributable morbidity increasingly will be concentrated in socially 

disadvantaged populations, further exacerbating health inequalities.  Findings from 

previous studies suggest that smoking prevention should begin early and should 

emphasize the needs of individuals of low socioeconomic status.17 

 

1.2 Tobacco use among adolescents in urban India 

Due to steady population growth, coupled with tobacco industry targeting, 

tobacco use has grown exponentially in low-income countries, leading to millions of 

individuals becoming addicted to nicotine each year.18  By 2025, 70% of the 10 million 
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deaths each year will occur in developing countries, mainly in China and India.19,20  In 

India, tobacco use is estimated to cause 800,000 deaths annually 21and an estimated 5,500 

adolescents initiate daily tobacco use,22 causing an enormous burden on public health.  

Most tobacco users start consuming tobacco before the age of 18, while some initiate as 

young as 10.23  In 2006, prevalence of current use of any tobacco among students aged 

13-15 years was 14.1 %.24  The health effects of tobacco use in India are more diverse 

than other nations of the world, given the variety of forms in which tobacco is consumed 

in this country, including cigarettes, bidis (hand rolled, filterless cigarette), and gutkha 

(widely available, inexpensive form of chewing tobacco.25)  In India, only 20% of total 

tobacco consumption is in the form of cigarettes; bidis account for the largest proportion, 

at about 40% of the total.26,27  

Bidis contain higher concentrations of nicotine than both filtered and unfiltered 

cigarettes28 and have equally (if not more) deleterious effects on health.29  Also, due to 

extensive use of chewing tobacco, India has the most cases of oral cancer in the world, 

with 83,000 incident cases and 46,000 deaths annually.30  These cancers are steadily 

increasing and occurring more frequently among younger people.21  Recent research has 

demonstrated that smoking increases the risk of death among patients with Tuberculosis 

(TB) and causes 200,000 extra deaths due to TB.29 Tuberculosis is one of world’s 

foremost infectious diseases and it disproportionately affects the poor and 

underprivileged.31  In 2004, the total economic cost of tobacco use (both direct and 

indirect) amounted to $1.7 billion. TB accounted for 18% of the total cost ($113 million) 

in India.32 
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An estimated 65% of all adult Indian men and 33% of all adult Indian women use 

some form of tobacco.26,33  Of the millions of people in India who use chewing tobacco, 

as many as 25% are under the age of 19 years.34,35  

With India undergoing a tremendous economic and epidemiologic transition, 

tobacco consumption is increasing rapidly among urban youth.  Studies suggest that, in 

less than three years (2001-2004), tobacco use almost doubled among youth in larger 

cities (e.g., Delhi and Mumbai;36-38).  Coupled with evidence of a decrease in age of 

initiation, 39, 40 it is becoming increasingly important to gather more information and data 

on youth tobacco consumption rates and patterns.  

In summary, the shift of the tobacco epidemic to the developing world will lead to 

unprecedented levels of morbidity and mortality in countries with steady growth in 

population and greatest potential for tobacco consumption, and with already 

compromised health-care services. 

 

1.3 The onset and progression of smoking among adolescents 

The process of smoking onset among adolescents appears to progress through a 

sequence of discrete stages of receptivity to dependence on tobacco use.39-41  Not all 

adolescents advance beyond experimentation with cigarettes; still, those who become 

smokers as adults experience similar, well-defined stages in the behavior-acquisition 

process.16  This complex behavioral transition remains poorly understood and requires 

further research 

Over the years, several models have been developed to better understand the smoking 

onset and progression mechanism among adolescents. Flay and colleagues 39 have made 
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an important contribution to advance our knowledge of the initiation continuum toward 

patterns of regular smoking among adolescents by proposing the five developmental 

stages of smoking that are the never smoking (preparatory) stage, the trying stage, the 

experimental stage, the regular use stage, and finally, the addiction or the dependence 

stage.  The model incorporates measures of smoking behavior and has a temporal 

ordering to the stages (Figure 1.1).  Progress through these stages is presumed to take at 

least two years, although the natural history of smoking onset process has never been 

adequately defined.16,42 

Adolescents in the preparatory stage have never smoked even one puff and it is in 

this stage that they start to develop attitudes and beliefs about smoking.  The second stage 

encompasses initial trying.  Depending on physiological effects and social reinforcements 

after trying a few cigarettes, the adolescent proceeds to the experimental stage, which is 

marked by repeated, but irregular, use of cigarettes over an extended period of time. 

Next, an individual advances to regular smoking, which involves smoking on a regular 

basis, perhaps weekly.  The final stage is defined by a physiological need for nicotine.16,39 
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Figure 1.1 Stages of smoking initiation among children and adolescents 

Source: Adapted from U.S. Department of Health and Human Services (1994) 

 

   Preparatory Stage 

Trying Stage  

Experimental Stage 
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  Addiction/Dependent 
            Smoker 

 Never smoker 

No longer smokes 

No longer smokes 

    Quits smoking 

Adolescent forms attitudes 
& beliefs about the utility of 
smoking. 
 

Adolescent smokes 
 first few cigarettes. 

Adolescent smokes  
repeatedly but irregularly. 

Adolescent smokes at least 
weekly across a variety of  
situational & personal 
interactions. 

Adolescent has developed the 
physiological need for nicotine. 
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A second major model used to understand smoking onset and progression is based 

in the Transtheoretical Model of change.43  This model construes smoking acquisition as 

progression through a sequence of discrete stages of cognitive and behavioral change.  

The model embodies constructs such as processes of change, decisional balance, 44 and 

self efficacy.45  Pallonen and colleagues 46 integrated adolescent smoking and cessation 

into a nine-stage change continuum using the transtheoretical model of change.  These 

nine stages include the four stages of smoking acquisition: acquisition precontemplation 

(not intending to smoke in the foreseeable future), acquisition contemplation (intending 

to smoke in the foreseeable future), acquisition preparation (intending to smoke in the 

immediate future, and recent acquisition (initiation of regular smoking). The cessation 

stages of change included four stages for current smokers and two stages for former 

smokers.  The stages of change construct provide a temporal ordering to the initiation-

cessation continuum.  

 A third model, the susceptibility model,47 integrates constructs of intentions and 

expectations of future behavior to define susceptibility and to identify individuals who 

have a cognitive predisposition to smoking.  Susceptibility has been defined as failure to 

exhibit a determined decision not to smoke either in the future (e.g., in the next year) or 

in a certain context (e.g., if offered a cigarette by a friend;47).  Susceptibility measures 

resistance, or rather lack of it, to differentiate between persons in the earliest phases of 

acquisition and includes an additional situational component.  This construct lacks a 

temporal ordering and classifies an individual as minimally to highly susceptible.  This 

model has been validated in the literature.48-50 
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Finally, Prokhorov and colleagues51 refined the algorithm of smoking acquisition 

by integrating the stages of smoking acquisition and smoking susceptibility (i.e., 

combining the transtheoretical model of change and the susceptibility model).  The new 

integrated measure divided the acquisition precontemplation group into not susceptible 

acquisition precontemplation and susceptible acquisition precontemplation based on 

social influences.  It expanded on the preparatory stage and refined it based on 

adolescents’ attitudes and intentions regarding tobacco use. These subgroups differed in 

their likelihood of progressing to regular smoking.  The integrated measure predicted 

future smoking more accurately than did either model alone. 

In summary, a number of theories have been used to better understand the onset 

and progression of smoking, with recent work focusing on integrating these models.  One 

major limitation to these models is that they have been developed and tested in the 

context of the United States or other developed countries, where cigarette smoking 

represents the vast majority of tobacco use among youth.6  As a result, these models are 

almost exclusively based on onset and progression of cigarette smoking as opposed to the 

more broad types of tobacco use in general.  It remains to be seen how well these models 

predict behavior in other populations where tobacco use is different. 

 

1.4 The association between socioeconomic status and smoking among US adolescents 

Social stratification distributes certain health behaviors across social groups, which in 

turn generate social differences in health.  Previous research has consistently documented 

social class gradients in adult health behaviors, including smoking.  According to Wardel 

and colleagues,52 low SES adults are more likely to engage in risky health behaviors, 
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resulting in poor health.  A study of British civil servants found that smoking prevalence 

had a continuous upward gradient from high to low socioeconomic groups.53  The National 

Survey on Drug use and Health has consistently reported socioeconomic differences in 

cigarette use among adults. Individuals reporting lowest educational attainment have the 

highest prevalence of current cigarette smoking.15  A similar association has been reported 

for adults with working class jobs, low educational achievement, and low income.54  There 

is convincing evidence that persons with lower educational attainment have higher rates of 

smoking initiation.47, 55, 56 

Taken as a whole, a large research literature suggests that lower SES is associated 

with increased smoking among adults.  The pattern for youth, however, is much less 

clear, with some evidence that the association between SES and smoking among youth 

differs from that found in adults.57-61  One primary concern regarding these potential 

differences between youth and adults is the construct of SES itself, both in terms of its 

conceptual meaning and how it is operationally measured. SES is a complex measure that 

is conceptualized in different ways in an attempt to capture the individual’s or group’s 

access to the basic resources required to achieve and maintain good health.62  

 

1.4.1   Indicators of socioeconomic status in adolescents 

Individual-level SES 

Traditionally, adolescent SES is measured using two components: the education 

of the head of the household and the occupation of the parent that captures the basic 

structural position in socioeconomic hierarchy.63, 64  A number of concerns have been 

raised. First, the relation of both of these indicators to social class is a matter of some 
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debate.65,66  Second, it is advantageous to use multiple indicators of social class rather 

than composite indices,66,67 as composite indices make it impossible to differentiate the 

independent and interactive effects of each of the component and valuable information 

can be obscured.67 

Community-level SES 

 Socioeconomic context of communities can be measured by a number of factors 

including broad indicators of community economic status (e.g., income level, income 

inequality, poverty level), material standards (e.g., percentage of household with access 

to a vehicle, average home value), educational status (e.g., percent of community with 

given level of education), occupational status (e.g., unemployment, percentage of 

workers in a given occupational class), or some combination of these.  Each of these 

derived variables is thought to address different aspects of community socioeconomic 

characteristics, even though they might be highly correlated.68 Indicators that are integral 

to the community can also be used, including such things as the number of recreational 

facilities in the community or the number of community groups.  Derived variables are 

assumed to represent integral effects.69  Studies suggest that socioeconomic 

characteristics of communities may indirectly affect the health of community residents 

through the physical, service, and social environment of communities.68 

 Studies have used composite indices to handle highly correlated variables with an 

added advantage of statistical efficiency and simple presentation of results.  Single 

indicators can be used to examine the unique contribution of each component, which is 

impossible with composite indices.67 
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1.4.2   Previous studies concerning the association between smoking and individual-

level socioeconomic status among adolescents 

 A review of the extant literature on association between adolescent smoking and 

SES reveals that the adolescent population does not consistently show the SES-smoking 

gradient that is pervasive among adults. Instead, studies have found the association to 

adhere to a “traditional” (i.e., consistent with adult literature), null or even a reversed 

pattern.70  

 A recent literature review reported 44 studies that examined the effect of 

socioeconomic status on health behaviors in adolescents.70  The findings from these 

studies were mixed, although the majority did show an inverse association between 

parental SES and smoking.  Specifically, eighteen studies found similar patterns as that 

found in adults indicating a higher prevalence of smoking among low SES teens relative 

to high SES teens.  Conversely, only five studies found a positive association, indicating 

that high SES adolescents smoked more than their low SES counterparts and two studies 

found positive associations in one subgroup.  Finally, nine studies reported no significant 

association. 

 Looking in more detail at a subset of the studies reviewed, a cross-sectional study 

conducted with a sample of 1308 Massachusetts adolescents found that the risk of 

adolescent smoking increased by 28% with each step decrease in parental education and 

increased by 30% for each step decrease in parental household income.  These 

associations persisted after adjustment for possible confounders, including adolescent 

disposable income.71  A study conducted by Pierce et al.49 found adolescents in the lowest 

education categories to be highly susceptible to future smoking.  Also, level of parental 
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education was identified as an important predictor of established smoking among 

adolescents. Interestingly, level of parental education was not associated with 

experimentation.  These findings suggest that parental education differs across various 

stages of smoking progression. 

 Another study that examined the effect of parental education on initiation over 

time found that higher parental education had a small protective effect on initiation until 

about age 15, but became a risk factor between ages 17-24.72 The findings indicated that 

parental education may delay initiation, but did not have a lasting protective effect.  

Similarly, a study by, Giovino6 found that parental education was inversely correlated 

with smoking prevalence for 8th grade students, but, by 12th grade, the differences in 

prevalence by parental education were less pronounced.  These results substantiate 

findings that children of parents with more formal education begin smoking at a slightly 

later age. 

 Conversely, a study that examined associations between SES and substance use 

among adolescents found that, after controlling for age, gender and race, teens with 

higher SES were more likely to have ever tried cigarettes (OR = 1.75, 95% CI: 1.00–

3.07,p < .05) compared to teens with lower SES.61  Family resources, computed by 

standardizing and summing family-level income and savings, were used to measure SES 

among adolescents.  This association between high SES and increased smoking has also 

been reported by another study on an adolescent sample in Charleston, South Carolina.73 

 Finally, a handful of studies have reported no association between parental SES 

and adolescent smoking behavior.74-77 
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1.4.3   Previous studies concerning the association between smoking and 

community-level socioeconomic status among adolescents 

 There is increasing evidence that the neighborhoods in which people live may 

influence health, operating through such mechanisms as: the availability and accessibility 

of health services; infrastructure deprivation; the prevalence of prevailing attitudes 

towards health and health related behaviors; stress and lack of social support.78 

 A recent literature review reported five studies that examined the effect of 

neighborhood social factors on smoking behavior among adults.67  Four of the five 

studies reported increased relative risks (RR) of smoking (RR ranging between1.2-1.7) in 

neighborhoods with low SES.  

Contrary to expectations, the majority of studies conducted on adolescents have 

reported an increase in smoking behavior among youth residing in affluent 

neighborhoods.  One study investigating the contextual effects of neighborhood SES on 

age of initiation reported black neighborhoods to have a protective effect against early 

cigarette use.  The predominantly black neighborhoods in Chicago are, on average, 

higher on all measures of social disadvantage than predominantly white neighborhoods.79  

Similarly, Ennett and colleagues reported higher rates of cigarette use in schools located 

in neighborhoods having greater social disadvantage.80  MacBride and colleagues 81 

reported lower rates of smoking among adolescents residing in poor neighborhoods.  Few 

studies have reported no association between neighborhood SES and adolescent smoking.  

The study done by Karvonen and Rimpela on adolescents, aged 16-18 years, reported no 

association between neighborhood SES and adolescent smoking after controlling for 

individual-level SES.82  Neighborhood-level SES measures included occupational 



 14

structure, self sufficiency of employment, and level of services.  Another study by Lee 

and colleagues found no association between neighborhood SES and adolescent smoking 

behavior.83  A single study conformed to patterns found in adulthood indicating increased 

smoking among adolescents residing in poor neighborhoods.84 

One major drawback of the prior studies is the lack of examination of cross-level 

interaction between neighborhood SES and individual SES.  Only a handful of studies, to 

our knowledge, have examined how neighborhood effects interacted with individual SES. 

Only one these studies examined the effect of individual and neighborhood SES on 

smoking.85  Neighborhood characteristics were defined by three factors, including 

neighborhood education, neighborhood concentration of elderly people, and 

neighborhood social disorganization. Individual-level SES was calculated from two 

indicators: educational attainment and monthly household income.  They found evidence 

for an interaction between individual and neighborhood.  Specifically, neighborhood 

education had a positive effect on smoking for low SES women, in contrast to negative 

effect on smoking for high SES women. 

Understanding the effect of neighborhood and individual SES on smoking will 

have policy implications to reduce social inequalities and lessen the burden to smoking 

and its health related consequences. 

 

1.5 The association between socioeconomic status and tobacco use among  the Indian 

Urban adolescents 

Globally, and in India, tobacco consumption is strongly associated with poverty, with 

those in lower socioeconomic classes using tobacco at higher rates.86  Two large, cross-
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sectional studies of adults in India have demonstrated that tobacco consumption is highest 

among those most marginalized in this country.  Using data collected in the Mumbai 

Cohort Study (1992-1994), Sorensen and colleagues33 examined social disparities in 

tobacco use in a large, population-based sample of adults 35 years and older (n=81837).  

The study used two indicators to measure socioeconomic position, education and 

occupation.  The results demonstrated that those who were less educated and employed in 

less skilled jobs were at highest risk for using tobacco.  Odds ratios (ORs) for risk of 

tobacco use according to educational level were higher among illiterate participants (male 

OR=7.38, female OR =20.95, p<0.05) than among college educated participants. 

Similarly, odds of tobacco use were also significantly different across occupation. 

Unskilled male workers (OR=1.66, p<0.05), male service workers (OR=1.32, p<0.05) 

and unemployed individuals (male OR= 1.84, female OR= 1.95, p< 0.05) were at more 

risk for tobacco use than professionals. 

