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Introduction

This chapter addresses the important question of 
why young people begin to use tobacco. The immedi-
ate and long-term health consequences of use have been 
extensively documented over the past 50 years. Why any-
one would begin to smoke or use smokeless products may 
therefore not seem “rational.” This chapter (and Chap-
ter 5, “The Tobacco Industry’s Influences on the Use of 
Tobacco Among Youth”) examines, within a theory-driven 
context, the risk factors associated with the onset and 
development of tobacco use over the course of adolescence 
and young adulthood. These particular stages of develop-
ment within the life course are perhaps the only times in 
life when tobacco use might be appealing and even per-
ceived as functional to individuals (Perry 1999). By defi-
nition, adolescence and young adulthood represent the 
social transition to adulthood, with accompanying risk-
taking associated with trying and acquiring adult behav-
iors. Yet brain development is not complete, and there is 
immaturity in consequential thinking, impulsivity, and 
decision-making skills before adulthood. Notably, peer 
group influences emerge as powerful motivators of behav-
ior change. These changes create a unique window of vul-
nerability for tobacco use onset in adolescence and young 
adulthood. As was shown in Chapter 3 (“The Epidemiology 
of Tobacco Use Among Young People in the United States 
and Worldwide”), by 26 years of age, nearly all people who 
are going to use tobacco have already begun, so the focus 
of primary prevention with young people really spans the 
ages of 12 to 25 years. This chapter provides important 
information on these developmental processes, examin-
ing large social and physical environments that support 
or discourage tobacco use, small social groups, cognitive 
and affective processes, and neurobiological and genetic 
factors. 

The 1994 Surgeon General’s report on preventing 
tobacco use among young people discussed psychoso-
cial risk factors for initiating tobacco use (U.S. Depart-
ment of Health and Human Services [USDHHS] 1994). 
That report, which described the developmental stages of 
tobacco use from onset to regular use, set forth several 
sets of factors that influence the initiation of tobacco use: 

•	 Sociodemographic factors (socioeconomic status 
[SES], developmental challenges of adolescence, 
gender, and race/ethnicity); 

•	 Environmental factors (acceptability and availability 
of tobacco products, interpersonal variables, per-
ceived environmental variables);

•	 Behavioral factors (academic achievement, problem 
behaviors, influence of peer groups, participation in 
activities, and behavioral skills);

•	 Personal factors (knowledge of the long-term health 
consequences of using tobacco, functional mean-
ings of tobacco use, subjective expected utility of 
tobacco use, variables related to self-esteem, and 
personality); and

•	 Current behavior relative to tobacco use (intentions 
to smoke and smoking status).

The chapter concluded that the following factors 
promote the initiation and use of tobacco products of 
some type:

•	 Relatively low SES,

•	 Relatively high accessibility and availability of 
tobacco products,

•	 Perceptions by adolescents that tobacco use is nor-
mative, that is, usual or acceptable behavior,

•	 Use of tobacco by significant others and approval of 
tobacco use among those persons,

•	 Lack of parental support,

•	 Low levels of academic achievement and school 
involvement,

•	 Lack of skills required to resist influences to use 
tobacco,

•	 Relatively low self-efficacy for refusal,

•	 Previous tobacco use and intention to use tobacco 
in the future,

•	 Relatively low self-image, and

•	 Belief that tobacco use is functional or serves a pur-
pose.

The same factors were also found to predict two spe-
cific behaviors: cigarette smoking and the use of smoke-
less tobacco. In addition, having insufficient knowledge 



Surgeon General’s Report

428 Chapter 4

about the health consequences of using smokeless tobacco 
was found to predict initiation of that behavior. The report 
noted that use of smokeless tobacco tended to be specific 
to males, and both parents and youth perceived the use 
of smokeless tobacco to be relatively safe and acceptable 
when compared with cigarette smoking (USDHHS 1994).

This chapter, which updates Chapter 4 of the 1994 
report, is not meant to be an all-encompassing review. 
Instead, it focuses on highlighting information gleaned 
from research conducted after the 1994 report was writ-
ten. Literature was collected in a theory-guided way, using 
the Theory of Triadic Influences, to emphasize findings 
deemed important by the scientific panel convened to 
write this chapter. To reflect the findings of researchers 
during the last decade and a half, the description of etio-
logic factors differs substantially from the earlier report. 
The chapter investigates the predictors of initiation and 
progression of tobacco use for two groups: adolescents 
(girls and boys aged 12–17 years) and young adults 
(women and men aged 18–25 years). The time from 12–25 
years of age constitutes an extended developmental period 
in which independence in lifestyle is gradually achieved 
(note that in the United States, youth cannot buy tobacco 
legally until at least 18 years of age).

Cigarette smoking among adolescents and young 
adults is a multidetermined behavior, influenced by the 
unique and overlapping combinations of biological, psy-
chosocial, and environmental factors. These factors can 
function as either risk or protective factors. Risk factors 
increase the probability of smoking initiation and the 
likelihood of continued use, characterized by increases 
in frequency and intensity. Conversely, protective factors 
decrease the probability of smoking initiation, as well as 
reduce the likelihood that experimental use will progress 
to regular use. An individual’s overall risk profile is deter-
mined by the interrelations of these various risk and pro-
tective factors.

Age-related processes also play a central role in 
determining smoking risk. Adolescence is a sensitive 
developmental period, characterized by extraordinary 
brain changes and high levels of emotionality, impulsiv-
ity, and risk-taking. The plasticity of the adolescent brain, 
together with the relatively immature neurobehavioral 
systems necessary for self-control and affect regulation, 
confer a heightened vulnerability for the development of 
smoking behavior (Steinberg 2007). Similarly, the period 
following early and middle adolescence (aged 18–25 years) 
has particular developmental significance with regard to 
smoking behavior. Many risk behaviors peak during this 
period of life, including rates of substance use, smoking, 
risky driving, and unsafe sex (Arnett 2000). It is also dur-
ing this time period that young people may attend college 
or begin to take on more conventional adult roles, such 

as marriage, children, and occupational responsibilities. 
These life transitions are often associated with concomi-
tant decreases in risky behavior (Bachman et al. 2001; 
Flora and Chassin 2005) and may represent a turning 
point in which an individual either permanently adopts 
smoking behavior or rejects it in favor of a nonsmoking 
lifestyle.

The development of youth smoking is a dynamic 
process in which youth progress from early cigarette tri-
als, to intermittent use, to regular use and dependence. 
Understanding the factors that either interrupt progress 
along this trajectory or potentiate continued use is criti-
cal to intervening with smoking behavior. Importantly, 
the factors that influence early trials with cigarettes may 
be distinct from those that influence progression and per-
sistence. Modern conceptualizations of smoking devel-
opment emphasize a social ecological perspective which 
considers the broader social and environmental context 
in which youth tobacco use occurs (Cook 2003; Wilcox 
2003; Wen et al. 2009; Ennett et al. 2010). This perspec-
tive recognizes that youth and young adults do not exist in 
isolation. Rather, they inhabit a complex system of layered 
social and environmental contexts, wherein they learn, 
socialize, and conduct their daily activities. Theoretical 
models that consider these multiple levels of neurobio-
logical, sociocontextual, and environmental influence can 
be labeled “integrated biopsychosocial-ecological models” 
(Sussman and Ames 2008). In these models, intrapersonal 
predictors of tobacco use are “nested” within larger social 
and environmental structures. For example, a person’s 
neurobiological variables function within a set of complex 
cognitive-related responses and, in turn, operate within a 
larger context of small social groups (e.g., families, peer 
groups), that ultimately function within a larger socio-
environmental context (e.g., schools, neighborhoods). 
Large-scale environmental factors might be either social 
or physical (e.g., communications in the mass media, 
access of youth to sales of tobacco products), while envi-
ronmental factors on a smaller scale could include, for 
example, a youth’s social groups. Intrapersonal factors 
(e.g., cognitive processes, genetics, and brain systems and 
structures) could be based on biological or psychological/
cognitive variables. These two kinds of predictors, envi-
ronmental and intrapersonal, may affect each other. For 
example, a person who shows a lack of self-control related 
to an imbalance in neurotransmission (an intrapersonal 
neurobiological variable) and intends to smoke cigarettes 
in the future (an intrapersonal cognitive variable) would 
be constrained from smoking in groups of nonsmoking 
peers at a worksite where smoking was prohibited; here, 
two kinds of environmental variables would be at play: 
social (small groups) and physical (prohibition of smok-
ing). Multilevel modeling techniques are commonly used 
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to examine how factors such as intrapersonal character-
istics, families, peer groups, schools, and communities, 
interact together to jointly influence adolescent tobacco 
outcomes.

The Theory of Triadic Influence (TTI) (Flay and 
Petraitis 1994; Petraitis et al. 1995) classifies the elements 
of 14 different theories about human behavior in three 
substantive domains. This “meta-theory” is grounded in 
the major behavioral theories that have been applied to 
tobacco use with young people. The theories, grouped by 
categories (in parentheses), are as follows:

•	 Reasoned action, planned behavior (cognitive affec-
tive);

•	 Social learning, social cognitive/learning (social 
learning);

•	 Social control, social development (commitment 
and social attachment);

•	 Social ecology, self-derogation, multistage social 
learning, family interaction (intrapersonal); and

•	 Problem behavior, peer cluster, vulnerability, 
domain (relatively comprehensive theories).

The three substantive domains are the following:

•	 Social/normative,

•	 Cultural/environmental, and

•	 Intrapersonal. 

These three domains have different “distances” from 
actual tobacco use and so can be characterized as ulti-
mate, distal, or proximal. For example, a person is affected 
by her or his culture (ultimate), social and physical envi-
ronments (distal), and personal perceptions of those envi-
ronments (proximal) that influence subsequent tobacco 
use (Petraitis et al. 1995; Turner et al. 2004; Sussman and 
Ames 2008).

This chapter divides the etiologies of tobacco use 
into four categories of predictors that overlap with those 
used by TTI and reflect how research has been undertaken 
in this area: large social and physical environments, small 
social groups, intrapersonal cognitive processes, and 
intrapersonal genetic and neurobiological processes.

By considering these four categories, each of which 
contains sets of variables, within a broad theoretical con-
text, the etiology of tobacco use may be more completely 
understood, and new options for the primary prevention 

or cessation of tobacco use may be suggested. (Figure 5.1 
in Chapter 5 provides a visual illustration of TTI.)

Developmental Stages  
of Tobacco Use

As presented in the 1994 report from the Surgeon 
General, the uptake of tobacco use can be described as 
proceeding in stages from nonuse to lower to higher lev-
els of use (USDHHS 1994). Generally, initiation is defined 
as having ever tried tobacco, experimental use as occa-
sional use, and regular use as an increase in the frequency 
and quantity of use (USDHHS 1994; Mayhew et al. 2000). 
In adolescence, regular use is often marked by a pattern 
of monthly or weekly use and may include psychologi-
cal and physical dependence on tobacco (Sussman et al. 
1995). Not all experimenters become regular users, and 
different predictors may be important at different points 
along the course of a person’s tobacco use, which under-
scores the usefulness of conceptualizing the stages of use 
(Leventhal and Cleary 1980; Flay et al. 1983; USDHHS 
1994; Sussman et al. 1995; Mayhew et al. 2000). Social 
and environmental factors are likely to be more influen-
tial in low-level or early tobacco use (and thus are more 
appropriate targets for intervention during these stages), 
while intrapersonal factors tend to be strong predictors of 
later and higher levels of use, when addiction to nicotine 
is more strongly involved (Tucker et al. 2003; Sussman 
and Ames 2008). However, a review of 11 cross-sectional 
and 33 prospective studies suggested that social, environ-
mental, and intrapersonal factors predict both the onset of 
adolescent smoking and subsequent increases in the fre-
quency and quantity of use (Mayhew et al. 2000). Mayhew 
and colleagues (2000) found that tolerance for deviance 
(an intrapersonal variable) appeared uniquely related to 
the onset of smoking in some of the prospective stud-
ies they reviewed, although previous smoking intensity, 
normative beliefs, estimates of the prevalence of smoking 
among peers, and perceived lack of parental involvement 
and support appeared uniquely related to higher levels of 
smoking onset in other studies. 

The stage model is a useful heuristic device  
(USDHHS 1994) and, as is true with other integrative 
models, helps to stimulate new research and guide efforts 
in prevention. In reality, however, it is a simplistic presen-
tation of the development of smoking. In fact, substan-
tial heterogeneity exists in the uptake and progression of 
smoking behavior. As newer data analytic techniques have 
become available (e.g., latent variable growth mixture 
modeling), researchers have been able to empirically iden-
tify developmental trajectories of tobacco use that more 



Surgeon General’s Report

430 Chapter 4

clearly capture this heterogeneity (Chassin et al. 2000; 
Mayhew et al. 2000; Bernat et al. 2008). Several studies 
have identified three to six discrete smoking trajectories 
(e.g., Bernat et al. 2008). One of these trajectories typically 
captures about 10% of adolescents who progress rapidly to 
persistent, heavy cigarette smoking (Chassin et al. 2000; 
Colder et al. 2001; Soldz and Cui 2002; Orlando et al. 2004; 
Stanton et al. 2004; White et al. 2004; Karp et al. 2005; 
Brook et al. 2006; Bernat et al. 2008; Lessov-Schlaggar et 
al. 2008). Adolescents in this group may exhibit symptoms 
of dependence shortly after their first experimentation 
with cigarettes (Gervais et al. 2006; DiFranza et al. 2007), 
and they do not appear to go through a generic stage 
model (i.e., a series of stages) of the uptake of tobacco use. 
An important focus of research in this area is to identify 
factors that discriminate among trajectories, especially 
those factors associated with patterns of early and rapid 
escalation in smoking, since this group may be at greatest 
risk for lifelong nicotine dependence (Dierker and Merm-
elstein 2010). See Chapters 2 (“The Health Consequences 
of Tobacco Use Among Young People”) and 3 for additional 
discussion of smoking trajectories.

Some studies have extended the stages of tobacco 
use to describe what a young person might experience 
before initiating use. For example, Pallonen and col-
leagues (1998) studied four stages of smoking acquisition: 
precontemplation (not intending to smoke in the future), 
contemplation (intending to smoke in the future), prepa-
ration (intending to smoke in the immediate future), 
and recent acquisition (experimenting with smoking). 
Another schema, the susceptibility model (Pierce et al. 
1996, 1998), differentiates never smokers who are open 
to the possibility of smoking from those who are firmly 
committed to not smoking. In this model, “nonsuscep-
tible” is the first stage. During this period, the adolescent 
has yet to consider the possibility of smoking. In the sec-
ond stage (susceptible), the adolescent becomes open to 
the idea of smoking a cigarette in the future. The third 
stage (experimentation) is marked by the first puff of a 
cigarette. Experimentation continues with occasional 
smoking episodes until the adolescent has smoked 100 
cigarettes. The lifetime smoking of that many cigarettes 
is a milestone used as a general estimate of the onset of 
nicotine dependence (stage four). Adolescents who reach 
the 100-cigarette point but discontinue smoking are clas-
sified as former smokers and, in this model, return to the 
nonsusceptible stage. 

The original model of susceptibility, as proposed by 
Pierce and colleagues (1996), allowed adolescents who 
had already tried smoking to be classified as nonsuscep-
tible if they expressed a firm commitment not to smoke 
in the future. Other models (Unger et al. 1997; Filice et al. 
2003; Gritz et al. 2003; Sun et al. 2005) used the suscep-
tibility concept to refer primarily to never smokers (who 
were classified as nonsusceptible), although youth who 
had already smoked were automatically classified as sus-
ceptible. Gilpin and colleagues (2001) added more inter-
mediate stages to this model for adolescents, including 
puffers (have puffed on a cigarette but have not smoked 
a whole one), noncurrent experimenters (have smoked 
between 1 and 100 cigarettes but have not smoked dur-
ing the past month), and noncurrent established smok-
ers (have smoked more than 100 cigarettes but have not 
smoked during the past month). Other classifications and 
measures have been proposed (e.g., Kremers et al. 2001; 
Prokhorov et al. 2002) in attempts to predict which youth 
are more likely to become regular smokers as adults. 
The discussion later in this chapter will focus on specific 
variables within different levels of influence pertaining 
to adolescents and young adults but will not specifically 
incorporate the concept of stages, as these variables have 
generally not been examined relative to staging. 

Considering Different Types of 
Tobacco Use

Most studies on the etiology of tobacco use have 
focused on cigarette smoking. Where available, informa-
tion will be presented in this chapter on smokeless tobacco 
products (chewing tobacco and snuff), cigars, pipes, and 
other types of smoked tobacco (e.g., narghile [water pipe] 
smoking). Despite some differences in the social images 
associated with different types of tobacco products (e.g., 
smokeless tobacco is more strongly associated with play-
ing sports, such as baseball, than is cigarette smoking) 
(Sussman et al. 1989), one could assume that the effects of 
the different predictors are reasonably similar across dif-
ferent types of tobacco products (e.g., risk taking is associ-
ated with use of both cigarettes and smokeless tobacco) 
(Sussman et al. 1989; Gilpin and Pierce 2003). This chap-
ter examines the four levels of predictive factors of tobacco 
use and their associations with the onset of these different 
types of tobacco use and increased levels of use among 
youth.
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Large Social and Physical Environments

The large social and physical environments include 
influences outside the individual, family, and immediate 
peer group that may either promote or restrict the use 
of tobacco. In general, these are more distal influences, 
including demographic factors that in some way affect a 
person’s subjective perception about the acceptability of 
smoking, her or his beliefs about the social image that 
smoking conveys to others, and the availability of tobacco 
and places to smoke (Petraitis et al. 1995). Examples of 
these influences are described in detail below.

Large Social Environment

The large social environment defines the norms 
within a society about whether, when, and for whom 
smoking is acceptable. Social norms about smoking have 
changed substantially since the Surgeon General’s report 
of 1964 (U.S. Department of Health, Education and Wel-
fare 1964); in that year, 50% of the U.S. adult male popula-
tion smoked (Garfinkel 1997), and smoking was becoming 
increasingly prevalent among women and youth (Cum-
mings et al. 2002). Smoking was also acceptable in nearly 
all locations, such as worksites, movie theaters, hospi-
tals, and airplanes (Americans for Nonsmokers’ Rights 
2005). Cigarettes were advertised in many different kinds 
of media and their use was tied to glamour, wealth, sex 
appeal, popularity, power, and good health (USDHHS 
1994). Now, in the early twenty-first century, however, 
Americans, especially the better educated and more afflu-
ent, are much less likely to smoke (Morgan et al. 2007; 
Stuber et al. 2008) than in the middle of the twentieth 
century. According to the Centers for Disease Control and 
Prevention (CDC 2011), in 2010, 19.3% of adults in the 
United States were current smokers: 21.5% of men and 
17.3% of women. 

Religious and Cultural Influences

Religion

Religious doctrines can create social norms that 
constrain smoking behavior. However, the texts of most 
of the world’s major religions were written before tobacco 
use became prevalent worldwide. Religious scholars have 
interpreted the texts and have issued official statements 
about whether tobacco use is consistent with the doctrines 
that have emanated from these texts (Simpson 2005). 

Christianity, Judaism, Buddhism, Hinduism, and Baha’i, 
for example, do not specifically forbid smoking but indi-
cate that the practice is inconsistent with the teaching and 
writings of these varied religions, including not deliber-
ately harming one’s body, and religious leaders often sug-
gest avoiding intoxicating and addictive substances that 
can impair judgment (World Health Organization [WHO] 
1999). The Mormon religion forbids smoking and refuses 
smokers entry into the temple (Church of Jesus Christ of 
Latter-Day Saints 2006). In response to increasing evi-
dence about the physical, social, and cultural effects of 
tobacco use, Islamic leaders have forbidden tobacco use in 
several countries (WHO, Eastern Mediterranean Regional 
Office 2001). In some religions, abstaining from tobacco 
use is viewed as a sign of the strength essential for reli-
gious piety (Bradby 2007). 

In contrast, American Indian religions have used 
tobacco for healing and ceremonies but, in general, do 
not condone everyday smoking outside of spiritual con-
texts (Pego et al. 1995). A challenge for tobacco control 
in American Indian communities is to acknowledge that 
the sacred use of tobacco is culturally important while 
preventing recreational use and nicotine dependence. In 
some instances, tobacco control organizations have part-
nered with American Indian tribes to develop health edu-
cation messages that distinguish the sacred use of tobacco 
from the habitual use of commercial tobacco products 
(American Indian Tobacco Education Network 2000). For 
other groups, religious beliefs and practices can create 
opportunities for smoking cessation during specific occa-
sions such as Ramadan or Lent (Afifi 1997).

Across religious traditions, smoking tends to be less 
prevalent among those more likely to participate in reli-
gious activities. This association has been documented 
among Jews in Israel (Shmueli and Tamir 2007), Chris-
tians in the United States (Nasim et al. 2006; Mann et al. 
2007; Turner-Musa and Lipscomb 2007), and adolescents 
who belong to various religious groups in the United 
States (Scott et al. 2006; Rostosky et al. 2007). Participa-
tion in religious or faith-based activities also appears to 
exert a uniquely protective effect against smoking escala-
tion among adolescents who have already experimented 
with cigarettes (Choi et al. 2002; Van den Bree et al. 2004; 
Metzger et al. 2011). Some studies have distinguished 
between private religiosity (e.g., frequency of prayer, 
importance of religion) and public religiosity (e.g., fre-
quency of attendance at religious services, frequency of 
youth group attendance) (Nonnemaker et al. 2003, 2006). 
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These studies found that both domains were protective but 
that private religiosity was more protective against smok-
ing onset while public religiosity was more important for 
smoking escalation. By encouraging the bonding of ado-
lescents to conventional social institutions and norms, 
religious involvement may discourage young people from 
affiliating with irreligious peers, who might introduce 
them to smoking. Furthermore, adolescents in observant 
families may be relatively more likely to be monitored 
closely by their parents, have more adult role models, and 
be more apt to participate in conventional community 
activities (Whooley et al. 2002; Bartkowski and Xu 2007).

Race, Ethnicity, and Culture

Chapter 3 of this report describes the epidemiology 
of smoking across racial and ethnic groups. This section 
focuses on people’s subjective reactions to their racial, 
ethnic, and cultural identity, including perceived discrim-
ination, the development of ethnic identity, and ethnic 
pride, in the context of tobacco use. 

Research has identified multiple pathways through 
which race, ethnicity, and culture may influence youth 
smoking. Among other factors, patterns of youth smok-
ing across racial and ethnic groups have been linked to 
processes of acculturation, racial/ethnic discrimination, 
ethnic identity, and cultural norms. Across several immi-
grant groups in the United States, tobacco use among ado-
lescents increases as the groups acculturate to U.S. ways 
of living (Epstein et al. 1998; Chen et al. 1999a,b; Unger 
et al. 2000; Kaplan et al. 2001; Bethel and Schenker 2005; 
Weiss and Garbanati 2006; Choi et al. 2008). Compared 
with adolescents who are more oriented toward their 
families’ culture of origin, adolescents who speak English, 
embrace the individualistic culture of the United States, 
and prefer U.S. media and customs are more likely to use 
tobacco (Lara et al. 2005). Among several ethnic minority 
groups, perceptions of discrimination are associated with 
an increased risk of smoking (Landrine and Klonoff 2000; 
Harris et al. 2006; Borrell et al. 2007; Chae et al. 2008; 
Horton and Loukas in press), perhaps because people 
are attempting to reduce the resulting emotional stress 
through self-medication. Conversely, ethnic pride was 
found to protect against smoking among African Ameri-
can youth (Wills et al. 2007), and a strong ethnic identity 
was found to be associated with a lower risk of tobacco 
use among youth in several ethnic/racial minority groups, 
including African Americans and Hispanics (Brook et al. 
2007).

A person’s subjective experiences of cultural identity 
and corresponding place in society may also be associated 
with whether and how often they use tobacco. Cultural 

norms against youth smoking within the African Ameri-
can community are thought to contribute to lower rates 
of youth smoking in this subgroup (Mermelstein 1999; 
Ellickson et al. 2004; Skinner et al. 2009; Oredein and 
Foulds 2011). For example, Clark and colleagues (1999) 
found that antitobacco socialization practices were more 
common in African American families than in White 
families. Relative to White households, African American 
households were more likely to set clear ground rules 
about smoking and to have had discussions with their 
children about these rules. Furthermore, Xue and col-
leagues (2007) found that African American youth liv-
ing in predominantly African American neighborhoods 
were less likely to smoke than those living in predomi-
nantly White neighborhoods, suggesting that cultural 
norms in the African American community may operate 
to constrain youth smoking. Unfortunately, the adoles-
cent advantage seen among African American youth with 
regard to smoking behavior is not carried into adulthood 
(Gardiner 2001). 

As noted in Chapter 3, African Americans are more 
likely to smoke menthol cigarette brands than other 
major subgroups. The reasons probably include several 
factors (Allen and Unger 2007; Tobacco Products Scien-
tific Advisory Committee 2011). First, the tobacco indus-
try has advertised menthol cigarettes directly to African 
Americans by associating them with attractive or popu-
lar African American role models, including jazz and 
rap musicians (Gardiner 2004). Second, some African 
Americans may associate the taste and smell of menthol 
with folk remedies (e.g., menthol rubs and treatments 
for sore throat) that are popular in the southern United 
States. This association between menthol and folk medi-
cine may cause some African Americans to believe, erro-
neously, that menthol cigarettes are less harmful than 
nonmenthol cigarettes (Castro 2004). Tobacco advertising 
perpetuates this belief by labeling menthol cigarettes as 
“cool” and “smooth.” Third, because smoking menthol 
cigarettes has become normative among African Ameri-
cans, some members of this minority group may smoke 
mentholated brands simply because their parents or older 
siblings smoked them or because they are readily avail-
able at home and from friends. The result perpetuates the 
stereotype that menthol cigarette brands are for African 
Americans, even among those who are several generations 
removed from the culture in which menthol was used 
medicinally. 

Among youth in the United States, American Indians 
and Alaska Natives have the highest prevalence of tobacco 
use among all racial/ethnic subgroups (see Chapter 3), 
with usage rates comparable to those of adult American 
Indians and Alaska Natives (Hodge 2001). Traditionally, 
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American Indians have used tobacco in ceremonial prac-
tices to protect and heal sick individuals and, as a ceremo-
nial tool, it is important in ritualistic exchanges used for 
social and peaceful purposes. This population also uses 
tobacco as an educational tool and often links it with sto-
rytelling (Hodge 2001). Strong social norms within these 
communities may support tobacco use, which can be even 
more of a problem when these communities, or individu-
als within them, are relocated to urban environments 
(Hodge and Nandy 2011). However, unlike the studies 
noted above for other populations, ethnic pride may not 
protect against tobacco use in this subgroup (LeMaster et 
al. 2002; Yu et al. 2005). It is also important to note that in 
epidemiologic and etiologic studies of tobacco use among 
American Indian and Alaska Native youth, “recreational” 
use of tobacco is typically not separated from ceremonial 
use in the design of the research study. Rather, the out-
come variable in these studies is simply current (i.e., in 
the past 30 days) use of tobacco products (LeMaster et al. 
2002; Yu et al. 2005; Osilla et al. 2007; Beebe et al. 2008; 
Yu 2011), and may overlook important differences in the 
etiology of tobacco use for these groups.

Cultural norms influence smoking in numerous 
other cultures as well. For example, in China, cigarettes 
are typically offered to guests as gifts, and refusing ciga-
rettes is viewed as impolite. In that country, men and 
adolescent boys smoke together after meals as a way of 
cementing social bonds (Pan 2004; Chen et al. 2006; Gre-
nard et al. 2006; Weiss et al. 2006). In addition, Western-
ization of developing countries, such as India, has been 
associated with more tobacco use (Stigler et al. 2010).