The second study used data from the National Family Health Survey-2 (1998-

1999).87  Individuals 15 years and older across all parts of India were surveyed to provide 

nationally representative estimates of the prevalence of tobacco use, as well as 

socioeconomic and demographic correlates of tobacco consumption. Socioeconomic 

differentials of tobacco prevalence were assessed with respect to 3 measures of 

socioeconomic status –caste, education, and household wealth.  The results of this study 

showed 195 million people chewed or smoked tobacco (an underestimate according to 

the study) and tobacco consumption was significantly higher among the poor, less 

educated, scheduled castes, and scheduled tribes. “Scheduled caste” and “Scheduled 

tribe” represents population groups identified by India’s constitution as being marginal to 
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the mainstream socioeconomic and political processes.27,87,88  With higher tobacco use 

rates, those most marginalized in this country will bear the brunt of the numerous health 

hazards associated with tobacco use, which will ultimately translate to added economic 

burden for those who are already poor and disadvantaged. 

To date, only a single published study has examined the social disparities in 

tobacco use among Indian youth.89  Using school type as a proxy for SES (with 

government school attendance associated with low SES and private school attendance 

associated with higher SES), the study found that, after adjusting for city, gender, grade, 

and age, the prevalence rate for ever-use of any tobacco product was 18.9% for 

government school students compared with 12.2% for private school students. Students 

in government schools scored lower than private school students on most psychosocial 

risk factors for tobacco use studied here, indicating higher risk.  Government school 

students scored the lowest for refusal skills, self-efficacy, and reasons not to use tobacco. 

Social susceptibility to chewing tobacco and social susceptibility to smoking were strong 

correlates of current tobacco use among government school students.  Exposure to 

tobacco advertising was also a strong correlate of current tobacco use for government 

school students but not private school students.  In two large cities of India, students 

attending government schools are using many forms of tobacco at higher rates than 

private school students.  The psychosocial risk profile of government school students 

suggests they are more vulnerable to initiation and use and to outside influences that 

encourage use. 
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1.6 Overview of dissertation aims 

An association between SES and adolescent tobacco use has been investigated 

extensively in the US and results suggest some ambiguity in the pattern of association 

between SES and adolescent smoking exists.  To date, only a single published study has 

examined the social disparities in tobacco use among Indian youth.  The completed 

manuscripts seek to enhance understanding in these areas by evaluating the role of SES 

on the initiation and progression of tobacco use among adolescents.  The first manuscript 

uses data from the Minnesota adolescent community cohort (MACC) study, a 

longitudinal cohort study of Minnesota youth, to study the effect of individual-level and 

community-level SES on adolescent smoking trajectories, both separately and in 

combination.  The second and third manuscripts use data from a second study, project 

MYTRI (Mobilizing youth for tobacco related initiatives), a large-scale group 

randomized trial conducted in urban India.  The second manuscript empirically examines 

stages of tobacco acquisition among adolescents using latent class modeling.  This paper 

also examines potential heterogeneity in tobacco use stages by SES.  Finally, the third 

manuscript examines socioeconomic differences in patterns and trends of tobacco 

consumption over time.  Additionally, the profile of tobacco use was explored across 

high risk cognitions (i.e., intentions and susceptibility) and their predictive power was 

assessed, and the potential explanatory role of certain psychosocial risk factors was 

examined. 
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CHAPTER 2 

 

Study Designs and Data Collection 

2.1 The Minnesota Adolescent Community Cohort (MACC) study 

Overview 

The Minnesota Adolescent Community Cohort (MACC) study is an ongoing, population-

based, observational cohort study of 3,637 Minnesota adolescents nested in 60 

communities defined by geo-political unit (GPU) boundaries.  It is designed to assess the 

effects of tobacco control policies and programs on adolescent smoking.  The study 

collects information about tobacco-use behaviors, attitudes and environments from each 

participant every six months using telephone-administered surveys.  The ongoing data 

collection began in October of 2000.  All study protocols were approved by the 

University of Minnesota Committee on the Use of Human Subjects. 

Population and sampling: Two sampling strategies were employed depending on 

whether participants were from the State of Minnesota or the states of Kansas, Missouri, 

North Dakota, South Dakota, and Upper Peninsula of Michigan. In Minnesota, multistage 

sampling strategy was used to first sample 60 of the 129 geopolitical units using stratified 

random sampling.  The 129 GPUs were stratified by urbanicity (rural/suburban/urban) 

and ethnic minority representation (high/low), with oversampling to facilitate making 

inferences about minority subgroups.   

Next, 60 adolescents aged 12-16 were sampled from each GPU and recruited 

through modified random digit dialing (RDD).  This sampling technique was used to 

identify households with at least one teenager between the ages of 12 and 16 years within 
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the target GPU.  Within households, respondents were selected at random from among 

age quota cells that were still open for that GPU. In the comparison states, a total of 618 

similarly aged adolescents were randomly selected to serve as comparisons for aspects of 

the study not pertinent to the current proposals.  The final sample includes 4295 

teenagers, 3637 from the state of Minnesota and 618 from comparison states. 

Data collection: Each participant in MACC is telephoned every six months and asked to 

participate in a 15 minute survey about his or her tobacco use and attitudes.  The 

interview questions are worded so that adolescents can answer them with non-revealing 

responses.  Respondents completed telephone surveys every six months with the 

exception of the seventh round (October 2003 through March 2004) due to a lapse in 

study funding. 

The data sources are: 

Adolescent phone survey: This survey was administered to the entire MACC adolescent 

sample to measure tobacco-use behaviors and attitudes.  A main goal of the MACC 

adolescent survey is to measure where youth were along a tobacco-use continuum.  

Possible predictor variables include parental educational attainment, information about 

disposable income, and socio-demographic variables (age, gender, parental history of 

smoking, friend and sibling smoking status).  Where available, the survey used measures 

validated in other studies.  To retain participation, several standard protocols, such as 

incentives, callbacks, and verification of contact information were used.  The study 

continued to follow participants who moved out of a MACC GPU if a participant had 

stayed in the cohort at least up to the third round of data collection.  Participants 

completed telephone surveys every six months with the exception of the seventh round 
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(October 2003 through March 2004) due to a lapse in study funding.  The survey has an 

excellent retention rate, with nearly 80% of the original sample retained at round 13 (6+ 

years from baseline).   

 

2.2 Mobilizing Youth for Tobacco Related Initiatives (MYTRI) 

Overview 

Project MYTRI is a group-randomized trial designed to prevent the onset and reduce the 

prevalence of tobacco among urban schools in Delhi and Chennai, India. . In 2004, thirty-

two schools in two major cities of India were recruited to participate in the trial and were 

randomly assigned to receive a tobacco prevention program or serve as a delayed 

program control.  Ethical clearances for the trial were obtained from the IEC in India 

(Independent Ethics Committee, Mumbai) and the IRB in Minnesota (Institutional 

Review Board, Minneapolis).  

Intervention: The intervention program was implemented over two consecutive 

academic years (2004-05 & 2005-06).  The intervention was a school-based, multiple-

component program delivered to the students through classroom curricula, school posters, 

parent postcards and peer-led health activism. 

Population and sampling: In 2004, thirty-two schools in Delhi (n=16) and Chennai 

(n=16) were recruited to participate in the trial, matched according to the type of school 

(Private vs. Government; Co-ed vs. Boys-only vs. Girls-only) and randomly assigned to 

receive a tobacco prevention program or serve as a delayed program control.  This 

distribution assured gender and socioeconomic diversity, and was representative of the 

distribution of types of school in India.  It was a convenience sample. 



 21

Passive parental consent and active student assent were required and obtained by 

staff prior to survey administration.  All students enrolled in the 6th and 8th grade (age 

10-16 years) in the 32 schools were eligible for this study and invited to participate 

(n=12484).  These students were followed up with the subsequent surveys in 2005 and 

2006.  Over, 14,000 students participated in all three surveys from 2004 to 2006.  

Data collection: A self-administered pencil and paper survey was implemented in all 

classrooms in these schools by two-person teams of trained staff using standardized 

protocols.  Students in both arms were surveyed annually from 2004-2006.  The 

confidentiality of the student responses was assured. 

The data source is: 

Student Survey: This survey was administered to the entire MYTRI sample to measure 

susceptibility, onset and prevalence of tobacco use among urban youth in India.  Students 

in the intervention condition were surveyed three times to evaluate the effects of the 

intervention, at baseline (2004), between year 1 and 2 of the intervention (2005) and after 

conclusion of the intervention (2006).  Similarly, students in the control condition schools 

were surveyed annually from 2004-2006.  Measures of tobacco use included type of 

tobacco used (cigarette, bidi, cigar, smokeless, etc), past history of use, and current use. 

Surveys were administered in English, Hindi, and Tamil, based on the medium of 

instruction in schools.  All Private schools in Delhi and Chennai received an English 

survey, while the Government schools received a Hindi version in Delhi and a Tamil 

version in Chennai.  The survey is adapted from other instruments used in prior research, 

including the Global Youth Tobacco Survey and a survey specific to Indian youth.  The 

survey underwent a rigorous pilot process before implementation, to ensure reasonable 
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reliability and validity among both the Government and Private school students.  The 

survey had a fairly good retention rate.  

 

 
 

 

 
 
 
 
 



 23

CHAPTER III 

 

Manuscript 1: Community-level and individual-level socioeconomic status effects on 

adolescent smoking outcomes: A multilevel growth curve analysis 

Social stratification distributes certain health behaviors across social groups, 

which in turn generates social differences in health.  Previous research has consistently 

documented social class gradients in adult health behaviors, including smoking.  

Understanding the differential effects of SES on adolescent smoking trajectories could 

guide prevention efforts.  This analysis explores change over time in smoking behavior 

and the independent effects of parental education (a proxy measure for individual-level 

socioeconomic status) and community-level socioeconomic status (SES) on both initial 

level of smoking behavior and change over time during the course of adolescence.  It also 

examined community-level SES as a potential effect modifier.  Data were derived from a 

multi-wave study of adolescents, the Minnesota Adolescent Community Cohort study, a 

population-based, observational cohort study designed to assess the effects of tobacco 

control policies and programs on adolescent smoking.  Cohort-sequential latent growth 

models were estimated.  The results for main effects of individual-level SES on 

adolescent smoking show that individuals with low parental education were smoking 

more over time compared to adolescents with  more educated parents.  Community-level 

SES was not associated with adolescent smoking.  The interaction between individual- 

and community-level SES, however, was significant.  The results indicate that 

community-level SES had a positive effect on smoking trajectories for low individual-

level SES adolescents, in contrast to a negative effect on smoking trajectories among high 
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individual-level SES youth.  The implications of these findings, including future study 

directives, are discussed. 
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3.1 Introduction 

There is increasing evidence that the neighborhoods in which people live may 

influence health, operating through such mechanisms as the availability and accessibility 

of health services, infrastructure deprivation, the prevalence of prevailing attitudes 

towards health and health-related behaviors, stress, and lack of social support.78  

Likewise, research suggests that there is a persistent and definite pattern of youth 

smoking across communities defined by geographical areas and groups defined by 

gender, race, education level, occupation income and marital status.90  These findings 

substantiate the prospect of environmental influences at the community level upon human 

behavior, including both the main effects as well as the moderating or conditioning 

effects of such contexts.  Furthermore, even after controlling for a number of individual-

level characteristics, significant unexplained variability in smoking remains.  

Consequently, in order to better understand individual behaviors and outcomes, it may be 

beneficial to analyze not only the characteristics of individuals but also those of the social 

groups to which they belong 91.  Health behaviors, including youth smoking, are typically 

studied at the individual-level, ignoring the social context that shapes and constrains 

these behaviors.92  There is some evidence that effects of the community in which the 

individual is embedded should be considered while studying these behaviors.  

Wilcox 93 has defined community as “a geographic space (although geographic 

boundaries can be imprecise and variable) in which individuals, their proximal contexts 

(e.g. families and peer groups, etc.), and their physical structures (e.g. store, churches, 

farms, schools, hospitals, playgrounds, businesses, billboards, roads, etc.) are embedded, 

resulting in a larger, more distal context that has aggregate social and cultural 
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characteristics of its own”.  Darling and Steinberg described the possible mechanism of 

how context influences outcomes succinctly; “individuals within a community share 

resources and a common sense of identity”.94  

There is an increasing amount of empirical evidence that community-level variables 

may shape the distribution of health-related behaviors of its residents.  A recent literature 

review reported five studies that examined the effect of community social factors on 

smoking behavior among adults.67  Four of the five studies reported increased relative 

risks (RR) of smoking (RR = 1.2-1.7) in communities with low SES. 

Community-level socioeconomic status and adolescent smoking 

Contrary to expectations, the majority of studies conducted on adolescents have 

reported an increase in smoking behavior among youth residing in affluent 

neighborhoods.  For example, one study investigating the contextual effects of 

community SES on age of initiation reported black neighborhoods to have a protective 

effect against early cigarette use.  The predominantly black neighborhoods in Chicago 

are, on average, higher on all measures of social disadvantage than predominantly white 

neighborhoods.79  Similarly, Ennett and colleagues reported higher rates of lifetime 

cigarette use in schools located in neighborhoods having greater social advantages.80  

MacBride and colleagues reported lower rates of smoking among adolescents residing in 

poor neighborhoods.81  In addition, a few studies have reported no association between 

community SES and adolescent smoking.82, 83  The study by Karvonen and Rimpela on 

adolescents aged 16-18 years reported no association between neighborhood SES and 

adolescent smoking.82  Only one study conformed to patterns found in adulthood 

indicating increased smoking among adolescents residing in poor neighborhoods.84  
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These studies emphasize the need to investigate the role of contextual effects and not 

concentrate solely on individual-level predictors on health behavior. 

Individual-level socioeconomic status and adolescent smoking 

A review of the extant literature on association between adolescent smoking and 

individual-level SES reveals that the adolescent population does not consistently show 

the SES-smoking gradient that is pervasive among adults (i.e., lower SES adults smoke 

more than higher SES adults).  Instead, studies have found the associations to adhere to a 

“traditional” (i.e., consistent with adult literature), null or even a reversed pattern. 70  The 

findings from a recent literature review on effect of SES on adolescent health behaviors 

were mixed, although the majority did show an inverse association between parental SES 

and smoking.70  Specifically, eighteen out of 44 studies found similar patterns as that 

found in adults indicating a higher prevalence of smoking among low SES teens relative 

to high SES teens. Conversely, only five studies found a positive association, indicating 

that high SES adolescents smoked more than their low SES counterparts and two studies 

found positive associations in one subgroup.  Finally, nine studies reported no significant 

association. Overall, the evidence is mixed regarding the direction of individual SES on 

adolescent smoking rates. It is possible that these inconsistencies could be due to the 

moderating effects of the neighborhood characteristics of its residents. 

One major drawback of the prior studies is the lack of examination of cross-level 

interaction between community SES and individual SES.  Only a handful of studies have 

examined how community effects interacted with individual SES, and only one of these 

studies examined the effect of cross-level interaction between individual and 

neighborhood SES on smoking.85  Using longitudinal data from the Taiwan Social 
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Change Survey conducted in 1990, 1995, and 2000, the authors examined the association 

between both community and individual SES on smoking behavior among 5883 men and 

women over 20 years of age living in 434 neighborhoods. They found evidence for an 

interaction between neighborhood and individual SES, with neighborhood education 

having a positive effect on smoking for low SES women (i.e., higher neighborhood 

education associated with higher likelihood of smoking), but a negative effect on 

smoking for high SES women. 

The proposed study is designed to address a number of gaps in the existing 

literature, including a lack of consistent data on the effect of individual SES on 

adolescent smoking, the effect of community-level SES on adolescent smoking 

trajectories (i.e., the variation in smoking behavior at the initiation and established 

smoking ends of the spectrum), and the possible moderating effect of community-level 

SES on the relation between individual SES and adolescent smoking trajectories.  In 

other words, if the association between individual-level SES and adolescent smoking 

behavior differs (i.e., is stronger or weaker) for communities with low and high SES (i.e., 

community-level and individual-level SES interact). 

Based on previous research and community-level theory, Wilcox has proposed a 

multi-level conceptual model of community-level effects on smoking (Figure 3.1).93  As 

part of our analytic plan we will examine path 1 (the main effect of individual-level SES 

on smoking), path 2 (the main effect of community-level SES on smoking), and path 5 

(the potential moderating effect of community-level SES on the association between 

individual-level SES and smoking behavior). 
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Figure 3.1 Conceptual multi-level model of individual smoking (Source: Wilcox, 

2003) 
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3.2 Methods 

3.2.1. Study Design 

Data comes from the Minnesota Adolescent Community Cohort (MACC) study, 

described in detail in Chapter 2.  MACC is a population-based, observational cohort 

study designed to assess the effects of state and local tobacco control policies and 

programs on youth tobacco use in Minnesota.  To accomplish its aims, the state was first 

divided into 129 geopolitical units (GPUs) thought to reflect local tobacco control 

environments.  A stratified random sample of 60 GPUs was selected based on region and 

race/ethnicity.  Of the 60 GPUs, 28 % are rural (46%), 21 suburban (35%), 3 small city 

(5%), and 8 urban (14%).  Five age cohorts (ages 12, 13, 14, 15, and 16) were established 

and approximately 60 participants, 12 in each age cohort, participated from each of the 60 

GPUs.  All study protocols were approved by the University of Minnesota Committee on 

the Use of Human Subjects. 

 

3.2.2. Study participants 

Study participants completed the survey via phone interview, with parent 

permission obtained for all minors.  The survey was administered by Clearwater 

Research, Inc., using modified random digit dial sampling.  Each interview lasted 10 to 

20 minutes and was structured so that spoken responses would not be revealing to anyone 

overhearing the respondent.  Fewer than 40% of parents or teens declined to participate 

during the initial recruitment phase. Non-response rates were similar across all GPUs 

regardless of their political and geographical characteristics.  The ongoing data collection 

began in 2000. Although the MACC study has up to 15 rounds of data available, only a 
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subset was chosen for the current analyses based on two primary criteria: first, to 

investigate development during adolescence only; second, use of an accelerated design. 