Gender

As discussed in Chapter 3, among adolescents there 
are only small differences by gender in the prevalence of 
cigarette smoking. In contrast, far larger differences are 
seen for two other forms of tobacco use. Boys are 4 to 10 
times as likely as girls to have used smokeless tobacco in 
the past month (depending on age), and they are twice as 
likely as girls to have smoked cigars in the past month 
(Substance Abuse and Mental Health Services Administra-
tion [SAMHSA] 2009; Eaton et al. 2010; Johnston et al. 
2011a). Differences between the genders in the prevalence 
of tobacco use also exist worldwide, but the magnitude 
of the disparities varies across countries (Warren et al. 
2008). According to the 2000–2007 Global Youth Tobacco 
Surveys (GYTS), the prevalence of cigarette smoking was 
significantly higher among boys (than girls) in Africa, the 
Eastern Mediterranean, Southeast Asia, and the Western 
Pacific but not in the Americas and Europe. Among 151 
GYTS sites, 87 showed no differences in cigarette smoking 
between the genders, 59 demonstrated a higher prevalence 

among boys, and 5 revealed a higher prevalence among 
girls. Boys were significantly more likely than girls to 
report using other tobacco products—pipes, water pipes, 
smokeless tobacco, and bidis—in the Americas, Europe, 
and Southeast Asia, but differences between the genders 
in the use of other tobacco products were not significant 
in other regions.

Qualitative and quantitative studies conducted in 
several cultural groups—including Indonesian adoles-
cent boys (Ng et al. 2007), Korean American men (Kim 
et al. 2005), and Vietnamese young adults (Morrow et al. 
2002)—indicate that smoking is viewed as a sign of man-
hood while being seen as inappropriate for females. In 
Europe, a study of three generations of women residing 
in Scotland found that those born in the 1950s associated 
smoking with femininity, but women born in the 1930s 
and 1970s did not (Hunt et al. 2004). This suggests gen-
erational fluctuations in gender-related norms, but other 
interpretations are possible.

As immigrant groups acculturate to the United 
States, gender-related differences in smoking prevalence 
for these groups may begin to diminish, often because 
increases are observed among females but not among 
males. For example, some research has found that accul-
turation is associated with an increase in smoking among 
Hispanic girls but not among boys (Epstein et al. 1998), 
and increases have been observed among Asian American 
girls but not among boys (Weiss and Garbanati 2006; Choi 
et al. 2008; Zhang and Wang 2008).

Socioeconomic Status

The SES of youth is derived from such measures as 
parental income or occupation, parental education, and 
access to resources. Population-based studies typically 
use indicators of SES (e.g., education or income) or self-
reported measures (e.g., perceived social class or wealth 
relative to others), or both, to measure SES. Some studies 
also use measures of neighborhood- or school-level SES 
as the basis for individual SES. 

Numerous studies worldwide have assessed the 
association between SES and smoking among adults and 
youth. Low SES has been associated with a high preva-
lence of smoking in population-based studies in France 
(Baumann et al. 2007), Germany (Haustein 2006), India 
(Neufeld et al. 2005; Thankappan and Thresia 2007; Mathur 
et al. 2008), and the United States (Flint and Novotny 
1997). Moreover, even after controlling for individual-
level sociodemographic factors, several studies found that 
the prevalence of smoking was highest in low-income 
neighborhoods in the the Czech Republic (Dragano et al. 
2007), Germany (Dragano et al. 2007), New Zealand (Bar-
nett 2000), the United Kingdom (Kleinschmidt et al. 1995; 
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Shohaimi et al. 2003), and United States (Cubbin et al. 
2001; Tseng et al. 2001; Chuang et al. 2005a,b; Datta et al. 
2006; Stimpson et al. 2007). 

A growing body of evidence suggests that social and 
organizational characteristics of disadvantaged neighbor-
hoods may contribute independently to higher rates of 
smoking, above and beyond the aggregate demographic 
profile of the community’s residents. The “area effect” of 
smoking has been documented in both national and inter-
national studies (Kleinschmidt et al. 1995; Reijneveld 
1998; Duncan et al. 1999). However, few studies have 
directly examined area effects in relation to youth and 
young adults. Some studies have found that low SES at the 
neighborhood level (based on income level by U.S./Canada 
Census block group) or school level was associated with 
an increased risk of adolescent smoking (Scarinci et al. 
2002; Scragg et al. 2002; Matheson et al. 2011). Another 
study (Lee and Cubbin 2002) found that individual-level, 
but not neighborhood-level, SES was inversely associated 
with the prevalence of adolescent smoking. In contrast, 
one study (Chuang et al. 2005b) found that adolescents in 
low-SES neighborhoods had a low prevalence of smoking 
because they received more parental monitoring. Neigh-
borhood characteristics such as social capital (i.e., com-
munity cohesion, civic engagement, social ties) have also 
been examined in relation to smoking. Evans and Kutcher 
(2010) examined the role of social capital in buffering the 
effects of neighborhood deprivation on youth smoking 
outcomes. They found that youth living in low-income 
communities with high levels of social capital had no 
excess risk of smoking compared to their more affluent 
counterparts. Conversely, Matheson and colleagues (2011) 
found that the effect of neighborhood-level deprivation on 
youth smoking risk was more pronounced among youth 
with a strong sense of community belonging, suggest-
ing that in some cases community norms in disadvan-
taged neighborhoods may function to promote smoking  
behavior.

The association between SES and adolescent smok-
ing may be moderated by racial, ethnic, and cultural fac-
tors. For example, in the National Longitudinal Study of 
Adolescent Health, neighborhood poverty was a risk fac-
tor for smoking among White, but not Black, adolescents 
(Nowlin and Colder 2007). In a similar analysis of data from 
the National Longitudinal Study of Adolescent Health, 
Goodman and Huang (2002) found that low SES was a 
risk factor for smoking among White adolescents but that 
high SES was a risk factor for smoking among non-White 
adolescents. In a study of adolescents in Ontario, Canada 
(Georgiades et al. 2006), low SES at the family level was a 
risk factor for smoking among adolescents, but this asso-
ciation was limited to native-born Canadians.

Although one assumes that low SES increases 
smoking rates, the relationship may actually be bidirec-
tional, with early smoking leading to the attainment of 
low SES. For example, in a longitudinal study in Finland 
(Paavola et al. 2004), parents’ SES was not a risk factor for 
adolescents’ smoking behavior at age 13 years, but early 
smoking was a risk factor for adolescents’ own low SES in 
the future (at ages 21 and 28 years). Early smoking also 
appeared to predict educational attainment later in life. 
For example, persons who smoked by age 13 years showed 
lower educational attainment by the age of 28 years.

Several studies have associated adolescents’ access 
to spending money with their risk of smoking (e.g., Dar-
ling et al. 2006; Wong et al. 2007). A study of adolescents 
in Ontario, Canada (Wong et al. 2007), found that com-
pared with students who had less than $10 in spending 
money per week, students with more than $20 per week 
were significantly more likely to be experimental smokers, 
students with more than $30 per week were significantly 
more likely to be current smokers, and students with more 
than $60 per week smoked significantly more cigarettes 
per day. In a New Zealand study (Scragg et al. 2002), stu-
dents in low-SES schools reported receiving more spend-
ing money than students in high-SES schools, and their 
possession of spending money was a risk factor for smok-
ing. In addition, adolescents who held jobs while going to 
school were found to have an increased risk of smoking 
(Wu et al. 2003), possibly because they had money to buy 
cigarettes or were influenced by their coworkers to smoke, 
or both.

Economic stress within a family may also be a risk 
factor for smoking. Unger and colleagues (2004) found 
that job loss by a parent predicted subsequent smoking 
among adolescents during a 1-year period. Other studies 
have found that unemployment (Haustein 2006) and self-
reported financial stress in the household (Siahpush et al. 
2003) were risk factors for smoking among adult family 
members, which might then affect children in the house-
hold. Employment status also represents a key risk factor 
for smoking among young adults. Young adults who are 
unemployed are more likely to be current, daily, and heavy 
smokers (Novo et al. 2000; Merline et al. 2004; Lawrence 
et al. 2007).

Educational and Academic Achievement

Among children and adolescents, low academic 
achievement is associated with smoking. Several stud-
ies have found that middle and high school students who 
smoked had lower grades than those who did not smoke 
(Dewey 1999; Sutherland and Shepherd 2001; Diego et 
al. 2003; Scal et al. 2003; Cox et al. 2007; Forrester et al. 
2007; Tucker et al. 2008). In one study, this association 
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appeared to be bidirectional, with poor grades preceding 
the onset of smoking and smoking preceding poor grades 
(Tucker et al. 2008). Youth who experience difficulties in 
school may also feel less connected to their school than 
do their high-achieving peers, putting them at greater 
risk for smoking. Connectedness with school (e.g., com-
mitment to school, good relationships with teachers, and 
a feeling of belonging in school) (Libbey 2004) has been 
consistently associated with a reduced risk of smoking in 
the literature (Battistich and Hom 1997; Dornbusch et al. 
2001; Scal et al. 2003; Dierker et al. 2004; Rasmussen et al. 
2005; Bond et al. 2007).

Among young adults, college students have a lower 
prevalence of smoking than their peers who do not attend 
college. For example, in the 2003 Tobacco Use Supple-
ment to the Current Population Survey (Green et al. 
2007), current smoking prevalence among 18- to 24-year-
olds who were enrolled in college or had college degrees 
was 14%, compared with 30% among those who did not 
attend college. In addition, those who did not go to college 
initiated smoking at younger ages and were less likely to 
have made quit attempts. According to the 2010 Monitor-
ing the Future study (Johnston et al. 2011b), only 3.9% of 
college students reported smoking one-half pack or more 
of cigarettes per day, compared with 15.0% of their peers 
not in college. The disparity in smoking rates between col-
lege students and those not in college appears to precede 
actual college attendance. In their report, Johnston and 
colleagues (2011a) also found that the prevalence of smok-
ing one-half pack of cigarettes or more per day was three 
times as high among high school seniors who were not 
planning to attend college (12%) as it was among seniors 
planning to attend college (3.1%). Table 4.1 demonstrates 
a strong relationship between educational attainment and 
smoking, with 57.0% of school dropouts aged 16–19 years 
estimated to be current smokers versus an estimate of 
18.6% for those who remained in school (data are from 
2006−2010).

School Environment

Youth spend approximately one-third of their time 
in the school environment (Hofferth and Sandberg 2001). 
The school setting is frequently used to educate youth 
about the risks of tobacco use and to implement anti-
tobacco policies. See Chapter 6 (“Efforts to Prevent and 
Reduce Tobacco Use Among Young People”) for a compre-
hensive discussion of school-based prevention program-
ming. The current discussion is limited to features of the 
school environment that either promote or protect against 
youth smoking behavior. One such feature is the tolerance 
of smoking activity among students or teachers anywhere 
on the school grounds (Sussman et al. 1995; Ennett et 

al. 1997; Poulson et al. 2002). Youth who witness adoles-
cents or adults smoking in public (e.g., school) are more 
likely to perceive smoking as a socially acceptable behav-
ior (Alesci et al. 2003). In this regard, perceptions of preva-
lent tobacco use on school grounds may promote social 
norms that encourage smoking uptake and persistence. 
Studies comparing schools with high versus low smoking 
rates have found that attending a school with a relatively 
high smoking rate increases susceptibility to smoking 
among nonsmoking students (Leatherdale et al. 2006) 
and increases the odds of ever smoking and current smok-
ing (Ennett et al. 1997; Leatherdale and Manske 2005; 
Leatherdale et al. 2005). School-based antitobacco poli-
cies provide school officials with a mechanism to create 
a tobacco-free school environment and reduce perceived 
acceptability of smoking (USDHHS 1994). A growing 
body of evidence suggests that school smoking restric-
tions can curb youth smoking behavior, both on and off 
school premises, when strictly enforced (Evans-Whipp et 
al. 2004). Studies have shown that consistent enforcement 
of school tobacco policies results in fewer observations 
of smoking on school grounds, as well as lower rates of 
ever smoking and current smoking (Wakefield et al. 2000; 
Griesbach et al. 2002; Piontek et al. 2008; Adams et al. 
2009; Lipperman-Kreda et al. 2009; Lovato et al. 2010). 
Importantly, Leatherdale and colleagues (2005; Leather-
dale and Manske 2005) noted that social influences (e.g., 
peer smoking, parental smoking) and school factors (e.g., 
school smoking prevalence) make independent contribu-
tions to youth smoking behavior and thus recommend 
that interventions target both at-risk schools and at-risk 
students. 

Schools are regulated by laws and policies at 
national, state, district, and school levels. Thus, a district 
may have more stringent or specific policies than the state 
in which it resides. Further, individual schools may imple-
ment policies beyond those required by the state or dis-
trict. CDC’s School Health Policies and Programs Study, 
which collects data on school policies from all states and 
representative samples of school districts and schools 
every 6 years, shows that the majority of states (90.2%) 
and districts (99.4%) prohibited cigarette smoking by 
students in school buildings in 2006 (Jones et al. 2007). 
However, fewer prohibited cigarette smoking by faculty 
and staff in school buildings (74.5% of states and 94.3% of 
districts). Further, the prevalence of restrictions on smok-
ing in other settings and smokeless tobacco use was lower. 
Only 38.0% of states and 55.4% of sampled districts pro-
hibited all tobacco use during any school-related activity. 
Similarly, 63.6% of schools (elementary, middle, and high 
schools) prohibited all tobacco use during school-related 
activities in 2006.
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Table 4.1 Prevalence of smoking in previous month among adolescents aged 16–19 years who have not completed 
12th grade, by enrollment status in school; National Survey on Drug Use and Health (NSDUH) 2006–
2010; United States

   Enrolled in school but have not 
completed 12th grade

% (95% CI)

Not currently enrolled in school and 
have not completed 12th grade

% (95% CI)

Overall 18.6 (18.1–19.1) 57.0 (54.9–59.2)

Gender      

     Male 19.6 (18.9–20.4) 60.1 (57.2–62.9)

     Female 17.4 (16.7–18.1) 52.6 (49.4–55.7)

Age (in years)      

     16 14.1 (13.5–14.8) 46.0 (37.7–54.5)

     17 18.9 (18.1–19.7) 52.3 (47.9–56.7)

     18 26.1 (24.7–27.6) 58.9 (55.2–62.4)

     19 38.4 (34.1–42.9) 58.5 (55.3–61.6)

Race/ethnicity      

     White 22.0 (21.4–22.7) 71.1 (68.5–73.6)

        Male 22.5 (21.6–23.5) 72.1 (68.5–75.4)

        Female 21.5 (20.6–22.4) 69.8 (66.1–73.3)

     Black or African American 11.1 (10.1–12.2) 48.3 (43.2–53.4)

        Male 13.5 (12.0–15.2) 53.9 (46.9–60.8)

        Female 8.5 (7.3–9.9) 38.8 (31.5–46.6)

     Hispanic or Latino 15.1 (14.0–16.3) 38.2 (34.3–42.2)

        Male 17.2 (15.5–19.0) 44.9 (39.7–50.3)

        Female 12.8 (11.3–14.5) 27.1 (21.7–33.2)

     Othera 15.1 (13.4–17.1) 65.2 (55.1–74.1)

        Male 15.4 (13.1–18.0) NR

        Female 14.8 (12.4–17.6) NR

Last grade completed      

     9th or lower 17.1 (16.1–18.2) 52.3 (48.6–55.9)

     10th 16.4 (15.7–17.2) 57.2 (53.5–60.9)

     11th 21.2 (20.4–22.1) 61.5 (58.1–64.9)

Source:  2006–2010 NSDUH: Substance Abuse and Mental Health Services Administration (unpublished data).
Note:  CI = confidence interval; NR = low precision, no estimate reported.
aIncludes Asians, American Indians or Alaska Natives, Native Hawaiians or Other Pacific Islanders, and persons of two or more races/
ethnicities. 

In addition to school characteristics, increasing 
attention is being paid to the role of contextual factors 
within the school neighborhood. Density of tobacco 
outlets in proximity to schools has been investigated as 
a possible risk factor for youth smoking. Henriksen and 
colleagues (2008) found that the prevalence of smok-
ing was 3.2 percentage points higher among students in 

schools with the highest density of surrounding tobacco 
retailers compared with students in schools without any 
tobacco retail outlets. Chan and Leatherdale (2011) found 
that the number of tobacco retailers surrounding a school 
increased students’ susceptibility to future smoking. 
Leatherdale and Strath (2007) found a positive associa-
tion between the density of tobacco retailers surrounding 
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a school and the likelihood that underage minors would 
purchase their own cigarettes. Between-school variabil-
ity in smoking prevalence has also been associated with 
exposure to tobacco industry promotional and advertising 
activities in school neighborhoods. Tobacco retail outlets 
located near schools with higher smoking prevalence had 
significantly lower cigarettes prices, fewer government-
sponsored health warnings, and more in-store tobacco 
promotions, relative to those located near schools with 
lower smoking prevalence (Lovato et al. 2007).

Extracurricular and Organized Activities

Adolescents’ normative development often includes 
participation in a wide range of organized group activi-
ties (e.g., athletics, school clubs, extracurricular) (Dye 
and Johnson 2006; Mahoney et al. 2006). Empirical stud-
ies have been conducted to examine the effects of dif-
ferent organized activities on adolescents’ involvement 
in substance use, including cigarette smoking. Overall, 
participation in organized group activities appears to be 
protective against youth tobacco use (Elder et al. 2000). 
In particular, team sports involvement has been linked 
to lower levels of adolescent cigarette smoking (Page 
et al. 1998; Melnick et al. 2001), with consistent sports 
involvement (involvement over consecutive years) having 
a greater influence on smoking behavior than does inter-
mittent participation (Rodriguez and McGovern 2004). 
In one of the only prospective studies of activity involve-
ment using multiple waves of data (baseline, 15 months, 
and 24 months), Metzger and colleagues (2011) examined 
the relation between involvement in organized activities, 
problem peer associations, and smoking escalation among 
a sample of experimenting smokers. Participation in team 
sports directly reduced smoking behavior among current 
users for boys but not for girls. Among girls, participation 
in school clubs indirectly reduced smoking behavior via 
reduced exposure to problem peers. 

Large Physical Environment

The large physical environment, or built environ-
ment, involves features of public and private spaces that 
may make tobacco use more or less tolerated or enjoy-
able. Features of the environment that promote smok-
ing include the tolerance of this activity in public spaces; 
proximity to entertainment, recreation, and social inter-
action; and locations that are relatively unlikely to be 
monitored by adults. In contrast, two of the major goals of 
antismoking policies (beyond the protection of nonsmok-
ers from exposure to secondhand smoke) are to establish 
antismoking social norms and to discourage smoking by 

forcing smokers to refrain from smoking in indoor public 
places, including indoor workplaces and public housing 
(Epstein et al. 1999; Levy and Friend 2001; Winickoff et 
al. 2010). Thus, increases in smoke-free indoor-air policies 
have logically helped to recast smoking as an activity that 
can be performed only in specific areas that are typically 
segregated from entertainment and business locations 
(Gilpin et al. 2004). Restrictions may create perceptions 
of social disapproval among both adults and youth, and 
structuring the physical environment to make it inconve-
nient for youth to smoke may influence them to not take 
up tobacco use (Alamar and Glantz 2006).

Another important aspect of the physical environ-
ment is the relative accessibility of tobacco products. Strict 
enforcement of policies that ban retail sales of cigarettes 
to minors, sales of cigarettes using vending machines, and 
other means by which youth can gain access to tobacco 
in the commercial setting can limit their opportunities 
to obtain these products (Jason et al. 1996, 2008; Rigotti 
et al. 1997; Stead and Lancaster 2000). The influence of 
tobacco industry practices is considered in great detail in 
Chapter 5. Here, tobacco advertising is considered only 
briefly. The Master Settlement Agreement from 1998 
severely restricted cigarette and smokeless tobacco adver-
tising in several venues, including billboards and print 
media, that have substantial youth readership (Ruel et al. 
2004), but tobacco advertising is still ubiquitous in many 
other venues, such as convenience stores, grocery stores, 
and bars, and in magazines (Pierce 2007; National Cancer 
Institute [NCI] 2008). In addition to signs that advertise 
specific cigarette brands, tobacco advertising can appear 
on functional items that are distributed to store owners, 
such as trash cans or change trays near cash registers, 
napkins and decorations in bars, and logos on race cars 
or sports uniforms (CDC 2008). (While still subject to a 
legal challenge, the FDA rule prohibits the distribution of 
cigarette or smokeless tobacco branded functional items, 
and it prohibits brand name sponsorship of athletic events 
or teams [Federal Register 1996; 2010]). Thus, even after 
the Master Settlement Agreement, opportunities for expo-
sure to tobacco brand names and images are widespread. 
Numerous studies have found that youth who recall more 
exposure to tobacco advertising are more likely to experi-
ment with smoking or to hold favorable attitudes toward 
it (DiFranza et al. 2006). Furthermore, a meta-analysis of 
51 studies (Wellman et al. 2006) found that exposure to 
protobacco marketing and media significantly increased 
the odds among youth of holding positive attitudes toward 
tobacco use (odds ratio [OR] = 1.51; 95% confidence inter-
val [CI], 1.08–2.13) as well as the odds of initiating tobacco 
use (OR = 2.23; 95% CI, 1.79–2.77).

Youth are also exposed to tobacco imagery through 
product placements in movies, television shows, and video 



Surgeon General’s Report

438 Chapter 4

games. Exposure to fictional characters who smoke can 
create an exaggerated social norm about the prevalence 
and acceptability of smoking (Sargent et al. 2000). Indeed, 
longitudinal studies have found that adolescents whose 
favorite movie stars smoke on screen or who are exposed 
to a large number of movies portraying smokers are at 
a high risk of smoking initiation (Sargent et al. 2000; 
Distefan et al. 2004). For example, among 10- to 14-year-
old adolescents, those in the highest quartile of exposure 
to smoking in movies were 2.6 times as likely to initiate 
smoking as were those in the lowest quartile (Sargent et 
al. 2005). Tobacco is also promoted to youth on the Inter-
net through social media and online tobacco retailers and 
the informal Web sites and chat rooms that glamorize the 
smoking lifestyle and culture (Ribisl et al. 2003). 

Research on the effects of tobacco advertising 
on smoking behavior is methodologically challenging, 
although recent approaches have provided more valid 
and reliable data than were available in earlier years. Still, 
survey measures of exposure to tobacco advertising may 
be inaccurate. Their validity requires the respondent to 
see an ad, recognize it as a tobacco ad, encode the image 
in memory, and retrieve the image from memory when 
prompted by a survey question (Unger et al. 2001). More-
over, tobacco advertising may affect tobacco-related atti-
tudes and behaviors without the respondent’s conscious 
awareness or recall. To avoid this problem, some studies 
have assessed attitudes about tobacco after having placed, 
and randomly assigned, study participants in artificial 
laboratory settings to view either tobacco advertisements 
or neutral stimuli (e.g., Shadel et al. 2008). These studies 
have internal validity but lack external validity. Another 
approach is to use time-series data to examine the effects 
of bans on tobacco advertising on the subsequent preva-
lence of smoking. A review of 24 such studies (Quentin et 
al. 2007) concluded that, overall, bans on tobacco adver-
tising produce modest decreases in tobacco consumption, 
even though the changes found by the authors were not 
statistically significant for all of the studies. More infor-
mation about the effects of tobacco advertising, promo-
tional activities, and bans on advertising is presented in 
Chapters 5 and 6. 

Summary

The large social environment incorporates numer-
ous macrolevel social processes that affect tobacco use by 
influencing social norms relating to gender role, religion, 
and culture as well as norms for specific segments of the 
population, such as those with low SES or modest edu-
cational attainment. For most of the twentieth century, 

tobacco use was more socially acceptable for men than for 
women in the United States. In recent decades, however, 
such differences between the genders have greatly nar-
rowed, although in most ethnic groups, boys and young 
men are still more likely than girls and young women to 
use certain forms of tobacco (smokeless tobacco, cigars, 
and pipes).

In general, religious participation protects against 
tobacco use. Some religions have specific prohibitions 
against tobacco use, while others encourage certain social 
behaviors to prevent youth from experimenting with sub-
stance use and rebellious actions. American Indians use 
tobacco as a sacred substance, but many tribes attempt 
to maintain a distinction between the sacred use of tradi-
tional homegrown tobacco and the use of commercially 
produced tobacco.

Other chapters in this report present detailed 
information about variations in tobacco use among dif-
ferent racial/ethnic groups. The present chapter points 
out the consistent finding that racial/ethnic pride and a 
strong ethnic identity generally protect against tobacco 
use, but perceptions of racial/ethnic discrimination are a 
risk factor for such use. Additional research is needed to 
understand the psychological and cognitive mechanisms 
through which perceptions of racial/ethnic identity influ-
ence decisions about tobacco use.

The differences in tobacco use between the genders 
are more pronounced in many other countries than they 
are in the United States (Warren et al. 2008). Immigrants 
from such countries bring their norms for gender roles 
with them when they move to the United States, and 
thus, many immigrant groups show a higher prevalence 
of smoking among males than among females. As immi-
grants acculturate, these gender-based differences nar-
row, generally because tobacco use among females often 
increases. Therefore, immigrant girls and young women 
who acculturate to the United States represent a higher-
risk group for tobacco use.

Mainstream U.S. culture has increasingly embraced 
an antitobacco norm. As a result, only about one in five 
American adults now use tobacco, but use is far more 
common among those of low SES or low educational 
achievement. Among adolescents, poor school achieve-
ment is associated with both low SES and tobacco use. 
However, the association between educational achieve-
ment and tobacco use may be bidirectional, or another 
variable, such as risk taking, may influence educational 
attainment while also being tied to smoking. Further-
more, neighborhood-level risk factors may contribute to 
the probability of youth smoking, in excess of the risk con-
ferred by individual-level influences. The large physical 
environment contains features that facilitate or impede 
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tobacco use, including the availability of comfortable and 
convenient places to smoke, the availability of or access 
to tobacco products, and cues from the media to use 
tobacco. In general, the available evidence suggests that 
(1) nonsmoking policies create antismoking social norms 
and decrease smoking behavior, and (2) exposure to proto-

bacco media messages, particularly in movies or advertis-
ing, increases perceptions of the acceptability of smoking 
and thus increases smoking behavior. More details about 
the effects of changes in the larger social and physical 
environments are provided in Chapter 6.

Small Social Groups

The family and peer groups are the two most impor-
tant small social groups in the development of young 
people and their use of tobacco. This section focuses on 
the influence of these social groups on youth and, when 
research is available, on young adults.

Homogeneity of Tobacco Use 
Among Adolescents and Friends

Multiple cross-sectional and longitudinal stud-
ies have shown that peer factors—in particular, friends’ 
smoking behavior and adolescents’ perceptions of their 
friends’ smoking behavior—are associated with adoles-
cents’ own smoking (Conrad et al. 1992; USDHHS 1994; 
Jackson 1997; Tyas and Pederson 1998; Alesci et al. 2003; 
Kobus 2003; Ali and Dwyer 2009; McVicar 2011; Villanti 
et al. 2011). The similarity, or homogeneity, of smok-
ing patterns for adolescents and their friends has led 
many researchers to infer that peers influence adolescent 
smoking (Bauman and Ennett 1996; Kobus 2003; Arnett 
2007). The mechanism of influence most often postulated 
is social learning (Bandura 1977b; Petraitis et al. 1995), 
whereby adolescents learn about tobacco use by observ-
ing peers who use tobacco and are reinforced for using 
tobacco by perceiving apparent advantages, such as gain-
ing acceptance by peers or establishing a particular social 
identity. Other mechanisms of transmission from peers 
are direct pressure to smoke and offers of cigarettes and 
other tobacco products. However, direct peer pressure 
is infrequently documented as a risk factor for smoking 
(Urberg et al. 1990; Sussman et al. 1993; Hoving et al. 
2007). Adolescents are more likely, however, to obtain cig-
arettes from peers than from adults or through commer-
cial transactions (Harrison et al. 2000; Forster et al. 2003; 
White et al. 2005; Robinson et al. 2006a), and youth who 
reported receiving offers of cigarettes from friends were 
more likely to initiate smoking and progress to experi-
mentation (Flay et al. 1998). 

Cross-sectional studies cannot reveal whether youth 
are influenced to smoke by their friends or whether they 
choose friends on the basis of their smoking status (Bau-
man and Ennet 1996; Kobus 2003; Arnett 2007). Longi-
tudinal studies, however, demonstrate that having friends 
who smoke is a consistent predictor of tobacco use: youth 
who report having more friends who smoke (than friends 
who do not smoke) are more likely to have initiated or to 
subsequently initiate smoking (Flay et al. 1994; Jackson et 
al. 1998; Scal et al. 2003) or to progress to higher levels of 
smoking (Wang 2001; Dierker et al. 2004; Audrain-McGov-
ern et al. 2006a–c). Also, perceptions of friends’ smoking 
predict developmental trajectories of smoking (Chassin 
et al. 2000; Audrain-McGovern et al. 2004; Abroms et al. 
2005), and according to both cross-sectional (Boyle et al. 
1997) and longitudinal (Tomar and Giovino 1998) studies, 
youth who perceive that their peers use smokeless tobacco 
are at increased risk of using that product.