Using these criteria, all five cohorts (ages 12 to 16) were followed for 3 years and were 

linked to form a common developmental trajectory spanning ages 12-18. The final 

analysis sample includes 3635 participants. 

 

3.2.3. Measures 

Smoking level. The main outcome measure in this study is smoking progression.  

Smoking level was determined using five items and defined as smoking stage. It has six 

categories representing increasing levels of smoking (1 = never smoker, 2 = tier, 3 = less 

than a monthly smoker, 4 = experimental smoker, 5 = regular smoker, 6 = established 

smoker).  A “never smoker” was defined as someone who never smoked (not even a puff) 

in their lifetime.  A “trier” was defined as someone who smoked one cigarette or less in 

their lifetime.  A “less than monthly smoker” was defined as someone who smoked more 

than one cigarette in their lifetime, but did not smoke in the past 30 days.  An 

“experimenter” was defined as someone who smoked at least once in the past 30 days.  A 

“regular smoker” was defined as someone who smoked at least once in the past week. 

Finally, an “established smoker” was defined as someone who smoked daily or most 

days.  All smoking stage categories are mutually exclusive.  Smoking practices were 

assessed at each round of data collection. 

Individual-level SES. The educational level of parents was used as an indicator of 

individual-level SES in this setting.  The highest level of education attained by either 

parent was used.  Level of parental education was measured on a 9-point scale ranging 
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from never attended school, only kindergarten to graduate/professional degree. 

Specifically, it was measured as (1) never attended school, only kindergarten, (2) grades 

1-8, (3) grades 9-11, (4) high school graduate or GED, (5) some college, no degree, (6) 

tech/community college graduate, (7) college graduate, (8) some graduate/professional 

school, and (9) graduate/professional degree. 

Exploratory analysis indicates that the relationship between parent education and 

smoking stage at baseline was nonlinear.  It can be best characterized by a deprivation 

rather than a gradient relationship.  Adolescents having parents with high school or less 

education were smoking more compared to adolescents with higher parental education. 

As a result of this analysis and a technique described by Szklo and Nieto to model 

nonlinear relationships, 95 parental education was dichotomized into two levels: low (≤ 

high school), and high (>high school). 

Community/GPU-level SES. No single measure of community SES was available. 

Instead, multiple indicators from the Census 2000 database were combined to create a 

measure.  These census variables are time-invariant, and assigned to study participants 

based on the GPU where a participant resided at baseline.  Since GPU boundaries and 

census block group boundaries do not always perfectly align, each block group contained 

partly within a GPU was assigned to the GPU based on the proportion of the block group 

population that was contained within the GPU.  

Principal component analysis (PCA)96 was conducted on six census variables 

shown to reflect community-level SES,97 percent with less than a high school degree, 

percent living below poverty line (income to poverty ratio less than 1.5), percent 

unemployed (among those age 16 and older), percent families headed by female 
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householder, median housing value, and median household income.  Variables, percent 

population with less than high school degree, percent with ratio of income to poverty 

under 1.50, percent civilians 16+ unemployed, and percent of families with female 

householder were rescaled such that high scores on the six SES variables reflected higher 

levels of SES.  All six census variables loaded highly on the first component, which 

accounted for 73.54% of the cumulative variance.  Optimal regression weights were used 

to create a continuous community-level SES variable, which had a mean of zero and 

standard deviation of 1, and ranged from – 3.39 to 1.86.  A median split was used to 

dichotomize the continuous community-level SES variable into two levels: low (below 

the median), and high (above the median). 

PCA analyses were conducted using PROC FACTOR in SAS for Windows (version 9.1; 

SAS Institute Inc., Cary, NC). 

Other Demographic characteristics. Demographic information, including sex and 

race/ethnicity, was collected from participants at baseline.  Community type (e.g., urban 

and rural) was coded based on geopolitical unit membership.  All GPUs contained within 

the metro area were defined as urban (Minneapolis and Saint Paul) or suburban.  Those 

within the 3 largest cities outside the metro area (Duluth, Rochester, St. Cloud) were 

classified as small cities, and as the remaining GPUs were classified as rural.  For the 

current analyses, a dichotomous indicator was created with urban and suburban coded as 

urban and small cities and rural coded as rural. 
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3.3 Analysis 

Given the hierarchical nature of the data, where individuals are nested within GPUs, 

we will use multilevel modeling to account for this clustering.98  This technique provides 

a statistically sound way of integrating micro- and macro-level variables by incorporating 

submodels for each level involved in the structure of data.79, 99,100  Multilevel models 

separate the variation in an outcome into individual and group-level components, 

accounting for the correlation in the outcome within groups.92,101  The violation of 

independence assumption (i.e., individuals are independently sampled) can lead to 

incorrect estimation of standard errors of model parameters in conventional (non- 

hierarchical) regression models and the possibility of incorrect inference concerning the 

effects of the community-level characteristics (i.e., type I error is inflated). 

Specifically, latent growth curve modeling was used to regress smoking status (both 

baseline and change over time) on SES indicators.  Growth curve analysis is a two-stage 

process. In the first stage, within-individual changes over time were examined.  For 

example, exploratory analyses were conducted to examine the nature of each person’s 

smoking behavior, his/her temporal patterns of growth, type of changes, and the 

similarities and differences in these changes across people.  Goodness of fit indices 

(Comparative fit Index (CFI),102 and Root Mean Square Error of Approximation 

(RMSEA),103 were used to evaluate the degree of data fit to the hypothesized model.  In 

general, an acceptable model fit is indicated by a CFI value of .90 or greater and RMSEA 

value of .05 or lower.  The types of trajectories (e.g., no change, linear change) were 

examined and compared using two parsimony-based model-testing criteria, the Akaike 

Information Criteria (AIC),104) and the Bayesian Information Criteria (BIC),105) with the 
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best-fitting model  optimally explaining changes in smoking behavior over time. These 

measures are intended for model comparisons and cannot be used for evaluating an 

isolated model.106  Due to limited number of data points (3 per age cohort), curvilinear 

change trajectory could not be modeled. 

In the second stage, the best-fitting unconditional model was expanded to include 

predictors.  Univariate analyses of the effects of individual-level SES (model 1) and 

community-level SES (model 2) on latent trajectories of smoking behavior were 

conducted, while simultaneously adjusting for all potential covariates (sex, race, and 

community type).  Also, the potential moderating effect of community SES on the 

relation between individual SES and adolescent smoking behavior was tested via an 

interaction of these two measures (model 3). 

 

3.3.1. Latent Growth Curve Analysis 

Latent growth curve modeling was used to map the development of smoking behavior in 

adolescents.  This approach posits the existence of continuous underlying or latent 

trajectories.  The pattern of change in the repeated measures provides information on the 

trajectories, with the trajectory process only observed indirectly using the repeated 

measures.107  

The unconditional model allows each individual to have a unique intercept and slope to 

describe the level of a variable across time.  This trajectory is an estimate of intra-

individual (within person) change in smoking behavior for the ith adolescent. Fitting a 

trajectory for each adolescent allows for examination of the characteristics of these 

trajectories across all adolescents (i.e., temporal patterns of growth.99,107 
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Unconditional Models  

Level 1 Model - individual growth trajectories of the adolescent smoking behavior at 

time t of individual i in GPU j 

Ytij (smokestage) = π0ij + π1ij*(Time)tij + etij                    

where Ytij is the outcome at time t for adolescent i in GPU j, π0ij is the initial status of 

smoking behavior of adolescent ij, that is, the expected outcome for that adolescent at the 

age of entry into study (Intercept), π1ij is the rate of change of smoking behavior for 

adolescent ij for every one unit increment in time (Slope), and etij are the individual-level 

errors. 

Level 2 Model - represents the variation in growth parameters among adolescents within 

a GPU  

π0ij = β00j + γ0ij 

π1ij = β10j + γ 1ij 
 
Where β00j  is the mean initial status of  smoking behavior within GPU j, β10j is the mean 

rate of change of smoking behavior within GPU j, and γ0ij  and  γ1ij are the variation 

among adolescents within each GPU on initial status and smoking rates. 

 

Conditional Models  

An explanatory/conditional model allowed for estimation of the separate effects 

of individual SES and GPU SES on individual smoking behavior.  

 



 37

Level 1 Model - same as level-1 unconditional model 

Level 2 Model - represents the variability in each of the growth parameters among 

adolescents within GPUs. The effects of individual SES will be represented in this model. 

π0ij = β00j + β01j*(X1, Individual SES) ij + γ0ij 
 
π1ij = β10j + β11j*(X1, Individual SES) ij + γ1ij 

where β01j is the individual SES gap on initial status of smoking behavior in GPU j and 

β11j is the SES gap on rate of change in smoking behavior in GPU j. 

 

3.3.2. Cohort-sequential Latent Growth Analysis 

 The cohort-sequential design,108 also known as an accelerated longitudinal design, 

links adjacent segments of limited longitudinal data from different cohorts to determine 

the common underlying developmental trend.106,109  Using this technique, a long-term 

longitudinal study can be approximated by simultaneously conducting and connecting 

several short-term longitudinal studies of different age cohorts.  

 

3.3.3. Present analysis 

For the current analysis, a cohort-sequential latent model was specified and tested 

for existence of a common trajectory for smoking behavior from ages 12-18.  Findings 

suggest that a common “true longitudinal” growth trajectory was feasible and a linear 

growth function would accurately describe the overall curve.  

These models were estimated within a multiple group, multiple cohort context. 

All parameters related to the growth factors were constrained to be equal across all 
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groups (cohorts).  Other parameters were held equal when an age was represented by 

more than one cohort.  It was possible to test for assumptions of invariance of growth 

parameters across cohorts (i.e., the viability of specifying a common developmental trend 

across the 8 years represented by the design).  Except for model specification and test for 

convergence, the analytical approach was similar to that described under latent growth 

curve analysis.  All analyses were conducted in Mplus version 5.2110 

 

3.4 Results 

 The linear accelerated latent growth model fit better than the no change model 

(indicated by lower AIC and BIC values), and, based on the standalone fit indices, fit the 

data well (CFI= 0.89, RMSEA = 0.09).  Results from the liner model show a significant 

intercept, Mi = 1.145 (p<.001) and a significant slope Ms = 0.26 ( p< .001) suggesting an 

age effect on smoking behavior. Specifically, the average smoking stage at age 12 was 

just above stage 1 and increased .26 points for every 1-year increase in age from ages 12-

18 years.  Considerable variation across individuals in initial smoking behavior and in the 

developmental trajectory was indicated by the variances for the intercept (Di = 0.316, p< 

.001) and the slope (Ds = 0.097, p< .001).  Both the observed smoking behavior over time 

by cohort and the overall (across cohort) estimated smoking behavior (via the cohort-

sequential model) are shown in Figure 3.2.  As can be seen in the figure, the observed and 

the estimated means are quite similar, justifying the use of a cohort-sequential model to 

approximate a true longitudinal curve in this data and also supporting the assumption that 

the cohorts come from the same population.110  
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Estimates from the growth curve analyses are presented in Table 3.1.  The 

leftmost column presents results from Model 1, which regresses smoking stage on 

individual-level SES, after adjusting for demographic variables (gender, race, and 

community type).  Baseline levels of smoking were significantly different between high 

and low SES-group individuals (p<.001), with low SES youth having a higher average 

smoking stage at age 12 than high SES youth (1.48 vs. 1.29, respectively).  In addition, 

there were significant between-group differences in the trajectories of smoking over time. 

Average smoking stage increased .344 per year of age among low SES youth and 

increased .255 per year of age among high SES youth (a difference of .089 (p<.001). 

These results are depicted graphically in Figure 3.3  

Effect of community-level SES on adolescent smoking was explored in Model 2 

(center column of Table 1), after adjusting for demographic variables. There were no 

significant differences at baseline or in the trajectories (rates of growth) of smoking 

levels over time, between high and low SES-group (Figure 3.4). 
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Figure 3.2 Smoking stage (12-16 years), joined together to form a trajectory of smoking from ages 12-18 year 
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Table 3.1: Associations between individual-level SES, GPU-level SES, and 
individual smoking behavior (mean), Minnesota Adolescent Community Cohort 
 
 Model 1 Model 2 Model 3 

Parental education    

   Baseline - 0.184(0.05)**  - 0.123(0.07) 

   Linear rate of change - 0.089(0.02)**  - 0.045(0.03) 

GPU-level SES    

   Baseline  - 0.071(0.04) 0.051(0.09) 

   Linear rate of change  -0.019(0.03) 0.062(0.04) 

Parental education X 

GPU-level SES 

   

   Baseline   - 0.135(0.10) 

   Linear rate of change   - 0.097(0.05)* 

Race/ethnicity    

   Baseline - 0.209(0.07) - 0.208(0.08) - 0.197(0.08) 

   Linear rate of change - 0.008(0.023) - 0.009(0.03) - 0.004(0.03) 

Community type    

   Baseline - 0.052(0.03) - 0.02(0.04) - 0.014(0.04) 

   Linear rate of change - 0.015(0.02) - 0.009(0.03) - 0.004(0.03) 

Gender    

   Baseline 0.019(0.03) 0.022(0.03)** 0.020(0.03)** 

   Linear rate of change 0.004(0.01) 0.004(0.02)     0.006(0.01) 
1 Estimates are generated from multiple group, multiple cohort growth models that are adjusted for race, 
community type & gender at baseline. 

  * = Statistically significant at <0.05 level 
  ** = Statistically significant at <0.001 level 
 

 

 

 



 42

 

 

 

 

0

1

2

3

4

5

6

12 13 14 15 16 17 18

Age (years)

S
m

o
ki

n
g

 S
ta

g
e

Low individual-level SES

High individual-level SES

 

 

 

Figure 3.3 Main effects of individual-level SES 
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Figure 3.4 Main effects of community-level SES 
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Figure 3.5 Moderating effect of community-level SES on the association between 
individual-level SES and adolescent smoking over time 
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Finally, community-level SES was examined as a potential effect modifier after 

adjusting for demographic variables (Model 3).  Although baseline levels of smoking 

were not significantly different between the four groups (i.e., individual * community 

SES), there were significant between-group differences in the trajectories of smoking 

over time.  Among high community-level SES participants, smoking stage increased 

more among the low individual-level group (.371 per year) than the high individual-level 

group (.229 per year).  In contrast, among the low community-level SES participants, 

smoking stage increased more among the low individual-level group (.309 per year) than 

among the high individual-level group (.264 per year).  This interaction is depicted 

graphically in Figure 3.5  

 

3.5 Discussion 

 This study examined the prospective relations of parental education (proxy for 

individual-level SES) and community-level SES on adolescent smoking levels. 

Additionally, it also investigated the moderating effect of community-level SES on 

individual-level SES and adolescent smoking.  The results are consistent with prior 

studies that have assessed the effect of parental education on adolescent smoking 

behavior and found smoking to be most common among adolescents from less educated 

families.  There are a number of potential explanations for why this effect is seen.  It is 

well-established that low parental education is associated with higher parental smoking. 

57, 71  Behavior modeling might influence adolescents to follow their parents and initiate 

uptake of smoking or influence higher transitions.57, 111  Additionally, parental smoking 
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may increase the opportunity for procuring cigarettes, especially in the initial stages of 

smoking.41  There are also a number of potential ways in which parent education may 

influence youth smoking, independent from parent smoking.  For example, adverse health 

consequences of smoking may not be salient to adolescents from less educated families.  

Adolescents from families with less educated parents might also experience more 

stressors than adolescents with more educated parents.  Although the current study was 

not able to evaluate these mechanisms for how SES influences youth smoking in more 

detail, future studies exploring these potential mechanisms are certainly warranted. 

Our results did not support the notion that socioeconomic characteristics of 

communities are associated with youth smoking.  The initial levels and the rate of change 

in smoking were similar across both low and high community-level SES groups.  We did, 

however, find that community socioeconomic context affects smoking behavior 

differentially depending on individual socioeconomic position (i.e., community-level 

SES had stronger effects on low individual-SES adolescents than on high individual-level 

SES youth).  Although adolescents in low individual-level SES group had a greater 

probability of smoking more than those in high individual-level SES group in both low 

and high community-level SES communities, the slopes show that community-level SES 

had a stronger effects for adolescents with low individual-level SES compared to 

adolescents with high individual-level SES. 

In other words, adolescents with lower individual-level SES living in more 

affluent communities had highest levels of smoking compared to other groups.  This 

result supports the hypothesis of “relative deprivation”. 68,85,112  This hypothesis suggests 

that residing in communities with higher socioeconomic levels might be detrimental to 
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the health of individuals from less educated /less affluent families.  They might 

experience health effects of structural and/ or psychosocial relative deprivation.  

Deprivation could cause higher levels of stress and anxiety, leading to smoking as a 

coping mechanism. 

 This study builds on previous findings and expands understanding of progression 

of youth smoking using growth curve analysis.  A major contribution of this study is the 

examination of community influence on adolescent smoking trajectories and its 

moderating effect on individual-level SES and adolescent smoking.  The trajectories 

found in this study underscore the significance of both individual- and community-level 

socioeconomic influences on behavior.  

This study has limitations that need to be considered when interpreting the results. 

First, is the measurement of individual-level SES.  Highest educational attainment by 

either parent was used as a proxy measure for an adolescent’s SES.  Unlike this study, 

most published studies have used to two or more parental characteristics to assess an 

adolescents SES.  However, education is measured with little error and is more stable 

over one’s life time than alternative measures of SES, for example occupation or 

income.66  The above mentioned issues could affect the validity and reliability of our 

measure of individual-level SES.  Also, parental education may have differential effect 

depending on community type (rural vs. urban).  Second, the current GPU-level measures 

of socioeconomic position were limited to indicators of structural features (i.e., census 

based SES variables), and there was no available data on more informative characteristics 

of the socioeconomic context of GPUs such as social and service environments.  Future 

research should examine the effects of different dimensions of SES on adolescent 
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smoking.  Finally, the data used to define the smoking statuses are all self-report and low 

reliability and/or validity of these measures, coupled with reporting bias (i.e., over- or 

under-reporting of smoking behaviors), could lead to biased model estimates.  It should 

be noted, however, that studies have found fairly high reliability and validity of self-

report measures of smoking behavior.113 

This study has several methodological advantages over previous studies, 

including an accelerated design.  Unlike previous group-level studies that had very small 

sample sizes and therefore limited power to detect group-level effects, MACC has a large 

sample size, both in terms of overall N and the number of individuals per group (there are 

60 individuals in 60 GPUs, accounting for the total sample size of 3635).  Most 

importantly, this study was the first in the United States to examine the effects of 

neighborhood SES on changes in amount/frequency and stabilization of smoking 

behavior among adolescents longitudinally. 

Findings from the current study suggest that continued efforts to prevent or 

intervene with adolescent smoking may be particularly helpful for adolescents from less 

educated families residing in more affluent neighborhoods.  Further research is needed to 

assess the mediating effect of parental, and friends’ smoking on the association between 

parent education and adolescent smoking.  
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CHAPTER IV 

 

Manuscript 2: Socioeconomic differentials in stages of tobacco acquisition among 

adolescents in India 

The process of smoking onset among adolescents appears to progress through a 

sequence of discrete stages, from receptivity to dependence on tobacco use.  Although 

these stages have been empirically-derived in the US, it is not clear whether there may be 

differences in this stage-sequential development between countries.  Having an 

understanding of these empirically-derived stages could help develop effective 

interventions to prevent tobacco uptake.  This study explores tobacco acquisition among 

adolescents in urban India using latent class analysis.  It explores socioeconomic 

differences in the tobacco uptake continuum using data from a multi-wave study of 

adolescents, Project MYTRI. Students in eight private (high socioeconomic status (SES)) 

(n=1330) and eight government (low-mid SES) (n=2520) schools in the control condition 

of an intervention trial (Project MYTRI) in two large cities in India were surveyed about 

their tobacco use and related psychosocial risk factors in 2004 and 2006.  Six indicators 

were used to assess the stages of tobacco acquisition in government and private schools, 

separately, at these two time points.  Results suggest that a 3-latent class and a 4-latent 

class model were most appropriate for this adolescent population, in private and 

government schools, respectively.  Although, the number of latent classes was the same 

at both time points, the meaning of these classes differed over time.  The implications of 

these findings, including future prevention study directives for youth in India, are 

discussed. 
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4.1 Introduction 

The process of smoking onset among adolescents appears to progress through a 

sequence of discrete stages, from receptivity to dependence on tobacco use.16,39-41 Not all 

adolescents advance beyond experimentation with cigarettes; still, those who become 

smokers as adults experience, theoretically, similar, well-defined stages in the behavior-

acquisition process.  While this complex behavioral transition is theoretically grounded, it 

requires further empirical research. 

Over the years, several models have been developed to better understand the smoking 

onset and progression mechanism among adolescents.  Flay and colleagues have made an 

important contribution to advance our knowledge of the initiation continuum toward 

patterns of regular smoking among adolescents by proposing the five developmental 

stages of smoking that are the never smoking (preparatory) stage, the trying stage, the 

experimental stage, the regular use stage, and finally, the addiction or the dependence 

stage.39  The model incorporates measures of smoking behavior and has a temporal 

ordering to the stages.  Progress through these theoretical stages is presumed to take at 

least two years, although the natural history of smoking onset process has never been 

adequately or empirically defined.16,114 

Adolescents in the preparatory stage have never smoked even one puff and it is in 

this stage that they start to develop attitudes and beliefs about smoking.  The second stage 

encompasses initial trying.  Depending on physiological effects and social reinforcements 

after trying a few cigarettes, the adolescent proceeds to the experimental stage, which is 

marked by repeated, but irregular use of cigarettes over an extended period of time.  
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Next, an individual advances to regular smoking, which involves smoking on a regular 

basis, perhaps weekly.  The final stage is defined by a physiological need for nicotine.16,39 

A second major model used to understand smoking onset and progression is based 

in the transtheoretical model of change, proposed by Prochaska and colleagues.43  This 

model construes smoking acquisition as progression through a sequence of discrete stages 

of cognitive and behavioral change.  The model embodies constructs such as processes of 

change, decisional balance, and self efficacy. Pallonen and colleagues integrated 

adolescent smoking and cessation into a nine-stage change continuum using the 

transtheoretical model of change and tested it, empirically.46  These nine stages include 

the three stages of smoking acquisition: acquisition precontemplation (not intending to 

smoke in the foreseeable future), and acquisition contemplation (intending to smoke in 

the foreseeable future), acquisition preparation (intending to smoke in the immediate 

future).  The cessation stages of change included four stages for current smokers and two 

stages for former smokers.  The stages of change construct provide a temporal ordering to 

the initiation-cessation continuum.  Majority of the participants (65.8%) were in one of 

the three acquisition stages and the rest (34.2%) were in one of the six cessation stages.  

A recent study by Guo and colleagues used latent class analysis to examine the 

transtheoretical model staging algorithm in adolescent smoking in central England.115  

They found reasonable support for the staging algorithm.  Results from year 1 data 

showed that 84% of the participants were in the precontemplation acquisition stage and 

6.8 % and 9% were in contemplation and preparation stages, respectively. 

A third model, the susceptibility model, proposed by Pierce and colleagues, 

integrates constructs of intentions and expectations of future behavior to define 
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susceptibility and to identify individuals who have a cognitive predisposition to smoking. 

47  Susceptibility has been defined as failure to exhibit a determined decision not to 

smoke either in the future (e.g., in the next year) or in a certain context (e.g., if offered a 

cigarette by a friend).47  Susceptibility measures resistance, or rather lack of it, to 

differentiate between persons in the earliest phases of acquisition and includes an 

additional situational component.  This construct lacks a temporal ordering and classifies 

an individual as minimally to highly susceptible. They found susceptibility to be a very 

strong predictor of later smoking behavior among non smoker adolescents.  This model 

has been validated extensively in the literature and predicts smoking, prospectively.48,49 

Finally, Prokhorov and colleagues refined the algorithm of smoking acquisition 

by integrating the stages of smoking acquisition from Prochaska’s transtheoretical model 

and Pierce’s smoking susceptibility.51  The new integrated measure divided the 

acquisition precontemplation group into not susceptible acquisition precontemplation and 

susceptible acquisition precontemplation based on social influences.  It expanded on the 

preparatory stage and refined it based on adolescents’ attitudes and intentions regarding 

tobacco use.  These subgroups differed in their likelihood of progressing to regular 

smoking.  The integrated measure predicted future smoking more accurately than did 

either model alone.51 

In summary, a number of theories have been used to better understand the onset 

and progression of smoking, with recent work focusing on integrating these models and 

testing them empirically.  One major limitation to these models is that they have been 

developed and tested in the context of the United States or other developed countries, 

where cigarette smoking represents the vast majority of tobacco use among youth.  As a 
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result, these models are almost exclusively based on onset and progression of cigarette 

smoking as opposed to the more broad types of tobacco use in general.  It remains to be 

seen how well these models predict behavior in other populations where tobacco is 

consumed in many different forms. 

Globally, and in India, tobacco consumption is strongly associated with poverty, 

with those in lower socioeconomic classes using tobacco at higher rates.  Two large, 

cross-sectional studies of adults in India have demonstrated that tobacco consumption is 

highest among those most marginalized in this country.33, 87  To date, only a single 

published study has examined the social disparities in tobacco use among Indian youth.89  

Using school type as a proxy for SES (with government school attendance associated 

with low SES and private school attendance associated with higher SES), the study found 

that, after adjusting for city, gender, grade, and age, the prevalence rate for ever-use of 

any tobacco product was 18.9% for government school students compared with 12.2% 

for private school students.89  With higher tobacco use rates, those most marginalized in 

this country will bear the brunt of the numerous health hazards associated with tobacco 

use, which will ultimately translate to added economic burden for those who are already 

poor and disadvantaged. 

The overall goal of the current analysis is to examine the classes/stages of tobacco 

use acquisition among adolescents in India and to examine similarities and differences in 

the classes by SES.  Although the stages of smoking acquisition are relatively well-

developed in the West and have been validated in many studies, they have primarily been 

defined based on theoretical constructs rather than empirical analyses.  Moreover, no 

analyses in the West have examined differences in the acquisition process by SES.  As 
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mentioned previously, almost all of the research examining acquisition in the West has 

focused on cigarette smoking only.  The current analysis seeks to fill these two gaps by 

using an empirical technique to define smoking acquisition stages, namely latent class 

analysis, and to examine tobacco use acquisition more broadly in a population of Indian 

youth where cigarette smoking represents a small portion of total tobacco use. 

 

4.2 Methods 

4.2.1. Study Design 

 This analysis was conducted on survey data collected in years 2004 and 2006 

from adolescents in the control condition of project Mobilizing Youth for Tobacco 

Related Initiatives in India ( Project MYTRI).  Briefly, MYTRI is a group-randomized 

trial designed to prevent the onset and reduce the prevalence of tobacco use among youth 

in urban schools in Delhi and Chennai, India. In 2004, thirty-two schools in two major 

cities of India were recruited to participate in the trial and were randomly assigned to 

receive a tobacco prevention program or serve as a delayed program control.37,116  The 

study design includes two different types of schools –private and government-which can 

be used as a proxy for socioeconomic status in this setting.117  In India, students from 

higher SES backgrounds typically attend Private schools, while those from lower SES 

backgrounds attend Government schools.  The intervention was implemented with two 

cohorts of students over two consecutive years and data was collected using three 

repeated surveys of the cohorts (in 2004, 2005, and 2006).  Ethical clearances for the trial 

were obtained from the IEC in India (Independent Ethics Committee, Mumbai) and the 

IRB in Minnesota (Institutional Review Board, Minneapolis).  
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4.2.2. Study participants 

 In 2004, all 32 schools participated in the survey; in 2006, 2 schools did not 

participate.  An additional 3 schools did not allow 10th graders to participate in 2006. 

All students enrolled in the participating schools in the 6th and 8th grades in 2004, and in 

the 8th and 10th grades in 2006 were eligible and invited to participate in the survey. 

Response rates were 94.1% in 2004 and 84% in 2006.  Reasons for nonparticipation 

included parent refusals (which occurred in less than 1% of cases), student refusals (also 

less than 1%), and student absentees or school lack of participation (range = 4-16%).  

One of the 2 schools that did not participate in the survey was a control school.  Two of 

the 3 schools that did not allow 10th graders to participate in 2006 were control schools. 

Students who answered 4 or more survey questions inconsistently (e.g., reporting no 

history of tobacco use while also reporting tobacco use in the past month; less than 1% of 

the sample provided inconsistent responses) were eliminated to increase study validity 

and reliability. 

Only data from those youth assigned to the control condition were used for the 

current analyses.  This eliminates the need to control for the potential intervention effects 

and will ideally reflect a "natural" tobacco acquisition.  Also, the sample size in the 

control condition was sufficiently large.  Also, although project MYTRI included 3 

waves of data, only 2 waves (Times 1 and 3) were included in the current analyses.  This 

decision was made to reasonably limit the number of models while at the same time 

providing a second wave for replication. 

4.2.3. Survey implementation 
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A self-administered paper and pencil survey was implemented in all classrooms in 

these schools by two-person teams of trained staff using standardized protocols during a 

regularly-scheduled class time.  Prior to implementation, passive (but informed) parental 

consent and active student assent were required and obtained by staff.  To ensure 

confidentiality, teachers were not present during the survey implementation and no 

personal identification was attached to the survey; a unique identification number was 

used to track students over time. 

 

4.2.4. Measures 

 Four items were used to measure intentions to chew tobacco: “Do you think you 

will try chewing tobacco in the next month?”, “Do you think you will try chewing 

tobacco in the next year?”, “Do you think you will try chewing tobacco when you enter 

college?” and “Do you think you will try chewing tobacco when you are an adult?”  The 

response categories for all items were “Yes” or “No”. Using the responses to the four 

items, a composite variable was created to measure intentions to chew tobacco. Students 

who responded “Yes” to one or more of the questions were given a “2” on this variable 

(for “intending to use”), while all other students received a “1” (“not intending to use”).   

Four items were used to measure social susceptibility to chew tobacco: “If one of 

your close friends gave you chewing tobacco, would you chew it?”, “If a group of friends 

gave you chewing tobacco, would you chew it?”, “If one of your family members (like an 

uncle) gave you chewing tobacco, would you chew it?” and “If someone at a party (like a 

wedding) gave you chewing tobacco, would you chew it?” The response categories for all 

items were “Yes” or “No”. Using the responses to the four items, a composite variable 
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was created to measure intentions to chew tobacco.  Students who responded “Yes” to 

one or more of the questions were given a “2” on this variable (for “susceptible to use”), 

while all other students received a “1” (“not susceptible to use”).  Likewise, composite 

variables were created to measure intentions and social susceptibility to smoke bidis or 

cigarettes.  

Ever use of chewing tobacco was measured with one item: “How old were you 

when you first chewed tobacco in any form?”  Ever use of smoking bidis or cigarettes 

were measured with two items: “How old were you when you first put a lit bidi in your 

mouth?” and “How old were you when you first put a lit cigarette in your mouth?”  The 

response categories for all three items were “I have never used tobacco” or “I first used 

tobacco when I was [a particular age].  For analyses, the latter responses were collapsed 

and coded as either ever chewing tobacco or smoking bidis or cigarettes.  Responses to 

each of these items were: 1=”No” and 2= “Yes”. 

In all, these 6 items (susceptibility to chew, and smoke, intentions to chew, and 

smoke, ever chew, and ever smoke) were used as indicators in the latent class analysis. 

 

4.3 Analysis 

4.3.1. Latent Class Analysis 

Latent class analysis (LCA)118-121 was used to identify classes of tobacco 

acquisition.  LCA is a statistical technique that models the relationship between a set of 

manifest categorical variables or “indicators” and unobserved categorical latent variables 

or “classes”.121  This approach is particularly useful when the theoretical construct of 

interest consists of qualitatively different groups, but group membership is unknown.121  
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For the current proposal, 6 dichotomous indicators of tobacco uptake behavior from 3 

conceptual domains were used to define latent classes of tobacco acquisition. 

LCA uses the data to estimate the number of distinct classes in the population, the 

relative size of those classes, and the probability of a particular response to each item, 

given class membership.  The estimated proportion of a particular response pattern is 

expressed as a function of two types of parameters.  The first parameter is the latent class 

probabilities, typically referred to as the gamma parameter, γ.  It represents the proportion 

of the population that falls into each class.  Since latent classes are mutually exclusive 

and exhaustive, the gamma parameters sum to 1.  The second parameter is the conditional 

response probabilities, typically referred to as the rho parameter, ρ.  It represents the 

probability of a particular response to a manifest variable, conditional on latent class 

membership.  A strong relationship between the item and the latent construct is indicated 

by a probability near either 0 or1 and it also predicts how a person would respond to the 

item.  In contrast, a probability of .5 does not generally discriminate individuals in 

different classes, as it indicates that class membership is no better than chance at 

predicting a person’s response to the item.121 

 

4.3.2. LCA Mathematical Model.  

A statistical model is presented for a hypothetical class solution for tobacco 

acquisition.  Included are six indicators {i, j, k, l, m, n} of tobacco acquisition with 

response categories 1 and 2 for each of the indicators and c = 1, 2…c for the latent 

variable.  Let y = {i, j, k, l, m, n} represent a particular response pattern.  Given the 

binary response categories for the six indicators, there are 26 or 64 possible ways to 



 59

respond to the ten questions (i.e., 64 unique possible response patterns).  A response 

pattern of 1, 1, 1, 1, 1, 1 (a response of “no” to all six questions) is consistent with a non 

user without susceptibility or intentions to use tobacco class.  The probability of a 

particular response pattern with ten items can be written as: 

                  C 
P(Y = y) = ∑ γc ρi|c ρj|c ρk|c ρl|c ρm|c ρn|c                          (1) 

                 c=1 
 

where, γc  represents the probability of being in latent class c (e.g., probability of being in 

a certain tobacco acquisition class), ρi|c represents the probability of response i  to Item 

1, conditional on membership in latent class c (e.g., the probability of responding yes to 

the question, “Do you think that you will try chewing tobacco next year ?”, conditional 

on membership in class c), ρr|c represents the probability of response r to item 6, 

conditional on membership in class latent class c (e.g., the probability of responding yes 

to the question, “If one of your friends gave you chewing tobacco, would you chew it ?”, 

conditional on membership in class c).  In cases where a grouping variable is added to the 

model, the probability of a particular response pattern is the same as in equation (1), 

except that each of the parameters are conditional on group membership (e.g., gender). 