Two studies (Killen et al. 1997; Urberg et al. 1997) 
found that having friends who smoke influences the ini-
tiation of smoking among both adolescent boys and girls, 
and two other studies (Hu et al. 1995; Flay et al. 1998) 
found the effects of friends’ smoking to be stronger for 
girls than for boys. In addition, friends’ smoking may be 
more salient for White than for Black youth (Headen et 
al. 1991; Landrine et al. 1994; Robinson et al. 2006b), 
although several studies observed common effects of 
friends’ smoking on White and minority youth (Flay et al. 
1994; Gritz et al. 2003; Kandel et al. 2004).

According to two studies (Chassin et al. 1986; Bau-
man et al. 2001), the influence of friends’ smoking on 
progression of smoking stage remains constant through-
out adolescence, although some studies suggest that peer 
influence may decrease as the levels of prior smoking by 
the adolescent increase (Hu et al. 1995), with transitions 
in smoking stage (Flay et al. 1998; Bricker et al. 2006b), 
and during later stages of adolescence (Chassin et al. 2000; 
Tucker et al. 2003).

Furthermore, several studies have suggested that 
the influence of friends’ smoking fails to predict initia-
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tion of smoking in young adulthood (Ellickson et al. 2001; 
Choi et al. 2003; Tercyak et al. 2007; White et al. 2007), 
but the findings of these studies have been inconsistent. 
Several other studies observed no influence of friends’ 
smoking on various measures of smoking in young adults 
(Oygard et al. 1995; Brook et al. 1997; Wetter et al. 2004; 
Patton et al. 2006), but other studies did observe such an 
influence (West et al. 1999; Andrews et al. 2002; Hu et 
al. 2006; Pederson et al. 2007; Tucker et al. 2008). Expla-
nations for the mixed findings may rest on differences in 
the smoking measures examined (e.g., current smoking, 
daily smoking, nicotine dependence) and the timeframe 
for measuring the influence of friends’ smoking, whether 
adolescence or closer to young adulthood. West and col-
leagues (1999), for example, found that friends’ smoking 
at 18 years of age, but not at 15 years of age, predicted 
smoking among young adults between the ages of 18 and 
21 years. Overall, however, studies suggest that friends’ 
smoking may be less relevant to the initiation and pro-
gression of smoking during young adulthood than during 
adolescence.

Disapproval among one’s peers is one of the few 
peer factors, other than friends’ smoking, that longitudi-
nal studies have examined in both adolescents and young 
adults. In general, adolescents who perceive that their 
friends disapprove of smoking are less likely than their 
peers (who perceive that their friends approve of smoking) 
to initiate smoking (Chassin et al. 1986; Wang et al. 1999; 
Gritz et al. 2003). However, some studies have found no 
effects of peer disapproval on initiation (Flay et al. 1994; 
Carvajal and Granillo 2006). A longitudinal study of college 
students found that peer disapproval predicted decreased 
progression in smoking but not its initiation (Choi et al. 
2003). Another study, however, found no effects of peer 
disapproval of smoking on transition to regular smoking 
between grade 12 and 23 years of age (Tucker et al. 2003).

Most longitudinal studies of tobacco use among 
youth have not measured changes in friendships or 
tobacco use by friends. Clearly, these data are needed 
to assess the contribution of selection of friends to the 
homogeneity of tobacco use among adolescents and their 
friends. Evidence dating from the late 1970s and 1980s 
suggests that adolescents are influenced to smoke by 
their friends and to select friends with similar tobacco 
use (Cohen 1977; Fisher and Bauman 1988). Fisher and 
Bauman (1988) examined the contributions of selection of 
friends and socialization (influence by friends) to homo-
geneity of cigarette smoking in adolescent friendship 
pairs; the authors collected linked information about the 
identity of friends and daily smoking from seventh and 
ninth graders at two time points 1 year apart. Selection 
effects, with smokers acquiring friends who smoked and 
nonsmokers acquiring friends who did not, were stronger 

than the effects of socialization as reflected by smokers 
influencing nonsmoking friends to smoke. 

In a cohort of students assessed five times from 
grades six to nine, Simons-Morton and colleagues (2004) 
used growth modeling methods to examine relationships 
between the progression of smoking stage and affilia-
tion with friends who smoked. Findings were consistent 
with the idea of selection effects but not with socializa-
tion effects; that is, adolescents with higher initial levels 
of smoking acquired over time more friends who smoked, 
but having friends who smoked did not predict progres-
sion in smoking. Similarly, in a cohort of 6,527 adoles-
cents surveyed at the ages of 13, 16, 18, and 23 years, 
Tucker and colleagues (2008) estimated adolescents’ and 
their friends’ cigarette smoking (as well as parental smok-
ing and approval of smoking). The study found reciprocal 
associations between smoking by youth and smoking by 
their peers. In support of the concept of selective affilia-
tion, having friends who smoked was predicted at all ages 
by prior smoking of the adolescent, but smoking by peers 
(socialization) predicted smoking among young people 
only when adolescents reached 23 years of age. 

Other longitudinal studies on similarities in ciga-
rette smoking within friendship groups or among friends 
have found evidence for both selection and socialization 
processes, with the two processes contributing about 
equally (Ennett and Bauman 1994; Mercken et al. 2007; 
Go et al. 2010), or with stronger evidence for selection 
than for socialization effects (Engels et al. 1997, 1999, 
2004; Wang et al. 2000; de Vries et al. 2006; Hoffman et al. 
2007; Mercken et al. 2009, 2010 ). In one of the few stud-
ies of selection and socialization processes among college 
students, McCabe and colleagues (2005) found that cur-
rent cigarette use was higher among fraternity and soror-
ity members than among students who did not belong to 
these organizations but that the difference could be attrib-
uted to selection effects rather than to the influence of 
membership.

For adolescents, both selection (of friends) and 
socialization likely contribute to the homogeneity of 
tobacco use among friends. For example, Hall and Valente 
(2007), using social network methods to explore peer 
influence (socialization) and peer selection simultane-
ously, demonstrated effects of the selection of friends (i.e., 
choosing relatively more friends who smoked) in sixth 
grade on smoking behavior in seventh grade. At the same 
time, processes of influence (in this case being selected 
as a friend by relatively more smokers) in the sixth grade 
shaped the peer environment in the seventh grade and 
increased susceptibility to smoking in that grade. 

An important implication of the findings on the 
contribution of selection of friends to the homogeneity of 
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tobacco use among peers is that when adolescents’ inclina-
tion to select friends similar to themselves with regard to 
smoking is not considered, whether in cross-sectional or 
longitudinal studies, the effects of peer influence through 
selection may be overstated. At the same time, when the 
role of peer influence through selection is inflated, explan-
atory variables in the social environment other than selec-
tion of friends (e.g., characteristics of one’s family as well 
as tobacco advertising and other attributes of the media) 
may be inappropriately discounted (Bauman and Ennett 
1996; Kobus 2003; de Vries et al. 2006; Arnett 2007).

Aside from the selection and socialization processes, 
external factors may account for some similarities in 
tobacco use among adolescent friends. Adolescent friend-
ships align along demographic, behavioral, and attitudi-
nal characteristics, with the background characteristics of 
race/ethnicity, gender, and age or grade in school forming 
the largest divides (Kandel 1978; Shrum and Creek 1987; 
McPherson et al. 2001). Eiser and colleagues (1991) found 
that youth between the ages of 11 and 16 years strongly 
resembled their three matched friends on smoking behav-
ior, background attributes, and a range of other attitudinal 
and behavioral characteristics. Future studies should con-
tinue to use analytic models that control for background 
and other shared characteristics to accurately assess the 
contributions of peers to tobacco use.

Interaction-Based Versus  
Identity-Based Peer Groups

Assessing the role of peers in tobacco use has become 
increasingly complicated because adolescents interact 
(network) within multiple peer groups and these multiple 
interactions may generate different personal perceptions 
within each group network (Brown 2004). Investigating 
interaction-based social networks is a relatively recent 
but growing area of inquiry in adolescent tobacco use and 
is accomplished by analyzing friendship linkages (Kobus 
2003; Valente et al. 2004; Ennett et al. 2006). In contrast, 
studies of peer group identification have a long history in 
research on tobacco use among youth and demonstrate 
that adolescents’ perceptions of their peers’ and their own 
social identity are related to tobacco use (Sussman et al. 
2007). Both social network and peer group identification 
studies are concerned with relating attributes of the larger 
peer group, typically all same-school peers, to adolescent 
tobacco use. When the larger peer network is the focus, 
investigating adolescent social position, social stand-
ing, reputation, and perceived norms becomes a salient  
consideration.

Peer Social Networks

Most social network studies of tobacco use among 
youth measure social networks within schools because 
most friendships are anchored at the school and the school 
is the easiest location in which to measure whole groups 
(Blyth et al. 1982). Youth networks, however, also exist 
outside of schools—in neighborhoods, sports leagues, 
clubs, faith organizations, cyberspace, and other places. 
A social network can be described as the entire set of rela-
tionships identified by adolescents’ naming of other youth 
as friends or best friends. Researchers map these nomina-
tions by youth to discover nonrandom relational patterns 
of direct and indirect links between adolescents and recip-
rocated (mutual friendship) and absent (no friendship) 
linkages. Studies of social networks assume that relational 
patterns have implications for behavior (Wasserman and 
Faust 1994), and social network analysis is a set of tech-
niques with specific mathematical algorithms and asso-
ciated software (Valente et al. 2004). The techniques are 
used to identify and measure the characteristics of rela-
tional patterns, such as the social position of each adoles-
cent in the network or the density of relationships in the 
network (Wasserman and Faust 1994; Valente et al. 2004). 

An advantage of data obtained on social networks is 
that measures of the friends’ tobacco use can be based on 
the friends’ own reports rather than on adolescents’ per-
ceptions of their friends’ use. Adolescents tend to project 
their own tobacco use behavior onto their friends, thereby 
spuriously inflating the similarity in tobacco use between 
adolescents and their friends (Sherman et al. 1983; Bau-
man and Fisher 1986; Urberg et al. 1990; Bauman and 
Ennett 1996). By using social network data, investigators 
can avoid such bias.

From the pattern of friendship links in a social net-
work, adolescents can be categorized into three mutu-
ally exclusive social positions (Shrum and Creek 1987; 
Brown 2004): group members; liaisons or peripherals 
(those who have friendships with adolescents in differ-
ent groups while not belonging to any group); and rela-
tive outsiders or isolates. Analyses of social networks have 
shown groups to be generally homogeneous in smoking 
behavior, whether characterized as predominantly smok-
ing or nonsmoking (Ennett et al. 1994; Urberg et al. 1997; 
Pearson and Michell 2000). However, several studies have 
found that, with some qualifications, adolescents who are 
group members or liaisons are less likely to smoke than 
adolescents who are relative isolates (Ennett and Bauman 
1993; Pearson and Michell 2000; Abel et al. 2002; Fang 
et al. 2003; Pearson et al. 2006). Forming relationships 
with peers may indicate social competence in navigating 
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the school social environment and in one study appeared 
to be protective against smoking when compared with 
social marginalization (Ennett et al. 2008). In support of 
this possibility, multiple studies that did not use social 
network methods have suggested that higher social and 
personal competencies protect against smoking (e.g., Bot-
vin et al. 1993; Jackson et al. 1994; Epstein et al. 2000; 
Finkelstein et al. 2006).

Other studies, however, found that liaisons had 
higher rates of smoking than did relative isolates or 
group members (Henry and Kobus 2007) and that liai-
sons (Ennett and Bauman 1994) and group peripherals 
(Pearson and Michell 2000) with links to smoking groups 
had an increased likelihood of smoking (versus those 
with links to nonsmoking groups). Pollard and colleagues 
(2010) used a multimethod analytic approach to deter-
mine whether adolescents’ friendship network position 
(i.e., group member, liaison, or isolate) predicted mem-
bership in one of six developmental smoking trajectories. 
Belonging to a smoking group, or having ties to a smoking 
group, predicted membership in higher use smoking tra-
jectory groups over a 6-year period. Importantly, network 
position accounted for variance in smoking trajectory 
group above and beyond that which could be explained 
simply by the number of smoking friends. Using a differ-
ent measurement approach, Aloise-Young and colleagues 
(1994) found that group outsiders with a best-friend 
smoker were significantly more likely to become smok-
ers 1 year later than group members with a best-friend 
smoker. Dishion and colleagues (1999) found that youth 
with fewer social skills may gravitate to peers and groups 
characterized by smoking and initiate smoking as a way 
of fitting in. Indeed, several studies point to adolescents’ 
desire for gaining acceptance or approval by their peers as 
a reason for smoking (Barton et al. 1982; Perry et al. 1987; 
NCI 2008).

Social networks are the point of reference for an 
adolescent’s social standing, as indicated by the youth’s 
popularity or centrality. Results of the few social network 
studies that have examined whether elevated standing in 
the social network is associated with smoking have been 
inconsistent, with findings that have found greater popu-
larity to be predictive of smoking initiation (Valente et al. 
2005), no relationship to increases in cigarette smoking 
(Ennett et al. 2006), and a dependence on other attributes 
of the school environment (Alexander et al. 2001; Pearson 
et al. 2006) for its effect on smoking. For example, Alexan-
der and colleagues (2001) found that the level of smoking 
in the school moderated the association between popu-
larity and current smoking, such that greater popularity 
was associated with lower risk of smoking in schools with 
a lower prevalence of smoking but with a higher risk of 
smoking in schools with a higher prevalence of smoking.