 There are two critical assumptions to any latent class model: (1) all 

individuals in a latent class have the same conditional response probabilities for the items 

(e.g., all individuals in the latent class associated with recent acquisition have the same 

probability of susceptibility to tobacco use under social influences), and (2) conditional 
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independence given latent class (i.e., within each latent class, the indicators are 

independent of one another).121 

 

4.3.3. Model selection.  

 Choosing the number of latent classes that best describes the observed data is a 

somewhat subjective process, although a structured set of guidelines are typically 

employed.  One approach is to compare the response pattern frequencies predicted by the 

model with the response pattern frequencies observed in the data; they should be 

comparable.  Another approach, technically only appropriate for nested models, is the 

likelihood ratio fit statistic, G2.  This statistic expresses the degree of agreement between 

these predicted and observed frequencies.121  Generally, the closer the fit statistic is to the 

degrees of freedom, the better the model fit.  The G2 is asymptotically distributed as a 

chi-square, with degrees of freedom equal to number of possible response patterns minus 

number of parameters estimated minus 1.  Another approach, with the advantage of being 

appropriate for “non-nested” models, is the use of information criteria.  The Akaike 

Information Criteria (AIC),104 and the Bayesian Information Criteria (BIC),105 are 

penalized log-likelihood test statistics and can be used to compare the relative fit of 

several models under consideration, with AIC and BIC values closer to zero indicative of 

better model fit.  For the current analysis where the models will be non-nested, AIC and 

BIC criteria, with examination of the response pattern, will be used to compare and 

choose models. 
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4.3.4. Parameter restrictions. 

 Parameter restrictions can be used to improve model fit by restricting (i.e., fixing 

and constraining) the number of parameters to be estimated.122 Parameter restrictions 

reduce the number of parameters being estimated and thus help in achieving an identified 

model. In addition to model parsimony, parameter restrictions can also serve as a tool to 

test various features of a model.122  For instance, parameter estimates can be feely 

estimated in one analysis, and constrained equal across groups (e.g., gender) in another, 

and the fit of the two models can be compared to determine whether the number or 

prevalence of two patterns is the same for girls as it is for boys.  

 

4.3.5. Present analysis. 

The analysis was conducted in three phases. First, the latent-class structure for 

both private and government schools, within each of the 2 times, was examined.  A series 

of unconditional LCA122 models were estimated at each time and the number of latent 

classes determined using model fit as the primary criteria. Assessment of model fit 

included 1 to 6 classes. In addition, presence of local maxima was explored. 

In phase two, LCA was conducted by specifying the exact number of latent 

classes found within-time for both school types.  The best-fitting model in Phase 1 was 

used in this phase.  This ‘baseline model’ (the best-fitting model) provides estimates of 

the prevalence of each of the tobacco acquisition classes. 

Finally, in phase three, potential predictors were added to the baseline model. 

Specifically, gender and class/grade were each added separately to the baseline model to 

predict class membership at time 1 and time 3 across these other grouping variables. 
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Gender and grade differences were empirically tested by subtracting the G2 fit 

statistic and degrees of freedom from a model with measurement invariance across 

groups and one without.  Additionally, differences in prevalence of classes were 

calculated and compared by calculating the differences between G2 of the constrained and 

unconstrained models and comparing these values to a χ
2 table with degrees of freedom 

equal to the difference in degrees of freedom of the two models.  Maximum likelihood 

was used to estimate all model parameters.  

All LCA analyses were conducted using PROC LCA (version 1.1.5 beta; 22, 23) 

in SAS for Windows (version 9.1; SAS Institute Inc., Cary, NC).  

 

4.4 Results 

Item endorsement percentages for the six indicators considered in this study are 

presented in Tables 4.1a and 4.1b.  Differences between government and private schools 

on the observed response frequencies of these items were statistically significant for 3 of 

the 6 items at time 1 and for 5 of the 6 items at time 3. 
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Table 4.1a Prevalence of students who endorsed “yes” to the six indicators of latent 
variable tobacco acquisition at time 1, stratified by school type 
 

Indicator Government (%) 
(n=2520) 

Private (%) 
(n=1330) 

Ever smoked 7.89 2.58* 
Ever chewed 7.76 6.93 
Intentions to smoke 4.78 5.71 
Intentions to chew 8.81 13.53* 
Susceptibility to smoke 4.03 3.72 
Susceptibility to chew 5.99 12..40* 
 * = Statistically significant at <0.01 level 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.1b Prevalence of students who endorsed “yes” to the six indicators of latent 
variable tobacco acquisition at time 3, stratified by school type 
 

Indicator Government (%) 
(n=2520) 

Private (%) 
(n=1330) 

Ever smoked 10.99     8.17* 
Ever chewed 11.73 11.78 
Intentions to smoke   5.04 11.23* 
Intentions to chew   6.17    9.93* 
Susceptibility to smoke   3.75   7.67* 
Susceptibility to chew   5.03 10.59* 
 * = Statistically significant at <0.01 level 
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In addition to an optimal balance of fit and parsimony, model interpretability was 

considered to determine the best latent-class solution for these data.  Based on these 

criteria, a three-class model was selected for private schools, and a four-class model was 

selected for government schools.  The number of latent classes was the same at both time 

points (i.e., three classes for private schools at both times and four classes for government 

schools at both times), but the meaning of these classes differed over time. Tables 4.2a - 

4.2d present a number of goodness-of-fit statistics for all estimated models. 

Tables 4.3a-4.3d present the item response probabilities and the overall 

probability of membership in each class, allowing for assessment of interpretability and 

reliability of the solutions.  Using the endorsement probabilities of the six indicators and 

previous research and theory as guides, labels were developed to describe each class.  For 

private schools, the largest class appeared to be identical at both time points.  This class 

included 84% of youth and was labeled “committed non user” at both time points.  The 

other two classes appeared to change over time. Specifically, at time 1, Class 2 (12%) 

was labeled “susceptible (chew only) non user”, and Class 3 (4%) was labeled “highly 

susceptible (chew and smoke) non user”.  At time 3, Class 2 (13%) was labeled 

“susceptible non user”, and “Class 3 (4%) was labeled “highly susceptible (chew and 

smoke) ever user”.  For government schools, at time 1, Class 1 and Class 2 were similar 

to those at time 1 for private schools (prevalence of 83%, and 8% respectively). Class 3 

(7%) was unusual and labeled as “non susceptible ever user ". An additional class (2%) 

was labeled “highly susceptible (chew and smoke) ever user ". Of the 4 classes, 3 were 
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the same at both time points. Class 2 (4%) was different and labeled “susceptible non 

user”.
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Table 4.2a Goodness-of-fit statistics for various latent class solutions, government    
schools at time 1 (n = 2520) 
 
                                                                                                     Model Fit Statistics 
Number of latent classes Degrees of 

freedom 
 

L 2 G2 AIC BIC 

1 57 -3540.71 1583.3 1595.25 1630.24 
2 50 -2912.28 326.39   352.39   428.21 
3 43 -2843.90 189.63   229.63   346.27 
4 36 -2786.63   75.08   129.08   286.55 
5 29 -2781.46   64.76   132.76   331.65 
6 Model did not converge 

 

      
 
 
 
     
 
 
 
      Table 4.2b Goodness-of-fit statistics for various latent class solutions, government 

schools at time 3 (n = 2520) 
 

                                                                                                     Model Fit Statistics 
Number of latent classes Degrees of 

freedom 
 

L 2 G2 AIC BIC 

1 57 -3642.19 1908.28 1920.28 1955.27 
2 50 -2925.87 475.63   501.63   577.45 
3 43 -2770.60 165.10   205.10   321.74 
4 36 2730.09   84.07   138.07   295.54 
5 29 -2728.35   80.59   148.59   346.88 
6 Model did not converge 
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Table 4.2c Goodness-of-fit statistics for various latent class solutions, private schools 
at time 1 (n = 1330) 
 
                                                                                                     Model Fit Statistics 
Number of latent classes Degrees of 

freedom 
 

L 2 G2 AIC BIC 

1 57 -2000.10 975.53 987.53 1018.69 
2 50 -1572.80 120.94 146.94   214.45 
3 43 -1552.72   80.78 120.78   224.64 
4 36 -1542.76   60.85 114.85   225.06 
5 29 -1531.32   37.98 105.98   282.54 
6 22 -1535.07                            47.47 127.47   340.38 

 
 

 

             
 
            
 
 
           Table 4.2d Goodness-of-fit statistics for various latent class solutions, private schools 

at     time 3 (n = 1330) 
 

                                                                                                     Model Fit Statistics 
Number of latent classes Degrees of 

freedom 
 

L 2 G2 AIC BIC 

1 57 -2511.23 1474.20 1486.20 1517.35 
2 50 -1880.12 211.98   237.98   305.49 
3 43 -1830.92 113.58   153.58   257.44 
4 36 -1819.98   91.70   145.70   285.91 
5 29 -1818.13   88.01   156.01   332.57 
6 Model did not converge 
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Table 4.3a Item response probabilities for Three-Class Model: Probability endorsing 
item given latent class, private schools at time 1 (n=1330) 
 

                                                                             Latent class 
 
Item 

Committed 
non user(84%) 

Susceptible  
(chew only) 

non user (12%) 

Highly susceptible 
(chew & smoke)  
non user (4%) 

 
Ever smoke 0.007 0.113 0.194 
Ever chew 0.024 0.344 0.240 
Intentions smoke 0.012 0.211 0.601 
Intentions  chew 0.013 0.869 0.604 
Susceptibility smoke 0.001 0.000 1.000 
Susceptibility chew 0.016 0.683 0.789 
    

 
 
 
 
 
 
 
 
 
Table 4.3b Item response probabilities for Three-Class Model: Probability endorsing 
item given latent class, private schools at time 3 (n=1330) 
 

                                                                             Latent class 
 
Item 

Committed 
non user(83%) 

Susceptible 
non user (13%) 

Highly susceptible  
(chew & smoke)  
ever user (4%) 

 
Ever smoke 0.025 0.232 0.822 
Ever chew 0.067 0.265 0.713 
Intentions smoke 0.012 0.485 1.000 
Intentions  chew 0.006 0.452 0.894 
Susceptibility smoke 0.000 0.284 1.000 
Susceptibility chew 0.010 0.455 0.970 
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Table 4.3c Item response probabilities for Four-Class Model: Probability endorsing 
item given latent class, government schools at time 1 (n=2520) 
 

 Latent class    
Item  

Committed 
non 
user(83%) 

 
Susceptible 
(chew only) 
non user 
(8%) 

Not 
susceptible 
ever user 

(7%) 

Highly 
susceptible 

(chew & smoke)  
 ever user (2%) 
 

Ever smoke 0.013 0.090 0.629 1.000 
Ever chew 0.017 0.076 0.657 0.753 
Intentions smoke 0.002 0.322 0.045 0.883 
Intentions  chew 0.022 0.481 0.227 0.858 
Susceptibility smoke 0.013 0.245 0.024 0.883 
Susceptibility chew 0.006 0.442 0.066 0.755 
 
 

 
 
 
 

 
 
Table 4.3d Item response probabilities for Four-Class Model: Probability endorsing 
item given latent class, government schools at time 3 (n=2520) 
 

 Latent class    
Item Committed 

non 
user(85%) 

 
Susceptible 
non user 
(4%) 

Not 
susceptible 
ever user 

(9%) 
 

Highly 
susceptible 

(chew & smoke)  
 ever user (2%) 
 

Ever smoke 0.028 0.036 0.704 0.994 
Ever chew 0.023 0.183 0.821 0.900 
Intentions smoke 0.008 0.573 0.023 0.799 
Intentions  chew 0.010 0.666 0.081 0.849 
Susceptibility smoke 0.003 0.377 0.004 0.814 
Susceptibility chew 0.006 0.510 0.068 0.787 
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Committed non user was far and away the most prevalent class and its members 

were very likely to report zero to all the indicator variables.  Susceptible non users (chew 

only) were likely to report zero to ever use with evidence of being susceptible or 

intending to chew tobacco only.  As the name suggests, highly susceptible (chew and 

smoke) non users were very likely to endorse all but ever use indicators.  In case of 

susceptible non users, the probability for each item was low or provided little evidence 

beyond chance that these items (susceptibility and intentions) were good predictors of 

class membership.  Users with no susceptibility or intentions to use tobacco were highly 

likely to endorse tobacco use (both chew and smoke) and very unlikely to report 

intentions and susceptibility to chew or smoke.  Users with high susceptibility or 

intentions to use tobacco had a very high probability of endorsing all six items. 

The prevalence of each class stratified by gender and grade at time 1 and time 3 

for both private and government schools was examined.  Parameter constraints were 

applied to these models to determine whether measurement invariance existed across 

gender and grade/class (e.g., whether or not the strength of the rho parameters were equal 

for boys and girls in private schools and government schools).  Of the eight models tested 

for measurement invariance by comparing the G2 fit statistic between a model with 

measurement equivalence and one without, there was evidence of measurement variance 

for three models: gender at time 3 for government schools (G2=44.44, df=24, p<.007), 

gender at time 3 for private schools (G2=60.57, df=24, p<0.00), and grade at time 3 for 

private schools (G2=35.66, df=18, p<.007).  Therefore, meaningful comparisons of latent 

class probabilities cannot be made across gender and grade. 



 71

The G2 – difference test was employed to test for differences in prevalence of 

tobacco acquisition classes, by gender and grade.  Statistical differences were found for 

four models: gender at time 1 for private schools (G2=44.82, df=2, p<0.00), gender at 

time 1 for government schools (G2=112.2, df=3, p<0.00), grade at time 1 for private 

schools (G2=39.61, df=32 p<0.00), and grade at time 1 for government schools 

(G2=69.46, df=3, p<0.00).  Likewise, differences in prevalence rates were found for the 

remainder of the models: gender at time 3 for private schools (G2=42.44, df=2, p<0.00), 

gender at time 3 for government schools (G2=186.04, df=3, p<0.00), grade at time 3 for 

private schools (G2=17.56, df=2 p<0.001), grade at time 3 for government schools 

(G2=46.7, df=3, p<0.00).  Caution should be exercised in interpreting results from models 

with evidence of measurement variance.  The statistical differences in prevalence of 

acquisition classes for relevant models could be due to measurement error. 

 

4.5 Discussion 

 The goal of the current study was to empirically examine stages of tobacco 

acquisition among adolescents using latent class modeling.  Additionally, investigate 

potential heterogeneity in tobacco use stages by SES.  Results from the LCA analyses 

revealed differences in tobacco use classes between students attending private and 

government schools.  Whereas three distinct tobacco acquisition classes were seen among 

private school attendees, government school attendees were best grouped into four 

tobacco acquisition classes.  These classes were defined by differences in susceptibility, 

intentions, and lifetime tobacco use by the participants.  Committed non users had strong 

intentions not to use tobacco in the future together with the ability to refuse tobacco 
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offered by family or a friend.  Participants in susceptible non user, susceptible ever user, 

and highly susceptible ever user classes varied on their tobacco use and also on the 

degree of susceptibility or intentions to use tobacco.  They also varied in regards to the 

types of tobacco used.  Not susceptible ever users had used tobacco in the past but were 

not vulnerable to tobacco use.  The literature suggests that this cognitive shift in 

susceptibility or intentions may be early markers of eventual behavior change for most 

adolescents.49,123  Therefore, participants in stages other than committed non user were 

most likely to continue the tobacco uptake process.  Based on this profile, committed non 

users can be equated with precontemplators.43  Consistent with what is seen with the 

precontemplating group, the committed nonusers included the vast majority of the 

adolescent population, with approximately 84% of the total sample in this stage at both 

times across schools.  Similarly, committed non users and susceptible non users could 

potentially correspond to Prokohorov’s model of non susceptible and susceptible 

precontemplators, respectively.51 

The acquisition stage algorithm identified in this population does not necessarily 

correspond with those reported in the US adolescent population.  While there are 

similarities, there are also a number of differences.  Unlike the transtheoretical model 

staging algorithm, we did not find acquisition stages comparable to contemplation, 

preparation, and recent action stages.  Our subject pool was quite young with a very low 

prevalence of tobacco use and therefore stages of acquisition beyond precontemplation 

might not be very well defined, due to small sample sizes.  Future validation studies 

should perhaps include older youth.  
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Another unanticipated finding was lack of a not susceptible class among private 

school students.  One possible explanation for this finding could be that these students 

with a higher SES may have an accelerated developmental trajectory.  This acceleration 

would translate to a greater percent of private school students transitioning to a more 

advanced stage in the tobacco acquisition continuum that would ultimately result in 

addiction to tobacco.  Perhaps the government school students' attitudes and beliefs 

around tobacco offered some protection against transitioning at a faster pace.  A rather 

surprising finding was susceptibility to tobacco among nonusers than ever users in the 

susceptible non user class relative to not susceptible ever user class. Pierce and 

colleagues found a similar pattern, but little explanation has been offered.124  Overall, 

there were considerably higher percent of ever users among government schools than 

private schools at both time points.  

Although, we did not find distinct classes of smokers and chewers, there were 

considerable differences in endorsement of items measuring smoking and smokeless 

tobacco.  Participants in the susceptible non user class differed on their endorsement 

probabilities but they were more susceptible to chewing tobacco and had higher 

intentions to chew tobacco relative to smoking it.  In the highly susceptible class, the 

endorsement probabilities for all six chewing and smoking items was very high with the 

exception being the highly susceptible non user class for private schools at time 1.  In this 

class participants had not used either kind of tobacco but were very susceptible and had 

strong intentions of using tobacco in the future.  This analysis provides evidence of the 

different classes/stages involved in the process of tobacco acquisition.  Specifically, 

results indicate that private schools were best represented by a 3-class latent solution and 
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government schools by a 4-class latent solution.  Although the number of classes did not 

differ at the two time points, the interpretation of these classes did differ over time.  One 

important implication of these differences seen between government and private school 

students is the potential for tailoring programs.  While it may be most feasible to use the 

same overall program for preventing or curtailing tobacco use, specific components of 

the program could be tailored to meet the slightly different populations in government 

and private schools.  The positive move toward becoming a tobacco user appears to be 

the development of high risk cognitions to tobacco use.  Additionally, these findings 

provide evidence in support of other studies in the US that have identified the salience of 

high risk cognitions and their role in development of tobacco acquisition behavior. 47,49,123  

Therefore, interventions designed to reduce intentions and susceptibility should be 

encouraged. Acquisition classes/stages can be used to pinpoint the most effective time to 

introduce prevention efforts.  Most importantly, these classes can be used to identify 

adolescents at risk for tobacco use especially in the developing countries like India, 

where limited resources dictate a need for optimally efficient programs.  For example, 

focus on susceptible non users for primary prevention and on susceptible users to halt 

acceleration of tobacco use.  These prevention efforts might be effective in reducing the 

number of adolescents who become adult tobacco users.  

The current study is not without limitations.  First, the data used to define the 

acquisition classes are self-report and may have reliability, validity and/or reporting bias 

concerns.  If so, model estimates could be biased. It should be noted, however, that 

studies have found fairly high validity of self-report measures of smoking behavior.113  

Second, there are some limits to the generalizability of these findings.  Our participants 
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were urban adolescents from two metro cities in India. Tobacco acquisition might have 

different dynamics in an urban setting.  To test the generalizibility of the current findings, 

the study should be replicated in rural setting, in different geographical regions.  The 

findings should not be generalized beyond populations that are similar to our study 

population.  

 The current study has considerable strengths.  It uses an integrated measure of 

susceptibility and intentions to derive distinct classes of tobacco acquisition among youth 

and expands understanding of tobacco acquisition.  To date, no studies have been 

conducted to empirically derive stages of tobacco acquisition among Indian youth. 

Finally, this study focuses on latent class representation of development of adolescent 

tobacco acquisition in a large group-randomized intervention trial in urban India.  Future 

studies should examine the patterns of acquisition across smoking and smokeless 

tobacco, separately.  Also, examine risk factors associated with cognitive shift in 

susceptibility and intentions to use tobacco. 
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CHAPTER V 

 

Manuscript 3: Change in tobacco use over time in urban Indian youth: The 

moderating role of socioeconomic status 

Socioeconomic differences in tobacco use in adolescents can be viewed as a 

prelude to socioeconomic differences in health hazards associated with tobacco use in 

adulthood. Understanding the social class gradient in tobacco use and related 

psychosocial factors of influence is extremely important in halting the tobacco epidemic 

in India.  This study investigates socioeconomic differences in patterns and trends of 

tobacco consumption over time.  Additionally, the profile of tobacco use was explored 

across high risk cognitions (i.e., intentions and susceptibility) and their predictive power 

was assessed. Finally, the relation between certain psychosocial risk factors and future 

tobacco use, and distribution of these factors across social class, was examined.  The data 

were derived from a longitudinal study of adolescents, Project MYTRI.  Students in eight 

private (high socioeconomic status (SES)) (n=2881) and eight government (low-mid 

SES) (n=5476) schools in the control condition of a large scale intervention trial (Project 

MYTRI) in two large cities in India were surveyed annually about their tobacco use and 

related psychosocial risk factors from 2004 to 2006.  Results suggest the relationship 

between SES and tobacco use over time is not consistent.  At baseline (in 2004), low SES 

was associated with higher prevalence of tobacco use but the relation between SES and 

tobacco use reversed two years later (2006).  These findings were mirrored in the 

distribution of related psychosocial risk factors.  Low risk cognitions conferred 
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statistically significant protective effect on tobacco use over time.  Intentions and 

susceptibility separately predicted future tobacco use irrespective of baseline use in 

government schools only.  Intentions to chew tobacco and advocacy skills efficacy were 

strong predictors of future tobacco use among government school students.  Among 

private school students, knowledge about health effects was the sole predictor of future 

tobacco use.  The inconsistent findings about the relationship between SES and tobacco 

use suggest a potential change over time in the association of SES and tobacco use.  The 

implications of these analyses along with the utility of designing appropriate tobacco 

prevention programs for adolescents in India are discussed.   
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5.1 Introduction 

Tobacco use appears to be rising in India, as it undergoes tremendous economic 

and epidemiologic transitions.25  It is predicted that by 2020, tobacco will account for 

13% of all deaths in India.125  Many of these deaths will occur in the productive years of 

adult life as a consequence of addictions acquired in youth, when long term hazards are 

not particularly salient.  Also, adolescence is a time when many health behaviors are 

becoming established as a consequence of marked social and biological changes an 

adolescent undergoes. Socioeconomic differences in health behaviors in youth are one of 

the antecedents of socioeconomic differentials in adult health. 

Globally, adult tobacco consumption is strongly associated with poverty, with 

those in lower socioeconomic classes using tobacco at higher rates.  Although most 

studies of youth tobacco use in the US conform to adult patterns of socioeconomic 

differentials in smoking, the associations are not as robust as those in adults.  A recent 

literature review by Hanson and colleagues found support for an inverse association 

between SES and smoking among adolescents (i.e., lower SES adolescents smoked more 

than higher SES adolescents.70  The authors reported a more consistent relationship 

between SES and smoking among younger (vs. older) adolescents. Only a handful of 

studies reported a null association, and fewer studies found evidence for a positive 

association between SES and youth smoking.  Several large, cross-sectional studies of 

adults in India have demonstrated that tobacco consumption is highest among the poor in 

this country.27, 33, 87,126 
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In contrast to this, large literature examining SES and youth smoking in Western 

countries, only a single published study has examined the social disparities in tobacco use 

among Indian youth.89  Using school type as a proxy for SES (with government school 

attendance associated with low SES and private school attendance associated with higher 

SES), the study found government school students to be 1.5 times more likely to engage 

in current use of any tobacco compared to private school students.  Government school 

students scored lower than private school students on most psychosocial risk factors for 

tobacco use studied in this population, indicating higher risk.  The current study is an 

extension of this original one and investigates this relationship longitudinally, following 

students from the 6th and 8th grades to the 8th and 10th grades, respectively.  Patterns and 

trends in tobacco use among young people are important to document as these findings 

would help inform the development of appropriate preventive intervention programs for 

youth. 

A large body of literature on studies conducted in the West suggests that 

intentions and susceptibility predict future smoking among adolescents, irrespective of 

their previous smoking experience.  In a study by Sussman and colleagues, only two 

smoking-related cognitions (intentions to smoke in the future and the efficacy expectation 

to refuse a cigarette) significantly predicted future smoking.127 Several studies have found 

that intention to smoke in the future increases the likelihood of future smoking and a firm 

intention not to smoke confers protection against future smoking.128-130  Recent studies 

demonstrated that, relative to low-risk cognitions, high-risk cognitions significantly 

increased the likelihood of future smoking.49,123  A combination of measures of smoking 

experience, intentions and self-efficacy were used to categorize individuals with low/high 
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risk cognitions by Choi et al. as opposed to a single measure of firm intentions not to 

smoke in the future, used by most of the studies examining this relationship.  Non 

smokers with strongest intentions to not smoke in future and not being susceptible to an 

offer of a cigarette were defined as having low-risk cognitions.49 

Susceptibility has been defined as failure to exhibit a determined decision not to 

smoke both in the next year and if offered a cigarette by a friend.  Susceptibility to 

smoking is a cognitive shift that occurs prior to actual experimentation with cigarettes. 

This theoretical model was proposed by Pierce and colleagues and has been tested 

empirically.47  They found susceptibility to be a very strong predictor of later smoking 

behavior among non smoker adolescents.  Approximately 17% of susceptible non 

smokers became established smokers, as opposed to only 7% of non susceptible non 

smokers.  The number of participants who experimented with smoking was almost twice 

that of non susceptible non smokers.  This measure has been validated in longitudinal 

studies and susceptibility was identified as a potent predictor of future smoking among 

adolescents in other studies as well.131,132 

The primary goal of this study was to examine the relationship between SES and 

tobacco use longitudinally, including intentions and susceptibility, regarding future 

tobacco use among Indian urban youth.  

 

5.2 Methods 

5.2.1. Study Design 

 This analysis was conducted on survey data collected between years 2004 and 

2006 from adolescents in the control condition of Project Mobilizing Youth for Tobacco 
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Related Initiatives in India (MYTRI).  Briefly, MYTRI is a group-randomized trial 

designed to prevent the onset and reduce the prevalence of tobacco among youth in urban 

schools in Delhi and Chennai, India.  In 2004, thirty-two schools in two major cities of 

India were recruited to participate in the trial and were randomly assigned to receive a 

tobacco prevention program or serve as a delayed program control. Socioeconomic status 

was measured using school type, a variable often applied as a proxy indicator in this 

setting.117  In India, students from higher SES backgrounds typically attend Private 

schools, while those from lower SES backgrounds attend Government schools.  The 

intervention was implemented with two cohorts of students over two consecutive years 

and data was collected using three repeated surveys of the cohorts (in 2004, 2005, and 

2006).  Ethical clearances for the trial were obtained from the IEC in India (Independent 

Ethics Committee, Mumbai) and the IRB in Minnesota (Institutional Review Board, 

Minneapolis).  

 

5.2.2. Study participants 

 In 2004, all 32 schools participated in the survey; in 2005 and 2006, 2 schools did 

not participate.  An additional 3 schools did not allow 10th graders to participate in 2006. 

Of the 6368 who began the study in 2004, 1631 (25.6%) dropped out in 2005 and an 

additional 887 (13.9%) dropped out in 2006. Of the 1641, who began the study in 2005, 

471(28.7%) dropped out in 2006.  All students enrolled in the participating schools in the 

6th and 8th grades in 2004, in the 7th and 9th grades in 2005 and in the 8th and 10th 

grades in 2006 were eligible and invited to participate in the survey.  Reasons for 

nonparticipation included parent refusals (which occurred in less than 1% of cases), 
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student refusals (also less than 1%), and student absentees or school lack of participation 

(range = 4-16%).  One of the 2 schools that did not participate in the survey was a control 

school.  Two of the 3 schools that did not allow 10th graders to participate in 2006 were 

control schools.  Students who answered 4 or more survey questions inconsistently (e.g., 

reporting no history of tobacco use while also reporting tobacco use in the past month; 

less than 1% of the sample provided inconsistent responses) were eliminated to increase 

study validity and reliability.  The final analysis sample includes 8442 participants and 

37% of these attended private (vs. government) schools.  Anyone who completed one or 

more of the study surveys was included in the analysis.  

Only data from those youth assigned to the control condition were used for the 

current analyses.  This eliminates the need to control for the potential intervention effects 

and will ideally reflect a "natural" growth of tobacco use over time.  Also, the sample size 

in the control condition was sufficiently large. 

 

5.2.3. Survey implementation 

A self-administered paper and pencil survey was implemented in all classrooms in 

these schools by two-person teams of trained staff using standardized protocols during a 

regularly-scheduled class time.  Prior to implementation, passive (but informed) parental 

consent and active student assent were required and obtained by staff.  To ensure 

confidentiality, teachers were not present during the survey implementation and no 

personal identification was attached to the survey.  A unique identification number was 

used to link student surveys over time. 
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5.2.4. Measures 

Tobacco use. The main outcome measure in this study was current use of tobacco. Three 

items were used to measure this outcome: “During the last 30 days, did you chew tobacco 

in any form?”, “During the last 30 days, did you smoke one or more bidis?” and “During 

the last 30 days, did you smoke one or more cigarettes?”  The response categories for all 

items were “yes” or “no”.  Using the response to the three items, a composite variable to 

measure current use of any tobacco was created.  Students who responded yes to one or 

more of the questions were given a 1 on this variable (for “use”); all other students 

received a 0 (for “no use”). 

Psychosocial risk factors. Multiple-item, summative scales were created to measure 19 

psychosocial risk factors hypothesized to be related to tobacco use among youth in India. 

These included the following measures: knowledge about health effects of tobacco use; 

beliefs about social consequences; reasons to use tobacco; reasons not to use tobacco; 

refusal skills self-efficacy; social susceptibility (chewing); social susceptibility 

(smoking); normative beliefs; perceived prevalence (chewing); perceived prevalence 

(smoking); intentions (chewing); intentions (smoking); normative expectations of use; 

knowledge about tobacco control policies; support for these policies; advocacy skills self-

efficacy; and exposure and receptivity  to advertising.  All scales had adequate 

psychometric properties (e.g., Chronbach’s α ranged from 0.64 to 0.98).133  Scale scores 

were standardized before being used in the analyses (i.e., the mean of each scale was set 

to zero and its standard deviation to 1), to ease interpretation of parameter estimates and 

allow for comparison between scales.  A higher score on all scales indicate less risk.  
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 A number of items were used to measure two tobacco-related cognitions. First, 

four items were used to measure intentions to chew tobacco: “Do you think you will try 

chewing tobacco in the next month?”, “Do you think you will try chewing tobacco in the 

next year?”, “Do you think you will try chewing tobacco when you enter college?” and 

“Do you think you will try chewing tobacco when you are an adult?”  The response 

categories for all items were “Yes” or “No”.  Using the responses to the four items, a 

composite variable was created to measure intentions to chew tobacco.  Students who 

responded “Yes” to one or more of the questions were given a “1” on this variable (for 

“intending to use”), while all other students received a “0” (“not intending to use”).  

Second, four items were used to measure social susceptibility to chew tobacco: “If one of 

your close friends gave you chewing tobacco, would you chew it?”, “If a group of friends 

gave you chewing tobacco, would you chew it?”, “If one of your family members (like an 

uncle) gave you chewing tobacco, would you chew it?” and “If someone at a party (like a 

wedding) gave you chewing tobacco, would you chew it?” The response categories for all 

items were “Yes” or “No”.  Using the responses to the four items, a composite variable 

was created to measure intentions to chew tobacco. Students who responded “Yes” to one 

or more of the questions were given a “1” on this variable (for “susceptible to use”), 

while all other students received a “0” (“not susceptible to use”).  Finally, parallel items 

were used to measure intentions and social susceptibility to smoke bidis or cigarettes. 

For the purposes of current analysis, a single intentions and a single susceptibility 

measure was created.  Students who responded yes to one or more of the composite 

intentions items (i.e., intentions to chew, smoke bidi, or smoke cigarettes) were given a 1 

on this variable (for “having intentions”); all other students received a 0 (for “not having 
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intentions”).  Similarly, a single composite measure of susceptibility was created from the 

chew, bidi, and cigarette susceptibility items. 

 

5.3 Analysis 

5.3.1. Mixed-effects regression 

 Differences in tobacco use over time between private and government school 

were examined using covariance pattern modeling, estimated by mixed-effects 

regression.134  These models are appropriate to study change in behavior over time 

(repeated measures) while also accounting for nested study designs. These models were 

first used to examine differences in change in prevalence of current tobacco use over time 

between school types.  Likewise, pattern of response was examined by susceptibility and 

intentions status.  Regression analysis was employed to determine the extent to which 

baseline intention was related to the outcome variable (i.e., tobacco use at T3 after 

adjusting for its use at T1).  Similar analysis was employed to test the predictive power of 

susceptibility at T1 for tobacco use at T3. 

Next, the models were used to examine the relationships between psychosocial 

risk factors and current use of any tobacco, by school type at wave 3 after adjusting for 

baseline tobacco use.  A single regression model (“Model 1”) was used to examine the 

relationship between a single psychosocial factor and tobacco use.  Then, backwards 

stepwise regression was used to build a multiple regression model (“Model 2”) to 

evaluate which factors were most strongly related to tobacco use.  All psychosocial 

factors were entered into this regression model to begin, and then factors not significantly 

related to tobacco use in the model (> .05) were eliminated, until only significant factors 
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remained.  Finally, mixed-effects models were used to investigate differences in 

psychosocial risk factors by school type at waves 1 and 3.  All regression models were 

adjusted for grade, gender, and age.  All analyses were conducted in SAS for Windows 

(version 9.1; SAS Institute Inc., Cary, NC).  

 

5.4 Results 

Prevalence rates for current use of any tobacco for all 3 time points and by school 

type are presented in Table 5.1  There was a significant between-school difference in 

prevalence of current use of any tobacco at baseline (p <.05, with higher prevalence rate 

for government school students (4.99%) compared to private school students (3.47%).  At 

T2, the prevalence rates were equivalent among private and government school students. 

By the third time point, the prevalence of tobacco use among government school students 

had decreased to the point that it was lower than the private school students (2.66% vs. 