Similar to the findings of social network studies, 
studies of sociometric status suggest that smoking is 
influenced by social marginalization and by social impact. 
In studies of sociometric status, youth name the peers 
they like the most and the least, and researchers use the 
choices to classify or rate individuals as popular (well liked 
and not often disliked), rejected (disliked and not often 
liked), neglected (rarely mentioned as liked or disliked), 
controversial (frequently mentioned as liked and disliked), 
or average (Brown 2004). In a longitudinal sample of 7th, 
8th, and 9th graders, youth classified as rejected and con-
troversial were more likely than average youth to report 
lifetime smoking in 7th grade and to begin smoking 1 year 
later, while popular youth were marginally less likely than 
average youth to report ever smoking (Aloise-Young and 
Kaeppner 2005). Similar results were reported in a long-
term study of boys in which the onset of smoking was 
more common in 5th through 10th grades among those 
who, in 4th grade, received more “disliking” than “liking” 
nominations (Dishion et al. 1999) and were classified as 
rejected and isolated (Dishion et al. 1995). Moreover, in a 
long-term longitudinal study of Swedish youth, students 
rated by teachers as unpopular in school were more likely 
to smoke at 16 years of age, and being unpopular during 
adolescence had an indirect effect on smoking in young 
adulthood (Novak et al. 2007). 

Identification with a Peer Group

Adolescents use such factors as perceived popularity, 
academic inclination, participation in athletics, substance 
use, and other behaviors to place themselves and their 
peers into peer groups or “peer crowds” (Brown 2004; 
Sussman et al. 2007). Identifying youth with a particular 
type of peer group, such as “nerds” or “jocks,” makes a 
statement about that individual’s identity within youth 
culture, although it may not reflect direct interactions 
among adolescents in the group.

In an early study of peer group identity, Mosbach and 
Leventhal (1988) found that higher percentages of cur-
rent smoking were reported by seventh and eighth grad-
ers self-identified as “dirts,” who were mainly boys who 
smoked cigarettes, used other drugs, were poor students, 
and engaged in a variety of problem behaviors (62.5% 
prevalence of smoking among this group), and “hotshots,” 
who were popular and academically successful students 
(27.8%), than by “regulars,” who did not belong to any 
group and were typical of junior high students (9.2%), and 
“jocks,” those with a strong interest in organized sports 
(4.3%). Findings from a review of identification research 
in peer groups mirrored these results (Sussman et al. 
2007). This review collapsed group names across studies 
into five general categories of peer groups: elites, athletes, 
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academics, deviants, and others. Among the 14 studies 
that investigated cigarette smoking, 13 found that youth 
in the “deviants” group were most likely to smoke; in the 
remaining study, in which a deviant group was not iden-
tified, students in the “elites” group were most likely to 
smoke. In another analysis of the same 14 studies, “elites” 
were also very likely to smoke, but were not as likely to 
do so as deviants (Sussman et al. 2007). A concern with 
the studies on peer group identity is the possible redun-
dancy in measurement of drug use or smoking stemming 
from the fact that adolescents may use drug behaviors to 
identify and differentiate peer groups. Indeed, in several 
studies, “druggies” were one of the peer groups included 
under the “deviant” classification (Sussman et al. 2007). 
Clearly, if smoking contributes to peer group identity, the 
correlation between peer group identity and smoking will 
be inflated. This issue can be reduced in importance, how-
ever, in longitudinal studies that control for adolescents’ 
prior smoking behavior when predicting smoking from 
peer group identity.

Only two of the studies, one from 1994 and the other 
from 2000, that were reviewed by Sussman and colleagues 
were longitudinal. After adjusting for prior smoking, one 
study found that identification as a member of a deviant 
group predicted cigarette smoking 1 year later (Sussman 
et al. 1994), but no effects were found in the other study 
(Sussman et al. 2000). However, the likelihood of detect-
ing effects on smoking among those self-identified in the 
deviant group may have been compromised by the restric-
tion of the sample to youth already identified as high risk. 
Thus, this sample may have had less variability in deviance 
across peer groups than other samples of youth have had.

Normative Expectations of Peers

A large peer group, typically peers at school, is gen-
erally the reference group that adolescents use to estimate 
the prevalence of smoking among their peers, and this 
is used as an indication of their normative expectations 
about smoking (Sherman et al. 1983; Sussman et al. 1988; 
Botvin et al. 1992b). As with their estimates of smoking by 
close friends, adolescents’ estimates of the prevalence of 
peer smoking reflect to some degree a projection of their 
own behavior in a phenomenon known as the “false con-
sensus effect” (i.e., assuming in error that others do the 
same thing as one does) (Sherman et al. 1983; Bauman 
et al. 1992; Botvin et al. 1992b). Regardless of their own 
smoking status, adolescents tend to overestimate actual 
smoking rates among their peers, and overestimation of 
these rates has predicted the initiation of smoking (Bot-
vin et al. 1992a; Simons-Morton 2002; Forrester et al. 
2007), experimentation (Flay et al. 1998), and progres-
sion in smoking stage (Simons-Morton and Haynie 2003). 

Cunningham and Selby (2007) found that young adult 
smokers exhibited the same tendency to overestimate the 
prevalence of smoking among their peers. Earlier, Ellick-
son and colleagues (2003) conducted a rare study that 
investigated both the actual and perceived school-level 
prevalence of smoking. The study adjusted for individual 
smoking at baseline and reports of close friends’ smoking. 
The findings indicated that the seventh graders’ perceived 
prevalence of smoking, but not the actual prevalence of 
smoking among their peers, predicted smoking 1 year 
later among the seventh graders in this study. The results 
suggest that adolescents’ perceptions of their peers’ smok-
ing matter more to their own smoking behaviors than 
what their peers are actually doing.

Family Context

The family is a source of social, genetic, and biologi-
cal factors (see “Genetic Factors and Neurobiological and 
Neurodevelopmental Processes” later in this chapter), and 
its effects must be assessed as well. As with the peer context, 
the content and quality of interactions between youth and 
their family members, rather than the actions of parents 
alone, contribute to tobacco use among youth. Studies of 
the family context have focused primarily on four factors: 
smoking by parents and older siblings, dimensions of par-
enting behavior, family relationships, and parental reac-
tions to smoking by their children (Conrad et al. 1992; 
Tyas and Pederson 1998; Avenevoli and Merikangas 2003). 

Smoking by parents is the most frequently assessed 
parental risk factor for smoking by youth, given the cen-
tral role that parents serve in young people’s lives, but 
this factor has been assessed much less often in studies 
of young adults. Many studies have found that exposure 
to parental smoking is predictive of the onset, progres-
sion, and developmental trajectories of smoking by youth 
(e.g., Biglan et al. 1995; den Exter Blokland et al. 2004; 
Hill et al. 2005; Brook et al. 2006; Peterson et al. 2006; 
Chassin et al. 2008; Gilman et al. 2009), but other stud-
ies have failed to find any such effects (e.g., Cohen et al. 
1994; Flay et al. 1994; Distefan et al. 1998). In addition, 
several studies suggest that the influence of exposure to 
parental smoking persists into young adulthood (Oygard 
et al. 1995; Chassin et al. 1996, 2000; Brook et al. 1997; 
Hu et al. 2006; Patton et al. 2006; Otten et al. 2011), but 
other studies have found it does not (West et al. 1999; Ped-
erson et al. 2007). The inconsistent findings in studies of 
smoking among youth may be attributable to differences 
in the extent to which such studies have included other 
parenting variables, peer-smoking variables, or perhaps 
other variables (Tyas and Pederson 1998; Avenevoli and 
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Merikangas 2003). Notably, a recent meta-analysis con-
cluded that parental smoking is strongly associated with 
smoking among youth (Leonardi-Bee et al. 2011). The 
effects of parental smoking on smoking among youth 
can be seen in both boys and girls (Andrews et al. 1997), 
but the effects may be stronger for girls (Hu et al. 1995). 
Findings by race/ethnicity are mixed, with several studies 
suggesting that parental smoking may be more salient for 
White than for African American/Black youth (Landrine et 
al. 1994; Hu et al. 1995; Griesler et al. 1998), but Gritz and 
colleagues (2003) drew a different conclusion, that African 
American youth were susceptible to smoking if anyone in 
their household smoked. In addition, Hu and colleagues 
(2006) found that parental smoking may be more impor-
tant for young adults than for youth, and two studies 
found that such smoking may be relatively more impor-
tant for Hispanic youth (Landrine et al. 1994; Griesler 
and Kandel 1998), but Hu and associates (1995) and Gritz 
and coworkers (2003) obtained contrasting results (that 
demonstrated the importance of household smoking 
and youth smoking among Hispanic youth). One study 
found that parental smoking predicted transition to daily 
smoking for three racial/ethnic groups: White, Black, and 
Hispanic adolescents (Kandel et al. 2004). The effects of 
parental smoking on smoking by adolescents appear to 
remain constant over the adolescent period (Chassin et al. 
1986; Hu et al. 1995; Bauman et al. 2001) or may even 
increase (Bricker et al. 2007) throughout this time.

Longitudinal studies of effects on smoking among 
youth have looked at older siblings less often than they 
have looked at parents. Studies have found that smoking 
by older siblings influences smoking among youth more 
consistently than does smoking by parents (Conrad et al. 
1992; Tyas and Pederson 1998; Avenevoli and Merikangas 
2003), and this includes effects on the behaviors of initia-
tion (e.g., Rajan et al. 2003; Forrester et al. 2007) as well 
as progression to higher levels of tobacco use (e.g., Hill 
et al. 2005; Bricker et al. 2006a). Bricker and colleagues 
(2006a), who followed 4,576 youth from 3rd through 12th 
grades, found that after controlling for smoking by parents 
and close friends, smoking by older siblings—measured in 
early childhood—predicted daily smoking by adolescents 
9 years later. In fact, the effects of siblings’ smoking were 
as strong as the effects of smoking by close friends. In con-
trast, some studies of smoking by young adults suggest 
that siblings’ smoking may not be an important risk factor 
for the initiation or persistence of smoking in this older 
group (Oygard et al. 1995; West et al. 1999; White et al. 
2002; Pederson et al. 2007).

Multiple studies of youth indicate that a higher 
quality of parent-adolescent relationships—variously 
defined by such indicators as closeness, supportiveness, 
and involvement—protects youth against smoking (e.g., 

Doherty and Allen 1994; Scal et al. 2003; Kandel et al. 
2004; Mahabee-Gittens et al. 2011). In addition, several 
studies suggest that parental monitoring of their child’s 
activities, whereabouts, and friends may reduce the likeli-
hood of smoking (e.g., Biglan et al. 1995; Dishion et al. 
1999; Simons-Morton 2002). Conversely, other studies 
find that some family supervisory practices (e.g., disciplin-
ary practices) are not likely to deter youth from smoking 
(Chassin et al. 1986; Côté et al. 2004; Hill et al. 2005). 
Some studies have considered dimensions of both paren-
tal support and behavioral control by combining selected 
variables to define parenting styles: authoritative (high 
support, high control), authoritarian (low support, high 
control), indulgent (high support, low control), and disen-
gaged (low support, low control) (Baumrind 1985). Jack-
son and colleagues (1994) observed that adolescents with 
authoritative parents were less likely to initiate smoking, 
while Chassin and coworkers (2005) found that adoles-
cents with disengaged parents were more likely to smoke, 
even after controlling for parental smoking. 

Two studies found that family conflict may increase 
the risk of smoking among youth (Duncan et al. 1998; Flay 
et al. 1998). Earlier, Biglan and colleagues found an indi-
rect effect of family conflict on smoking by youth (Biglan 
et al. 1995). In addition, smoking-specific parental atti-
tudes and practices appear to influence youth smoking: 
youth who perceive that their parents disapprove of smok-
ing have been found to be less likely to smoke (Sargent 
and Dalton 2001; Miller and Volk 2002; Simons-Morton 
and Haynie 2003), but some studies found no such effects 
(Hill et al. 2005; Carvajal and Granillo 2006) or effects at 
only particular stages of smoking (Distefan et al. 1998) or 
at certain ages (Tucker et al. 2008), with effects less likely 
in young adulthood (Ellickson et al. 2001; Tucker et al. 
2003). Similarly, studies have found parent-child commu-
nication about smoking to be a protective factor (Huver 
et al. 2006), but this may be the case only in nonsmoking 
families (Chassin et al. 2005) or at certain stages of smok-
ing (Distefan et al. 1998). Ennett and colleagues (2001) 
found that multiple dimensions of parent-child commu-
nication about tobacco use had no effects on initiation 
of smoking among youth but that harsher parent-child 
communication on the rules about smoking and disci-
pline for smoking had detrimental effects (i.e., it escalated  
smoking).

Additional insights into how parents influence ado-
lescent smoking have come from complex longitudinal 
models that included both parental and peer factors. For 
example, in a longitudinal sample of 14- to 17-year-olds, 
Biglan and colleagues (1995) observed that family con-
flict led to poor parental monitoring that, in turn, led 
to an increased risk of smoking. Several studies found 
that parental smoking indirectly influenced adolescents’ 
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smoking through their selection of friends who smoked 
(Chassin et al. 1998; Engels et al. 1999, 2004; Tucker et 
al. 2003; Simons-Morton et al. 2004) and through cogni-
tive factors, such as adolescents’ expectations of the out-
comes of smoking, perceptions of whether their parents 
approved of smoking, and intentions to smoke (Flay et 
al. 1994). Other studies have observed that the effects of 
affiliating with friends who smoked were diminished when 
parents were perceived to disapprove of smoking (Sargent 
and Dalton 2001). In general, studies suggest that parental 
risk factors tend to become less important relative to peer 
risk factors along with increasing age (Flay et al. 1994).

Summary

The literature on the contributions of small social 
groups to tobacco use among youth, and to a lesser extent 
to tobacco use among young adults, points to the impor-
tance of peers and family in the initiation of tobacco use as 
well as its continuation and progressive use, particularly 
of cigarettes. How peers and family actually affect and 
potentially support or deter tobacco use among youth is a 
complex question that is not reducible to single causal fac-
tors. Instead, the literature suggests that the entire social 
context (i.e., the interrelations and attributes within and 
between peers and family and adolescents’ perceptions of 
their own social environment) helps to shape smoking 
behavior among youth.

Understanding the influence of friends’ smoking is 
an important component of understanding the complex 

etiology of smoking among youth. As noted earlier in this 
chapter, one can expect findings on the effects of friends’ 
tobacco use to be inflated when studies do not account for 
selective affiliation (i.e., the tendency for adolescents to 
choose friends who are similar to themselves) or for ado-
lescents’ perceptions of their friends’ tobacco use, which 
may or may not reflect actual use. Moreover, because the 
effects of friends’ tobacco use may be stronger for females 
than for males and for White than for minority youth, esti-
mates of friends’ tobacco use may be misleading if these 
specific effects are not considered. Indeed, assessing the 
causal role of friends’ smoking is incomplete without 
these and other considerations, such as adolescents’ rela-
tionships with peers. 