3.89%, respectively), although this difference was not statistically significant. Figure 5.1 

graphically depicts the change in prevalence of current use of tobacco over time by 

school type.  The overall trend of tobacco use was significantly different between private 

and government schools (p <.05).  The pattern of results was replicated for chewing 

tobacco, bidi smoking, and cigarette smoking in additional analysis conducted by 

different types of tobacco used in this setting (results not shown). 
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Table 5.1 Mobilizing Youth for Tobacco-Related Initiatives in India  
Prevalence of current tobacco use by school type (SES) (n=8442)1 

 
 

Current use of tobacco 
Government 

(n=5476) 
Private 

(n=2881) 
  

Rate 
 Percentage Percentage Ratio2 difference3 
     

Time 1 (2004) 4.99(± 0.78) 3.47(± 0.98) 1.43 1.52 (± 1.37)* 
Time 2 (2005) 2.70(± 0.78) 2.72(± 0.98) 0.99  -0.02 (± 1.18) 
Time 3 (2006) 2.66 (± 0.78) 3.89(± 0.98) 0.68  -1.23 (± 1.37) 

     
1 Estimates are generated from mixed-effects models that are adjusted for class/grade, gender, & age at 
baseline. 
2 Ratio represents the current prevalence ratio between students in government and private                                            

schools.  
   3 Rate represents the current prevalence difference between students in government and private schools. 

* = Statistically significant at <0.05 level 
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Figure 5.1 Patterns of current use of any tobacco across private and government 

schools 
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The prevalence of tobacco was significantly higher for students who had 

intentions to use tobacco vs. those who had intentions not to use tobacco in the future, in 

both school types and at all 3 time points. Tables 5.2a and 5.2b depict the prevalence of 

tobacco use for government school and private school students, respectively.  

Government school students with intentions were between 12 and 15 times more likely to 

use tobacco compared to those without intentions.  Similarly, for private school students 

the likelihood for tobacco use ranged from 11 to 32 among those who had intentions to 

use tobacco relative to those without intentions to use tobacco.  Similarly, the prevalence 

of tobacco use was significantly higher for students who were susceptible to tobacco use 

compared to non susceptible students (Tables 5.3a and 5.3b), with risk ratios ranging 

from 13-16 for government school students and from 16 to 39 for private school students. 
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Table 5.2a Mobilizing Youth for Tobacco-Related Initiatives in India  
Prevalence of current tobacco use by intentions to use tobacco, government schools 
(n=5476)1 

 

 
Current use of tobacco 

Intentions 
Percentage 

No intentions 
Percentage 

 
Ratio2 

Rate 
difference3 

     
Time 1 (2004) 24.8 (± 1.96)   2.0  (± 0.78) 12.5 22.8 (± 1.57)* 
Time 2 (2005) 16.7 (± 1.96)   1.2  (± 0.98) 14.6 15.6 (± 1.96)* 
Time 3 (2006) 16.4 (± 1.96)  1.2  (± 0.98) 13.2 15.1 (± 3.92)* 

     
1 Estimates are generated from mixed-effects models that are adjusted for class/grade, gender, & age at 
baseline.. 
2 Ratio represents the current prevalence ratio between students intending to and not intending to use tobacco 

in the future. 
   3 Rate represents the current prevalence difference between students intending to and not intending to use 

tobacco in future. 
  * = Statistically significant at <0.001 level 

 
 
 
 
 
 
 

  Table 5.2b Mobilizing Youth for Tobacco-Related Initiatives in India  
Prevalence of current tobacco use by intentions to use tobacco, private schools 
(n=2881)1 

 
 

Current use of tobacco 
Intentions 
Percentage 

No intentions 
Percentage 

 
Ratio2 

Rate 
difference3 

     
Time 1 (2004) 14.3 (± 1.76) 1.3 (± 0.98) 11 13    (± 1.76)* 
Time 2 (2005) 13.2 (± 1.96) 0.8 (± 0.98) 16 12.3 (± 1.96)* 
Time 3 (2006) 21.1 (± 1.96) 0.7 (± 1.18) 32.4 20.4 (± 1.96)* 

     
1 Estimates are generated from mixed-effects models that are adjusted for class/grade, gender, & age at 
baseline.. 
2 Ratio represents the current prevalence ratio between students intending to and not intending to use tobacco 

in the future. 
   3 Rate represents the current prevalence difference between students intending to and not intending to use 

tobacco in the future. 
  * = Statistically significant at <0.001 level 
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Table 5.3a Mobilizing Youth for Tobacco-Related Initiatives in India  
Prevalence of current tobacco use by susceptibility to use tobacco, government 
schools (n=5476)1 

 
 

Current use of tobacco 
Susceptible 
Percentage 

Not susceptible 
Percentage 

 
Ratio2 

Rate 
difference3 

        
Time 1 (2004) 30.1 (± 1.96)     2.3  (± 0.78) 12.9 27.8 (± 1.96)* 
Time 2 (2005) 21.6 (± 1.96) 1.3  (± 0.78) 16.5 20.3 (± 1.96)* 
Time 3 (2006) 20.1 (± 1.96) 1.3  (± 0.78) 15.3 18.8 (± 1.96)* 

     
1 Estimates are generated from mixed-effects models that are adjusted for class/grade, gender, & age at 
baseline.. 

   2 Ratio represents the current prevalence ratio between students susceptible and not susceptible to     tobacco 
use. 
3 Rate represents the current prevalence difference between students susceptible and not susceptible to 

tobacco use 
  * = Statistically significant at <0.001 level 

 
 

 

Table 5.3b Mobilizing Youth for Tobacco-Related Initiatives in India  
Prevalence of current tobacco use by susceptibility to use tobacco, private schools 
(n=2881)1 

 
 

Current use of tobacco 
Susceptible 
Percentage 

Not susceptible 
Percentage 

 
Ratio2 

Rate 
difference3 

     
Time 1 (2004) 14.8 (±1.96) 1.5 (± 0.98) 16.1 13.2(± 1.98)* 
Time 2 (2005) 17.3 (± 1.96) 0.9 (± 0.78) 18.8 16.4(± 1.98)* 
Time 3 (2006) 24.8 (± 1.96) 0.6 (± 0.98 39.3 24.1(± 1.98)* 

     
1 Estimates are generated from mixed-effects models that are adjusted for class/grade, gender, & age at 
baseline.. 

      2 Ratio represents the current prevalence ratio between students susceptible and not susceptible to tobacco 
use. 

 3 Rate represents the current prevalence difference between students susceptible and not susceptible to 
tobacco use. 

  * = Statistically significant at <0.001 level
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In government schools, both intentions and susceptibility significantly increased 

the probability of future current use of any tobacco over and above the current use of 

tobacco at baseline (Tables 5.4a and 5.4b).  The 2-year probability of future tobacco use 

was 3.5 times higher among students with intentions to use tobacco than those with 

intentions not to use tobacco (p<0.05). Similarly, the relative risk of future use was 3.4 

among susceptible vs. non susceptible (p<0.05).  In contrast, among private schools 

students these were not significant, with risk ratios for intentions and susceptibility of 1.1 

and 1.3, respectively (p>0.05). 
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Table 5.4a Mobilizing Youth for Tobacco-Related Initiatives in India  

Intentions at baseline as a predictor of tobacco use at T3 (n=8442)1 

    
 

Intentions to use tobacco 
Government 
Percentage 

Private 
Percentage 

 
Ratio2 

    
Yes 5.9 (±1.18) 3.0 (± 5.88) 3.5* 
No 1.7 (± 1.96) 2.8 (± 3.92)        1.1 

    
1 Estimates are generated from mixed-effects models that are adjusted for baseline tobacco use, class/grade, 
gender, & age at baseline.. 
 2 Ratio represents the current prevalence ratio between students intending to and not intending to use tobacco 

in the future. 
  * = Statistically significant at <0.05 level 
 
 
 

 
 
 
Table 5.4b Mobilizing Youth for Tobacco-Related Initiatives in India  
Susceptibility at baseline as a predictor of tobacco use at T3 (n=8442)1 

    
 

Susceptible to tobacco use 
Government 
Percentage 

Private 
Percentage 

 
Ratio2 

    
Yes 5.8 (±1.96) 3.5 (± 5.88) 3.4* 
No 1.7 (± 1.18) 2.8 (± 3.92)        1.3 

    
1 Estimates are generated from mixed-effects models that are adjusted for baseline tobacco use, class/grade, 
gender, & age at baseline.. 

      2 Ratio represents the current prevalence ratio between students susceptible and not susceptible to tobacco 
use. 

  * = Statistically significant at <0.05 level 
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Only a handful of the psychosocial factors evaluated here were significantly 

associated with future use of tobacco after adjusting for baseline use of tobacco.  Table 

5.5a presents results of the analyses for Government school students (“Model 1”), while 

Table 5.5b presents the results for Private school students (“Model 1”).  Among 

Government school students all factors but two, refusal skills and perceived access were 

inversely associated with use of tobacco in the future.  Additionally, only 4 factors were 

significantly associated with tobacco use after 2 years (p<0.05).  These were beliefs about 

social consequences of tobacco use, intentions, and susceptibility to chewing, and 

advocacy skills efficacy.  Among Private school students, all of the psychosocial factors 

at baseline were inversely associated with increased use of tobacco at T3 except for social 

susceptibility to smoking, perceived access to tobacco, and advocacy skills efficacy.  Out 

of the nineteen factors evaluated, only 4 significantly predicted future tobacco use 

(p<0.05): knowledge about health effects, beliefs, reasons to use and refusal skills.  After 

adjusting for other psychosocial factors (“Model 2”), two factors significantly predicted 

future use of tobacco in government school students and these were intentions to chew 

and advocacy skills efficacy.  Similarly, in private school students a single factor was 

associated and this was knowledge about health effects.  
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Table 5.5a Mobilizing Youth for Tobacco-Related Initiatives in India 
Relationship between psychosocial factors and current use of tobacco, government school students (n=5476)1, time 3 

 
  Single regression model 2  Multiple regression model 3 

  Mean (SE) p-value  Mean (SE) p-value 
Intra-personal factors         

  Knowledge (health effects)  - 0.003 (0.003) 0.25  -------- -------- -------- 
  Beliefs (social consequences)  - 0.006 (0.003)  0.02  -------- -------- -------- 
  Meanings (reasons to use)  - 0.004 (0.003)  0.20  -------- -------- -------- 
  Meanings (reasons not to use)  - 0.0003 (0.003)  0.92  -------- -------- -------- 
  Self-efficacy (refusal skills)  0.001 (0.004)  0.75  -------- -------- -------- 
  Intentions (chewing)  -0.010 (0.004)  0.01  -.0.008 (0.004) 0.04 
  Intentions (smoking)  - 0.004 (0.004)  0.25  -------- -------- -------- 
  Social susceptibility (chewing)  - 0.013 (0.004) < 0.01  -------- -------- -------- 
  Social susceptibility (smoking)  - 0.005 (0.004) 0.23  -------- -------- -------- 
Social-environmental factors         
  Normative beliefs  - 0.006 (0.003)  0.56  -------- -------- -------- 
  Normative expectations  - 0.001 (0.003)  0.60  -------- -------- -------- 
  Perceived access   0.003 (0.003) 0.31  -------- -------- -------- 
  Perceived prevalence (chewing)  - 0.006 (0.003)  0.05  -------- -------- -------- 
  Perceived prevalence (smoking)  - 0.002 (0.003)  0.54  -------- -------- -------- 
  Knowledge (public policy)  - 0.003 (0.003)  0.29  -------- -------- -------- 
  Support (public policy)  - 0.0003 (0.003)  0.92  -------- -------- -------- 
  Self-efficacy (advocacy skills)  - 0.006 (0.003) 0.03  - 0.006 (0.003) 0.02 
Other factors      -------- -------- -------- 
  Receptivity to advertising  - 0.003 (0.003)   0.29  -------- -------- -------- 
  Exposure to advertising  - 0.005 (0.003)    0.06  --------  -------- -------- 
         

         1Estimates are generated from mixed-effects models that are adjusted for current use of tobacco at time 1, class/grade, gender, age, using standardized scale 
scores. 

  2 Examines the relationship between selected factor and outcome, separately. 
  3 Examines the relationship between selected factor and outcome, after adjusting for other factors.   

4A higher score on all multi-item scales for all factors indicate less risk. 
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Table 5.5b Mobilizing Youth for Tobacco-Related Initiatives in India 
   Relationship between psychosocial factors and current use of tobacco, private school students (n=2881)1, time 3 

 
 
 

 Single regression model 2  Multiple regression model 3 

  Mean (SE) p-value  Mean (SE) p-value 
Intra-personal factors         

  Knowledge (health effects)  - 0.006 (0.007) 0.01  -0.016 (0.007) 0.01 
  Beliefs (social consequences)  - 0.018 (0.009)  0.03  -------- -------- -------- 
  Meanings (reasons to use)  - 0.013 (0.006)  0.04  -------- -------- -------- 
  Meanings (reasons not to use)  - 0.002 (0.007)  0.75  -------- -------- -------- 
  Self-efficacy (refusal skills)  -0.010 (0.005)    < 0.01  -------- -------- -------- 
  Intentions (chewing)  -0.002 (0.005)  0.70  -------- -------- -------- 
  Intentions (smoking)  - 0.007 (0.008)  0.38  -------- -------- -------- 
  Social susceptibility (chewing)  - 0.002 (0.005)  0.72  -------- -------- -------- 
  Social susceptibility (smoking)   0.005 (0.007) 0.46  -------- -------- -------- 
Social-environmental factors         
  Normative beliefs  - 0.004 (0.006)  0.08  -------- -------- -------- 
  Normative expectations  - 0.012 (0.009)  0.16  -------- -------- -------- 
  Perceived access   0.002 (0.005)  0.68  -------- -------- -------- 
  Perceived prevalence (chewing)  - 0.007 (0.006)  0.28  -------- -------- -------- 
  Perceived prevalence (smoking)  - 0.006 (0.007)  0.37  -------- -------- -------- 
  Knowledge (public policy)  - 0.002 (0.006)  0.77  -------- -------- -------- 
  Support (public policy)  - 0.011 (0.007)  0.10  -------- -------- -------- 
  Self-efficacy (advocacy skills)   0.001 (0.007)  0.88  -------- -------- -------- 
Other factors         
  Receptivity to advertising  - 0.008 (0.006)   0.13  -------- -------- -------- 
  Exposure to advertising  - 0.006 (0.006)   0.30  --------  -------- -------- 
         

            1Estimates are generated from mixed-effects models that are adjusted for  current use of tobacco at time 1,class/grade, gender, age, using standardized scale scores. 
2 Examines the relationship between selected factor and outcome, separately. 
3 Examines the relationship between selected factor and outcome, after adjusting for other factors. 
4A higher score on all multi-item scales for all factors indicate less risk. 
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Finally, we tested for differences in psychosocial risk factors by school type at 

waves 1 and 3.  There were significant differences between students in Government and 

Private schools in the distribution of all but eight of the nineteen psychosocial risk factors 

at T1 and four out of nineteen psychosocial risk factors at T3 ( p<.05).  These results are 

presented in Tables 5.6a and 5.6b. At T1, of those factors that were significantly 

different, students in the government schools scored lower on all of the factors except for 

three--social susceptibility to chewing, perceived access, and knowledge about public 

policy.  Higher scores on these scales indicate students are at a lower risk of tobacco use. 

Interestingly, at T3 private school students scored higher on only 4 of the 12 factors that 

were significantly different between the school types.  Thereby indicating they were more 

vulnerable to tobacco use as compared to the student in government schools at T3.  These 

factors were beliefs, reasons not to use, refusal skills efficacy, and advocacy skills.  

Overall, government school students consistently scored lower on five factors and these 

were beliefs about social consequences, reasons not to use tobacco, refusal skills efficacy, 

perceived prevalence of chewing tobacco and advocacy skills efficacy.  Private school 

students had lower scores at both time points on social susceptibility to chewing, 

normative beliefs, perceived access, knowledge about public policy, support for public 

policy, and receptivity to advertising.  Differences on all risk factor scale scores were 

statistically different in both years, except for reasons not to use tobacco, perceived 

prevalence of chewing tobacco, normative beliefs, support for public policy, and 

receptivity to advertising. 
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              Table 5.6a Mobilizing Youth for Tobacco-Related Initiatives in India 
              Distribution of selected factors by school type (SES), adjusted, standardized scores, time 1 (n=8442)1  

 
 

Government 
(n=3972) 

Private 
(n=2344)   

 Mean (SE) Mean (SE) Diff 2 p-value 
Intra-personal factors       
  Knowledge (health effects) - 0.03 (0.03) 0.08 (0.04) 0.11       0.01 
  Beliefs (social consequences) - 0.23 (0.10) 0.27 (0.10) 0.50    < 0.01 
  Meanings (reasons to use)  - 0.01 (0.04)   0.008 (0.05) 0.02       0.72 
  Meanings (reasons not to use) - 0.44 (0.06) 0.57 (0.06) 1.01    < 0.01 
  Self-efficacy (refusal skills) - 0.42 (0.07) 0.47 (0.08) 0.89    < 0.01 
  Intentions (chewing)   0.03 (0.04)     - 0.06 (0.05) 0.09       0.15 
  Intentions (smoking) - 0.04 (0.04) 0.05 (0.05) 0.09       0.12 
  Social susceptibility (chewing)   0.08 (0.05)     - 0.12 (0.06) 0.20       0.01 
  Social susceptibility (smoking) - 0.06 (0.04)       0.007 (0.04) 0.07       0.18 
Social-environmental factors       
  Normative beliefs   0.02 (0.03)     - 0.04 (0.03) 0.06       0.15 
  Normative expectations - 0.16 (0.05) 0.17 (0.06) 0.33    < 0.01 
  Perceived access   0.18 (0.06)     - 0.22 (0.06) 0.40    < 0.01 
  Perceived prevalence (chewing) - 0.24 (0.06)     - 0.01 (0.06) 0.23       0.01 
  Perceived prevalence (smoking) - 0.22 (0.07) 0.09 (0.07) 0.31    < 0.01 
  Knowledge (public policy)   0.07 (0.04)     - 0.13 (0.05) 0.20    < 0.01 
  Support (public policy)  - 0.04 (0.05)     - 0.06 (0.05) 0.02       0.81 
  Self-efficacy (advocacy skills) - 0.16 (0.06) 0.15 (0.06) 0.66    < 0.01 
Other factors       
  Receptivity to advertising  - 0.02 (0.04)    - 0.05 (0.04) 0.03      0.55 
  Exposure to advertising - 0.07 (0.06) 0.001 (0.05) 0.07      0.38 
       

                          1 Estimates are generated from mixed-effects models adjusted for city, class/grade, gender, age using standardized scale scores. 
                          2 Difference represents the absolute or total “distance” between scores for factors, which are centered at 0.  