To conclude that there is a causal linkage between 
parental smoking and smoking among youth, more lon-
gitudinal research is needed, perhaps focusing on varying 
trajectories of smoking over time in parents and their off-
spring, since the data to date have not been consistent or 
conclusive (Chassin et al. 2008). And yet, because some 
studies have shown that parental variables may indirectly 
affect adolescents’ choices of friends or their thoughts 
about smoking, parental smoking and other family effects 
may be both directly and indirectly important, again sug-
gesting the need for more sophisticated research in this 
area. 

This review did not find sufficient evidence to impli-
cate parental factors as being causal agents in the use of 
tobacco among young adults, but the evidence is sugges-
tive of a potential causal role for parental smoking and a 
causal role for peer group influences.

Cognitive and Affective Processes

Mood and Affect

Affective processes appear to play an important role 
in the uptake, progression, and persistence of adolescent 
smoking. Numerous investigators have examined the role 
of negative affective states and affect regulation in the ini-
tiation and development of cigarette smoking behavior. In 
cross-sectional studies, regular and experimental smoking 
among youth is associated with higher levels of negative 
affect compared with nonsmoking peers (Mitic et al. 1985; 
Coogan et al. 1998; Escobedo et al. 1998; McKenzie et al. 
2010). Longitudinal studies in this area demonstrate that 
higher levels of negative affect are not only characteristic 
of adolescent tobacco users but also are likely related to 
smoking initiation and transitions along a trajectory of 

use. Patton and colleagues (1998) prospectively examined 
the association between depression, anxiety, and smoking 
initiation among youth and determined that depression 
and anxiety predicted initiation of experimental smoking. 
This association was mediated by the presence or absence 
of smoking peers. Wills and associates (2002) showed that 
high levels of negative affect and life stress in a sample 
of adolescents predicted increases in tobacco use over a 
3-year period. Siqueira and colleagues (2000) found that 
when teenage smokers were directly asked about the rea-
sons for their progression from experimental to regular 
tobacco use, stress was identified as a primary catalyst, 
with endorsement by 72% of the sample. Audrain-McGov-
ern and colleagues (2009) followed a large cohort of 
students (n = 1,093) from 9th grade until 12th grade to 
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examine the temporal relationship between smoking and 
depression. Students were assessed annually for smok-
ing, depression, smoking among their peers, and other 
potential covariates. The authors found that increased 
depression symptoms predicted elevated smoking levels 
and progression in smoking. Interestingly, greater smok-
ing at baseline predicted a deceleration in the number of 
smoking peers across time, which predicted a deceleration 
in depression symptoms. The comorbidity of depression 
and smoking can possibly be explained through peer influ-
ences, since the number of smoking peers mediated the 
relationships between smoking and depression.

Mood benefits derived from smoking may be an 
important driver of smoking behavior among youth. Like 
adults, many youth report smoking for reasons related to 
affect regulation (e.g., tension reduction, negative affect 
relief) (Scales et al. 2009). A growing body of evidence 
suggests that cigarette smoking can produce immedi-
ate, reinforcing changes in both positive and negative 
moods among adolescents (Kassel et al. 2003, 2007; 
Hedeker et al. 2008, 2009). Kassel and colleagues (2007) 
used a matched case-comparison study design of 15- to 
18-year-old smokers (n = 45) and nonsmokers (n = 27) 
to determine the effects that nicotine has on both posi-
tive and negative affect. Smokers in this study experienced 
reductions in both their positive and negative affect scores 
after smoking a cigarette; these reductions were moder-
ated by nicotine dependence, the nicotine content of the 
cigarette (high yield vs. denicotinized), and cigarette crav-
ing. In addition, smoking expectancy moderated negative 
but not positive affect. Nonsmokers had no reduction in 
either positive or negative affect over a 10-minute inter-
val (Kassel et al. 2007). Importantly, adolescents who 
expect to receive greater mood benefits from smoking 
experience it as more reinforcing, compared with those 
without strong mood-related expectancies. Colvin and 
Mermelstein (2010) sought to determine whether expec-
tancies of negative affect influenced mood expectancies 
directly after smoking. Using handheld computers for a 
week to assess changes in mood throughout the day, the 
participating adolescents (n = 461) were given surveys 
to measure smoking expectancies, nicotine dependence, 
number of biological parents who were ever smokers, 
and current smoking behaviors (Colvin and Mermelstein 
2010). Increased amounts of negative-affect expectancies 
were related to a greater decrease in negative mood and an 
increase in positive mood immediately following smoking. 

Evidence is also accumulating to suggest that ado-
lescents who experience greater subjective mood benefits 
of smoking are more likely to progress in their smoking. 
In a prospective study of adolescent smokers, Mermelstein 
and colleagues (2007) found that subjective mood benefits 

of smoking predicted escalation in a cohort of adolescents. 
Adolescents who progressed in their smoking were those 
who reported substantial in-the-moment mood benefits 
following smoking; adolescents who tried smoking but 
stopped did not report any subjective mood benefits fol-
lowing smoking. Further evidence that mood-stabilizing 
effects may reinforce and maintain smoking among youth 
comes from Weinstein and colleagues (2008), who exam-
ined variability in negative moods as it related to smok-
ing patterns among adolescents. Students in 8th and 10th 
grades (n = 517) were assessed at baseline, 6 months, and 
12 months on cigarette use; for 1 week, students used 
palmtop computers to provide momentary assessments 
of negative moods. Increased variability in negative mood 
at baseline was significantly associated with subsequent 
escalation of smoking compared with students who did 
not progress beyond experimentation. 

Smoking-related expectancies are associated with 
many aspects of smoking motivation and behavior (Bran-
don and et al. 1999). Studies of adolescent smokers have 
demonstrated a strong relation between positive expec-
tancies for smoking (e.g., relaxation, mood enhancement) 
and smoking status, such that more experienced smok-
ers appear to have more positive expectancies for smoking 
(Gordon 1986; Covington and Omelich 1988). Heinz and 
colleagues (2010) followed a group of 568 adolescents for 
2 years at four time points to determine the influence that 
negative affect relief expectancies (NAREs) have on smok-
ing behavior and nicotine dependence; both were mea-
sured at the four assessments. When controlled for anxiety 
and depression symptoms, NAREs predicted both the pro-
gression of smoking and nicotine dependence (Heinz et al. 
2010). The NAREs were measured as a subscale of 10 items 
(e.g., “smoking helps calm me down when I’m nervous”); 
responses were recorded on a 4-point scale ranging from 1 
= disagree to 4 = agree. Taken together, the evidence sug-
gests that adolescents who hold more favorable positive 
expectancies for smoking are more likely to begin smok-
ing and to smoke more cigarettes.

In addition to the substantial body of evidence 
implicating negative affect in the etiology and progres-
sion of youth smoking, a number of studies have shown 
that smoking during adolescence may increase the risk for 
subsequent development of mood disorders. For example, 
Jamal and colleagues (2011) examined the relationship 
between age at smoking initiation and subsequent onset 
of mood disorders in a sample of 1,055 current and for-
mer smokers. Only smokers who were nondepressed or 
nonanxious when they started smoking were included 
in the study. Relative to late-onset smokers, early-onset 
smokers experienced onset of depression and/or anxiety 
disorders 5 years earlier, suggesting that a young age at 
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smoking onset increases vulnerability for the subsequent 
development of psychopathology. Furthermore, a grow-
ing body of evidence provides support for a bidirectional 
relationship between smoking and negative affect. Windle 
and Windle (2001) used a large four-wave panel design to 
examine the temporal relationship between depressive 
symptoms and cigarette smoking in a large sample of 10th 
and 11th graders (n = 1,218). Students completed surveys 
about their depressive symptoms and smoking behavior 
at baseline and every 6 months thereafter, for a total of 
1.5 years. Symptoms of depression predicted increases in 
cigarette smoking over time. Over the same study period, 
heavy and persistent smoking prospectively predicted 
increases in depressive symptoms. Similarly, Orlando and 
colleagues (2001) tested the hypothesis that smoking was 
dynamically related to emotional distress in a cohort of 
2,961 adolescents. The authors examined concomitant 
changes in smoking behavior and emotional distress over 
time and found that baseline emotional distress in grade 
10 predicted increased smoking in grade 12; this increase 
in smoking was, in turn, associated with increased emo-
tional distress in young adulthood.

The observed bidirectional influences described 
above support the plausibility of shared etiologies between 
negative affect and smoking behavior. However, it is also 
possible that unique causal mechanisms are operating in 
each direction. For example, self-medication of depressed 
mood could be influencing smoking progression, whereas 
the effects of nicotine on neurotransmitter systems linked 
to depression could be driving the association with nega-
tive affect. More research is needed to explain these mech-
anisms.

Cognitive Processes

Two kinds of cognitive processes play roles in the 
development of regular smoking among youth: (1) those 
that are conscious, explicit, and planned and (2) those that 
are unconscious, implicit, and relatively automatic. These 
processes can act independently or interact as dual-pro-
cess models; a fuller discussion follows below.

Explicit or Controlled Cognitive Factors and the 
Deliberate Processing of Information

The role of cognition in tobacco use can be under-
stood more fully by examining social learning theory and 
cognitive-behavioral principles of learning (Brandon et al. 
2004). Investigations into the etiology of tobacco use have 
studied three key cognitive constructs: expectancy (Gold-
man et al. 1999), self-efficacy (Bandura 1977a), and coping 
(Wills and Filer 1996). Expectancy refers to the perceived 

outcomes of tobacco use, and positive outcome expec-
tancy is related to the theory of positive reinforcement of 
addiction. Self-efficacy is related to an individual’s confi-
dence in achieving goals through personal efforts, such as 
the ability to resist smoking or to remain smoke-free after 
quitting. Coping theories view tobacco use as a mecha-
nism to deal with stress and other negative states; such 
theories include the self-medication and performance-
enhancement models. 

The Smoking Consequences Questionnaire (Bran-
don and Baker 1991), a well-known instrument for mea-
suring expectancies, has been adapted for use among 
adolescents and young adults (Myers et al. 2003; Lewis-
Esquerre et al. 2005; Wahl et al. 2005). This instrument 
measures several positive outcome expectancies about 
smoking, including:

•	 pleasant taste 

•	 relief from boredom

•	 reduction in negative affect

•	 weight regulation

•	 positive social consequences

•	 favorable outcomes related to the health hazards of 
smoking

Various studies have associated these outcomes with 
increased intention of smoking, initiation of smoking, 
escalation in smoking behavior, regular smoking, and/
or current smoking (Flay et al. 1998; Ausems et al. 2003; 
Myers et al. 2003; Lewis-Esquerre et al. 2005; Wahl et al. 
2005).

Two studies linked low self-efficacy early in adoles-
cence with smoking behavior later during the adolescent 
period. In one, Flay and colleagues (1998) associated low 
self-efficacy in skills for refusal of cigarettes from peers 
in 7th grade with smoking experimentation (versus never 
smoking) in 12th grade. Later, Ausems and colleagues 
(2003) found that low self-efficacy in refusal skills among 
11- and 12-year-olds led to a higher likelihood of experi-
mentation with smoking (compared with never smoking) 
and regular smoking (compared with experimentation).

In a multivariate analysis, Lewis-Esquerre and asso-
ciates (2005) found that perceptions that both the sensory 
and motor aspects of smoking were pleasant constituted 
a significant risk factor for smoking in 7th- to 12th-grade 
youth and that a belief in the negative social consequences 
of smoking was strongly protective for this group. Among 
students in the 2nd through 5th grades, Hampson and 
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colleagues (2007) found an association between a more 
positive social image of cigarette smoking (i.e., youth who 
smoke are “liked by other youth,” are “exciting,” and are 
“cool or neat”) with increased intentions to smoke. Using 
the same sample, an analysis by Andrews and colleagues 
(2008) found that a positive social image of smoking was 
related to willingness to smoke that, in turn, predicted 
smoking rather than simply intention to smoke. 

Among sixth- and seventh-grade urban youth, poor 
decision-making and lower self-efficacy were found to be 
related to perceived social benefits of smoking in the sev-
enth and eighth grades, which, in turn, were positively 
associated with smoking 1 year later (Epstein et al. 2000). 
However, there was no direct relationship between deci-
sion-making skills or self-efficacy in the sixth and seventh 
grades and smoking 2 years later (Epstein et al. 2000). 
These results suggest an important role for the perceived 
social aspects of smoking in mediating whether smoking 
will be taken up.

Belief in the negative health consequences of smok-
ing was found to be a robust protective factor against the 
risk that youth would smoke (Rodriguez et al. 2007). Even 
in 16-year-old tobacco users, Myers and coworkers (2003) 
found that belief in the negative health consequences of 
smoking was associated with lower smoking frequency, 
lower scores on tobacco dependence, and more quit 
attempts.

Velicer and colleagues (2007) identified four clus-
ters of ninth graders on the basis of their beliefs about the 
negative and positive consequences of smoking and their 
self-efficacy for resisting the temptations of smoking. At 
3-year follow-up, the cluster with the most-negative and 
least-positive beliefs, which also demonstrated low lev-
els of smoking temptations, had the lowest prevalence of 
smoking initiation (13.2%). A second cluster, character-
ized by high levels of smoking temptation, and a third 
cluster, characterized by the least-negative outlook on the 
consequences of smoking, had the highest proportions of 
smoking initiators at follow-up (26.5% and 28.7%, respec-
tively). The same three constructs—low self-efficacy for 
resistance, belief in the positive consequences of cigarette 
smoking, and lack of belief in the negative consequences 
of that behavior—have been associated with onset of 
smoking or rapid escalation to regular smoking following 
experimentation (Chassin et al. 2000; Orlando et al. 2004; 
Bernat et al. 2008).

Executive function, which involves such tasks as 
reasoning, processing speed, and the ability to inhibit a 
reflexive response, is another explicit cognitive factor 
that may affect adolescent smoking. Fried and colleagues 
(2006) found that slower processing speed and worse 

performance on tasks requiring sustained attention and 
abstract reasoning at 9–12 years of age were associated 
with smoking (≥9 cigarettes per day) at 17–21 years of age. 
In this study, however, performance on these tasks did not 
distinguish between eventual groups of lighter smokers 
(1–8 cigarettes per day), former smokers, and those who 
never became regular smokers. In addition, performance 
on vocabulary, memory, and tasks requiring spatial ability 
did not distinguish between any of the smoking groups. 
Elsewhere, from cross-sectional data describing 14-year-
olds, Lawlor and colleagues (2005) found a higher preva-
lence of smoking at lower levels of nonverbal reasoning 
and reading abilities. These two studies suggest that 
specific deficits in executive function may be related to 
an increased risk of smoking, but neither study focused 
explicitly on the relationship between performance on 
cognitive tasks and smoking, and so adjustments for 
covariates could not be made in the comparisons cited.