                              3A higher score on all multi-item scales for all factors indicate less risk. 
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              Table 5.6b Mobilizing Youth for Tobacco-Related Initiatives in India 
              Distribution of selected factors by school type (SES), adjusted, standardized scores, time 3 (n=8442)1  

 
 

Government 
(n=3972) 

Private 
(n=2344)   

 Mean (SE) Mean (SE) Diff 2 p-value 
Intra-personal factors       
  Knowledge (health effects)        0.001 (0.06) - 0.07 (0.06) 0.07      0.32 
  Beliefs (social consequences) - 0.15 (0.08)   0.15 (0.08) 0.30    < 0.01 
  Meanings (reasons to use)   0.02 (0.06) - 0.25 (0.06) 0.27       0.01 
  Meanings (reasons not to use) - 0.40 (0.08)   0.38 (0.08) 0.78    < 0.01 
  Self-efficacy (refusal skills) - 0.35 (0.07)   0.70 (0.07) 1.05    < 0.01 
  Intentions (chewing)   0.01 (0.05) - 0.15 (0.06) 0.16       0.01 
  Intentions (smoking)   0.03 (0.07) - 0.16 (0.07) 0.19       0.02 
  Social susceptibility (chewing)   0.02 (0.05) - 0.22 (0.05) 0.24    < 0.01 
  Social susceptibility (smoking)     0.004 (0.06) - 0.20 (0.07) 0.20       0.01 
Social-environmental factors       
  Normative beliefs 0.09 (0.07) - 0.22 (0.07) 0.31 < 0.01 
  Normative expectations 0.07 (0.07) - 0.15 (0.07) 0.22    0.01 
  Perceived access 0.23 (0.09) - 0.56 (0.09) 0.79 < 0.01 
  Perceived prevalence (chewing)   0.002 (0.10)   0.03 (0.10) 0.03   0.81 
  Perceived prevalence (smoking) 0.02 (0.10) - 0.04 (0.10) 0.06   0.69 
  Knowledge (public policy)     - 0.08 (0.05) - 0.23 (0.05) 0.15      < 0.01 
  Support (public policy)       0.16 (0.09) - 0.20 (0.09) 0.36    0.02 
  Self-efficacy (advocacy skills)     - 0.26 (0.08)   0.10 (0.08) 0.36 < 0.01 
Other factors       
  Receptivity to advertising       0.08 (0.06) - 0.11 (0.06) 0.19 < 0.01 
  Exposure to advertising       0.10 (0.10) - 0.14 (0.10) 0.15   0.06 
       

                         1 Estimates are generated from mixed-effects models adjusted for city, class/grade, gender, age using standardized scale scores. 
                         2 Difference represents the absolute or total “distance” between scores for factors, which are centered at 0.  
                3A higher score on all multi-item scales for all factors indicate less risk. 
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5.5 Discussion 

 The overall goal of this study was to examine change in tobacco use over time 

between school type (a variable correlated with SES), as well as how baseline intentions 

and susceptibility lead to changes in tobacco use over time.  Also, in order to more fully 

understand differences between government and private school attendees, the risk 

profiles of private and government school students were compared.    

In this study, the association between SES and prevalence of current use of any 

tobacco was not consistent over time.  At the first time point, the prevalence of tobacco 

use was higher among government school students (vs. private school students).  Over 

time this difference disappeared, with no statistically significant differences in prevalence 

at the second time point and a reversed (albeit nonsignificant) association at the third time 

point.  This reversal in association could be attributed to “westernization”, which  has 

been defined as a type of acculturation whereby people in non-western countries (e.g., 

India) come under the influence of western culture in matters such as language, lifestyle, 

values and/beliefs135.  In this era of globalization, India is experiencing an ever-increasing 

influence of western culture and high SES population has more exposure and means to 

embrace the western culture.  A recent study by Stigler and colleagues on 

“westernization” and tobacco use among adolescents in India found private school 

students identify with the western lifestyle more than government school students136.  

Also, higher scores on a western scale were significantly associated with more tobacco 

use.  This finding was replicated across all measures (i.e., ever use, past year, and past 

month use) and all types of tobacco (i.e., chewing and smoking tobacco).  
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 There has been no research on effects of SES on tobacco use longitudinally in 

Indian youth to date.  Previous studies have examined this association cross-sectionally.  

This study therefore makes an important contribution to the literature on the relationship 

between SES and tobacco use over time.  

 As expected, change in prevalence of current use of any tobacco over time was 

significantly higher for youth with intentions to use tobacco (vs. no intentions) and for 

those susceptible to tobacco use (vs. non susceptible).  In other words, the profiles for 

tobacco use were significantly different.  Also of note, the effects for intentions and 

susceptibility were very similar across the two school types.  Overall, the general pattern 

of findings was consistent with the notion that both intentions not to use tobacco and non 

susceptibility to tobacco use conferred protection against tobacco use.  

Several studies in the West have reported intentions and susceptibility as powerful 

predictors of future smoking among adolescents, above and beyond current smoking 

status.47, 49,123,132  The results from the present study continue to substantiate this 

association in the Indian setting but only for government school students.  It is important 

to consider why the longitudinal effect of intentions and susceptibility was not significant 

for private school students.  The lack of association between these predictors (i.e., 

intentions and susceptibility) among private school students could be due to unmeasured 

confounders that could influence development of intentions and susceptibility.  Future 

studies should examine risk factors associated with cognitive shift to intentions and 

susceptibility. 

After adjusting for other psychosocial factors, a single factor that significantly 

predicted use of tobacco in private school students was knowledge about health effects of 
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tobacco consumption.  In contrast, among government schools students this was not 

significantly associated with tobacco use, but intentions to chew tobacco and advocacy 

skills efficacy were significant.  Strong advocacy skills efficacy can be a potent influence 

in instigating behavior change among peers.  A study by Flanagan and colleagues 

reported significantly higher likelihood of intervening proactively (e.g., talking to a 

friend) if a friend had started smoking or tried drugs among younger students compared 

to older students.137  This finding underscores the salience of social nature of risk 

behavior in adolescence and friends as a potential resource in prevention.   

In accordance with a previous cross-sectional study, at T1, government school 

students scored lower than  private school students on most (all but seven) of the nineteen  

psychosocial factors studied here, pointing to their being more vulnerable to increased 

levels of tobacco use than private school students.  These findings were reflected as 

higher prevalence of tobacco use at T1 among low-SES youth at T1.  The distribution of 

risk factors was reversed at T3.  Private school students scored lower than government 

school students on most (all but five) of the nineteen psychosocial factors that made them 

more likely to use tobacco.  The reversal in risk profile and the resultant potential for 

increased tobacco consumption is substantiated by higher prevalence of tobacco at T3 

among private school students relative to government school students.  These results 

provide some guidance for the design of future interventions, for both Private and 

Government school students, as they highlight which risk factors are most strongly 

correlated with increased tobacco use (and so would be good candidates to target for 

behavioral change through intervention).  



 103

The findings from this study of higher tobacco use over time by private school 

students are in accordance with Stigler et al. findings.  Also, at T3, private school 

students scored lower on many psychosocial factors studied here, indicating higher risk.  

The current study has a number of limitations worth noting. First, there was 

attrition over time, and this attrition could bias results.  The analytic model employed was 

able to use all available data (i.e., not discard participants who only provided data at one 

time point), but did not impute or fill in missing values.  This technique results in 

unbiased estimates when assumptions about the type of missingness can be made (e.g., 

missing at random), although it is not clear how reasonable those assumptions are in this 

dataset.  Second, the data are derived from a convenience sample of schools, and study 

findings are not necessarily representative of schoolchildren in the study cities or across 

India as a whole. Third, data on parent’s occupation and family’s caste/tribe was not 

collected in this study.  This information, therefore, could not be used to determine a 

child’s socioeconomic status, or to examine how these variables related to tobacco use, 

independent of school type.  Finally, a major limitation to this study was self-report, 

which may lead to over- or under-reporting of tobacco use.  This could have affected the 

magnitude of observed versus actual differences in tobacco use between the two school 

types.  An extensive piloting procedure was used in the early stages of this project to 

ensure the survey was appropriate for use for students in both school types.  The survey 

was administered confidentially, which has been shown to improve validity and reliability 

of self-reported data like these, at least in other settings.16  A large sample size makes the 

findings robust, and the study is representative of two large metropolitan cities, one each 

in Southern and Northern India.  
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Besides a definite need for tobacco prevention for young adolescents there is also 

a need for more etiologic studies.  By not only examining the differences in tobacco use 

among adolescents in Government and Private schools, the distribution of psychosocial 

risk factors and the relationship between these risk factors and future tobacco use, but 

also the association between intentions, and susceptibility and concurrent and future 

tobacco use these findings should have important implications for future intervention 

design.  Additionally, in developing countries like India with scarce resources, preventive 

interventions can be tailored based on intentions and susceptibility status of youth (i.e., 

targeting adolescents who are at an increased risk of tobacco use to effectively prevent 

tobacco use among youth).   

 

 

 

 

 

 

 

 

 



 105

CHAPTER VIII 

 

Conclusions  

6.1 Overview  

An association between SES and adolescent tobacco use has been investigated 

extensively in the US and results indicate that no clear pattern of association between 

SES and adolescent smoking exists. It is particularly important to determine the nature of 

the relationship between SES and adolescent smoking behavior because it is during 

adolescence when these behaviors become established. This dissertation served to 

evaluate the role of SES on adolescent tobacco use across two different countries. These 

papers highlight the salience of tobacco prevention in population subgroups that are 

disproportionately affected and will bear the brunt of the numerous health hazards 

associated with tobacco use.  

  

6.2 Conclusions from Manuscript One  

Low individual-level SES was associated with increased adolescent smoking. 

Although community-level SES did not significantly directly affect adolescent smoking, 

it did serve to moderate the association between individual-level SES and smoking.  

Specifically, community-level SES had a positive effect on smoking trajectories for low 

individual-level SES adolescents but a negative effect on smoking trajectories among 

high individual-level SES youth. The implication from these findings is that continued 

efforts to prevent or intervene with adolescent smoking may be particularly helpful for 

adolescents from less educated families residing in more affluent neighborhoods. These 
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findings also highlight the fact that, although somewhat counterintuitive, affluent 

neighborhoods are not universally protective. 

 

6.3 Conclusions from Manuscript Two 

Using a latent class analysis, this study empirically defines stages of smoking 

acquisition among adolescents in India.  This analysis provides evidence of the different 

classes/stages involved in the process of tobacco acquisition. A 3-latent class and a 4-

latent class model were most appropriate for this adolescent population, in private and 

government schools, respectively. Although, the number of latent classes was the same at 

both time points, the meaning of these classes differed over time. For private schools, 

“committed non user”, the largest class, appeared to be identical at both time points. The 

other two classes that appeared to change over time and at time 1 were “susceptible 

(chew only) non user”, and   “highly susceptible (chew and smoke) non user”.  At time 3, 

these classes were “susceptible non user”, and “highly susceptible (chew and smoke) ever 

user”.  For government schools, at time 1, committed non user and “susceptible (chew 

only) non user”, were similar to those at time 1 for private schools. Remainder of the 

classes were “non susceptible ever user “and “highly susceptible (chew and smoke) ever 

user ". Of the 4 classes, 3 were the same at both time points. “Susceptible non user” class 

was different. An implication of these findings is that acquisition classes/stages can be 

used to pinpoint the most effective time to introduce prevention efforts. Most 

importantly, these classes can be used to identify adolescents most at risk for tobacco use. 

This is especially important in developing countries like India, where limited resources 

dictate a need for optimally efficient programs. For example, it may be most efficient to 
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target primary prevention programs to susceptible non users and to use a more specific 

intervention program for susceptible users to halt the progression and acceleration of 

tobacco use. These segmented prevention efforts might prove more effective in reducing 

the number of adolescents who become adult tobacco users.  

 

6.4 Conclusions from Manuscript Three 

Socioeconomic differences in patterns and trends of tobacco consumption over 

time and distribution of related psychosocial factors were evaluated. At baseline, low 

SES was associated with higher prevalence of tobacco use, but the relation between SES 

and tobacco use reversed two years later. A number of potentially explanatory 

psychosocial risk factors exhibited distributions that paralleled tobacco use. The findings 

suggest that the relationship between SES and tobacco use is inconsistent, with a 

potential change over time in the association of SES and tobacco use. These results also 

provide some guidance for both private and government school students, as they 

highlight which psychosocial risk factors are associated with increased tobacco use (and 

so would be good candidates to target for behavioral change through intervention). 

 

6.5 Overall conclusion 

The intent of this dissertation was to examine certain aspects of the influence of 

SES on adolescent tobacco use in two different countries. The results from the MACC 

study suggest that individual-level SES was inversely associated with adolescent smoking 

trajectories.  Community-level SES had no impact on youth smoking over time.  Because 

the community-level variable in our study measures only structural features of a 



 108

community, it likely does not fully capture the impact of community socioeconomic 

context on adolescent smoking.  Future research should examine the effects of different 

dimensions of SES (e.g., informative characteristics of the socioeconomic context of 

communities such as social and service environments) on adolescent smoking and also 

investigate the indirect effects of community socioeconomic context on adolescent 

smoking through individual socioeconomic position.  Besides targeting individuals with 

low socioeconomic position, it would be prudent to implement population-based 

approaches for effective tobacco control (i.e., policies to limiting access, prohibiting use 

of tobacco in public places, taxation). 

The results from paper 2 highlight the similarities and differences in tobacco 

acquisition classes across low and high SES adolescents. Overall, there were 

considerably higher percent of ever users among government schools than private schools 

at both time points. Unlike other studies conducted in Western countries, the latent class 

models did not appear to result in well-defined, easily interpretable classes of tobacco 

acquisition. One possible explanation for this may be the low prevalence of tobacco use, 

which may be a result of the young population in this study.  It would be interesting to 

estimate these models in an older Indian population where the prevalence of tobacco use 

is higher. Cognitive shifts in susceptibility and intentions highlight important 

developmental stages among adolescents that might detect at-risk individuals and make 

them suitable candidates for primary prevention programs.  Other cohort studies should 

examine risk factors (e.g., parental and peer smoking) associated with cognitive shift in 

susceptibility and intentions to use tobacco. While none of the stage theories or models 

was explicitly tested in this study, these “Western-based” theories/models served as a 
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useful guide to understand tobacco acquisition behavior among young adolescents in this 

study. Future studies should further explore the adaptation of these theories/models in the 

developing world. 

 In paper 3, the results showed that the relationship between SES and tobacco use 

changed over time, potentially highlighting the effects of westernization on Indian youth. 

Initially, the prevalence of tobacco use was higher among government school students 

(vs. private school students).  Over time this difference disappeared and then reappeared 

as a reverse association later.  These findings were reflected in the psychosocial risk 

profile of students across school types.  The data from these studies can be used as a 

surveillance tool, to help guide policy makers at the state and national level and also help 

in reducing in reducing the inequalities in susceptibility to consume tobacco.  These 

studies underscore the need for a more comprehensive understanding the role of SES in 

influencing an adolescent’s tobacco use behavior to effectively address prevention 

efforts.  For example, we can get a more refined sense of this association by examining 

the pathways by which SES influences smoking.  Alder et al.'s conceptual model 

explicates pathways by which individual-level SES influences health. 138  The model 

indicates that both environmental and psychological influences mediate this relationship.  

Similarly, the conceptual model presented by Robert 68 illustrates the relationship 

between community socioeconomic context and individual health.  This model suggests 

that community SES affects health via two major pathways: (1) by shaping individual-

level SES, and (2) by directly affecting the physical environment of communities in 

which individuals reside, which in turn affects the individual characteristics, conditions, 

and experiences of individuals that then impact health.  These models can be used as a 
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guide to better understand the potential mechanisms by which SES can influence 

smoking and the findings could be important for developing policies and interventions at 

the state and local level to reduce SES disparities in tobacco use. 

Findings from our study provide evidence that SES may play a role in the etiology of 

adolescent tobacco use.  This thesis is a step towards understanding etiology of tobacco, 

which is important for identifying high-risk groups and creating and refining strategies 

for tobacco prevention. 
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