Automatic/Implicit Cognitive Processes

Research in social cognition indicates that the 
acquisition of automatic behaviors (i.e., behaviors that 
are not consciously mediated) develops through frequent 
and consistent experiences with a particular social behav-
ior that, in turn, affects the likelihood of engaging in 
that behavior. Conscious choice drops out as it becomes 
a superfluous step in the process (Bargh and Chartrand 
1999). 

Currently, there is a research focus on the evalua-
tion of implicit or spontaneously activated cognitions on 
behaviors, such as regular tobacco use and other behav-
iors involving addictions (for a review, see Wiers and 
Stacy 2006). Implicit cognitions result from information 
processing of associations involving tobacco-related out-
comes, such as feeling good because of dopamine-depen-
dent associations, tobacco-relevant stimuli (e.g., cigarette 
advertising, cigarette packages, lighters, ashtrays), or 
tobacco-related situations or environmental contexts 
(e.g., smoking with friends at a party). These types of asso-
ciations are strengthened in memory through repetitive 
experiences (Stacy 1995, 1997) and come to influence or 
guide behavior through a relatively spontaneous process 
that circumvents rational decision-making (Stacy 1997; 
Wiers and Stacy 2006). Implicit cognitive processes can 
influence thought processes and the interpretations of 
situations, contexts, and other stimuli, and they can also 
either make more accessible or inhibit the memory of 
behavioral alternatives (e.g., healthy behavioral options).

Numerous studies have evaluated the influence of 
implicit cognitive processes on smoking behavior among 
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adolescents. Although a variety of cross-sectional studies 
on implicit associations have had robust outcomes, only 
a few prospective studies have evaluated the influence of 
such associations on subsequent smoking while control-
ling for potential confounders (Stacy 1997; Kelly et al. 
2005, 2008; Thush et al. 2007). In a prospective study, 
Kelly and colleagues (2008) used the Memory Association 
Test (Kelly et al. 2005) to evaluate the effects of implicit 
tobacco-related memory associations on smoking in ado-
lescents; this test is a variation of an indirect cue-associ-
ation paradigm (Stacy et al. 1994, 1996) that contains no 
explicit reference to the behavior being assessed. Among 
high school youth, the study found that tobacco-related 
memory associations assessed at baseline were predictive 
of smoking 6 months later when they were controlled for 
within-subject variability in smoking and other variables. 
These findings suggest that youth with strong memory 
associations related to tobacco use may be at increased 
risk for subsequent smoking.

In an extensive review of the literature involving the 
influence of nonconsciously mediated processes on smok-
ing dependence and cessation, Waters and Sayette (2006) 
found across a range of cross-sectional studies that smok-
ing status among young adults (college students) was fre-
quently associated with indirect tests of association, such 
as the Implicit Association Test (IAT). 

The IAT is a categorization task that provides a 
method of indirectly assessing the relative strength of 
memory associations among different concepts (Green-
wald et al. 1998). The basic assumption is that past learn-
ing (e.g., experience with smoking) is represented by 
facilitated information processing of associated concepts 
as measured by reaction time on the task. During the task, 
participants sort stimuli into two categories of attributes 
(e.g., positive vs. negative and approach vs. avoid) and two 
target categories (e.g., tobacco-related objects and non-
tobacco-related objects). Faster responses to observed 
paired stimuli (e.g., a cigarette and feels bad) are inter-
preted to mean that the two stimuli are more strongly 
associated in memory than are other pairs of stimuli. 
Stronger implicit associations between a behavior and a 
variety of cues or outcomes (e.g., smoking a cigarette and 
being social or feeling good) are potentially significant in 
promoting the behavior (for reviews, see Ames et al. 2006; 
Waters and Sayette 2006; Wiers et al. 2006).

Several studies of adults who completed the IAT 
indicate that both smokers and nonsmokers have some 
negative implicit attitudes toward smoking when asked to 
categorize smoking and nonsmoking stimuli with positive 
and negative attributes, but smokers have relatively fewer 
negative attitudes toward smoking than do nonsmokers 

(Swanson et al. 2001; Sherman et al. 2003; Huijding et 
al. 2005; DeHouwer et al. 2006). In addition, DeHouwer 
and colleagues (2006) found that smokers reacted faster 
when categorizing smoking stimuli with an “I like” label, 
and nonsmokers reacted faster when categorizing smok-
ing stimuli with an “I dislike” label. Such results, how-
ever, may be more reflective of individual differences in 
implicit attitudes and less sensitive to societal influences 
or attitudes toward smoking (Olson and Fazio 2004). 
More research with the IAT is needed to support previ-
ous findings. With an approach-avoid IAT, DeHouwer and 
colleagues (2006) further found that smokers associated 
smoking with more “approach words” than “avoid words” 
and that nonsmokers associated smoking with more 
“avoid words” than “approach words.”

Sherman and colleagues (2003) found that heavier 
smokers had significantly more positive implicit associa-
tions toward smoking than did lighter smokers and less 
negative implicit associations toward that activity than 
did nonsmokers. Perugini (2005) reported similar find-
ings when comparing smokers with nonsmokers on an 
IAT; that is, smokers’ implicit attitudes toward smoking 
were significantly more positive than those of nonsmok-
ers, and their explicit attitudes, also measured, were sig-
nificantly more positive as well. McCarthy and Thompsen 
(2006) reported similar findings with a tobacco-related 
IAT: they found correlations between positive implicit 
associations and self-reported smoking behavior but no 
significant relationship between negative implicit asso-
ciations and smoking behavior. Using a single-target IAT, 
Huijding and de Jong (2006) found that smokers had posi-
tive implicit affective associations toward smoking, but 
nonsmokers had negative (implicit) affective associations. 
In addition, self-reported craving correlated with negative 
implicit affective associations but not with self-reported 
attitudes. In a subsequent IAT study among smokers only, 
Waters and colleagues (2007) found that implicit attitudes 
toward smoking were robustly and positively related to 
self-reported craving and nicotine dependence. 

Chassin and colleagues (2002) included an IAT in a 
study with both implicit and explicit attitudes when they 
evaluated the influence of parental smoking/cessation 
on adolescent smoking. These authors found that moth-
ers with positive implicit attitudes toward smoking were 
more likely to have children who smoked. In addition, the 
IAT differentiated between smoking and nonsmoking/for-
merly smoking mothers, with mothers who smoked hav-
ing more positive implicit attitudes toward the behavior. 
However, implicit attitudes toward smoking among youth 
in the study failed to correlate with parental smoking, and 
implicit attitudes of both fathers and youth did not corre-
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late with the youth’s smoking behavior, even though there 
was a correlation between mothers’ attitudes and smoking 
by their children. Although more studies are needed on 
the influence on youth of the implicit attitudes of parents 
toward smoking, findings suggest that in conjunction with 
prevention efforts among youth, programs might want to 
target parental (particularly maternal) implicit attitudes 
toward smoking to help efforts to prevent this behavior.

The Go/No-go Association Test (GNAT), an indirect 
test of association developed by Nosek and Banaji (2001), 
assesses implicit associations with a single target cat-
egory, thus eliminating competing or contrasting catego-
ries as in the IAT. Using a portable version of the GNAT, 
Bassett and Dabbs (2005) differentiated implicit attitudes 
of smokers from nonsmokers among 39 adults in a uni-
versity environment. Smokers reacted faster to “smoking 
words” that were paired with “good words,” and nonsmok-
ers responded faster to “smoking words” that were paired 
with “bad words.”

In summary, findings from IAT studies and others 
that have focused on implicit cognitive processes appear 
to reflect some differences between smokers and non-
smokers in tobacco-related implicit associations. The dif-
ferences found may suggest differences in neurobiology, 
early-life experiences, or exposure to tobacco use. Refine-
ment of methodologies may help further elucidate the 
influence of implicit associations on smoking behavior 
among youth. These contributions will be important to 
the literature and future studies of nonconsciously medi-
ated influences on behavior (Waters and Sayette 2006; 
Wiers and de Jong 2006).

Dual-Process Models

Dual-process models of behavior acknowledge that 
goal-directed behaviors, such as tobacco use, are influ-
enced by a range of cognitive processes, including both 
implicit or automatic processes and more controlled, 
deliberate, or executive processes (Tiffany 1990; Stanov-
ich and West 2000; Evans 2003; Kahneman 2003; for 
dual-process approaches to addiction, see Wiers and Stacy 
2006). In general, researchers on addiction have accepted 
this dual-process approach to cognition and have acknowl-
edged the influence of both implicit and explicit processes 
in the development and maintenance of addictive behav-
iors (Bechara and Damasio 2002; Wiers and Stacy 2006). 
Furthermore, many studies have shown the additive and 
independent predictive ability of implicit and explicit pro-
cesses in usage models for tobacco and other drugs (Stacy 
1995, 1997; Chassin et al. 2002; Wiers et al. 2002; Sher-
man et al. 2003; Huijding et al. 2005; Perugini 2005; Ames 
et al. 2007; Thush et al. 2008). In one study, Grenard and 

associates (2008) found possible tobacco-related associa-
tions to be stronger predictors of smoking among youth 
with lower-capacity working memories than among those 
with a higher capacity. Ongoing research about dual-pro-
cess models of addiction will help to elucidate the influ-
ence of explicit and implicit processes on goal-directed 
behaviors as well as explain how certain cognitive func-
tions may inhibit behavioral tendencies that arise from 
more spontaneously activated implicit associations.

Summary

A robust association between youth smoking and 
negative affect has been demonstrated in the literature. 
Prospective studies suggest that this association may be 
bidirectional. Negative affect has been shown to be an 
influential factor for the onset and continuation of youth 
smoking. At the same time, smoking during adolescence 
has been found to prospectively predict subsequent nega-
tive affect and depressive symptoms. It can be concluded 
that smoking and mood are related to one another, but 
more research is needed to understand the temporal rela-
tionship. A key question regarding the association between 
negative affect and youth smoking is whether it reflects a 
direct causal influence, in one or both directions.

The cognitive processes that influence the initiation 
of tobacco use, continued use, and dependence include 
executive, or more explicit, processes and implicit pro-
cesses (those that are more automatically associative). 
Executive processes are relevant to inhibitory control 
over behaviors and to counteracting the influence of more 
spontaneous (or implicit) cognitive processes. Evidence 
suggests that executive processes moderate behavior (e.g., 
the capacity of working memory) during decision making 
in complex situations (Finn and Hall 2004; Payne 2005; 
Grenard et al. 2008). For example, complex social situa-
tions involving cues to use tobacco or ambiguous contexts 
are likely to tax aspects of executive functioning for many 
youth, reducing their ability to inhibit intentions to resist 
smoking. For most youth, tobacco use is unlikely to be 
motivated solely by rational decision-making processes. 
The influence of implicit cognitive processes on behav-
ior has been demonstrated in numerous studies across a 
variety of drugs and populations (for reviews, see Ames et 
al. 2006 for drugs; Waters and Sayette 2006 for tobacco; 
and Wiers et al. 2006 for alcohol). Implicit associations, 
or more spontaneously activated cognitions, may help to 
explain why some people engage in apparently irrational 
behaviors, such as smoking, while clearly knowing that 
the behavior can have negative consequences.
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Both automatic and controlled cognitive processes 
(incorporated in dual-process models) influence behavior 
and, therefore, both should be considered potential tar-
gets of interventions (Wiers and Stacy 2006). However, 
more research is needed to evaluate the ability of dual-
process models to predict the use of tobacco and other 
substances, the interaction between the two processes, and 

individual variations in these processes. Future research 
should focus on increasing the understanding of the role 
of cognitive mediators in complex social behaviors, such 
as the use of tobacco and other drugs, and the decision 
making behind engaging or not engaging in the particular  
behavior. 

Genetic Factors and Neurobiological and Neurodevelopmental 
Processes

This section considers the role of genetic factors and 
their interaction with measured environmental factors; 
neurobiological processes, including addiction to nico-
tine; and neurodevelopmental processes (USDHHS 2010). 
The term “genetics” refers to a person’s biological cod-
ing scheme, which may become a phenotype (expression) 
that at times depends on context and previous experience 
and exposures. The term “neurodevelopmental processes” 
refers to the influences of environmental experiences and 
maturation processes on cognitive function and, in this 
case, the likelihood that a person may yield to perceived 
social influences or curiosity and use tobacco products. 
Neurobiological processes are neurologic transmissions 
across brain structures that may predispose a person to 
seek out the use of tobacco or other drugs or that may 
be affected by tobacco or other drug use. Importantly, 
adolescence is a time of considerable neurodevelopmen-
tal plasticity and change (Steinberg 2007; Windle et al. 
2008; Giedd and Rapoport 2010). Brain development 
in regions associated with impulsivity, motivation, and 
addiction continues well into young adulthood (Lebel and 
Beaulieu 2011). Maturational changes that occur during 
adolescence may contribute to neurologic factors that 
underlie vulnerability to addiction, such as increases in 
novelty seeking and impulsivity (Chambers et al. 2003). 
Some individual traits such as sensation-seeking and tem-
perament might predispose young people toward certain 
problem behaviors in particular social contexts (Wills et 
al. 2000; Bisol et al. 2010). 

Genetic Influence on Smoking 
Behaviors

Genetic influences have been documented at each 
stage in the continuum of smoking, from initiation to 

dependence, in twin and family studies. This broad topic 
was covered in depth in the 2010 Surgeon General’s report 
on how tobacco smoke causes disease, with the conclu-
sion that inherited genetic variation contributes to differ-
ing patterns of smoking behavior and cessation (USDHHS 
2010). Some of the supporting evidence is also summa-
rized in Chapter 2 of this report and in the present section.

This evidence in support of the heritability of smok-
ing behavior has prompted researchers to identify specific 
genes and biological mechanisms that play a role in smok-
ing behavior and nicotine dependence using a variety of 
genetic study designs. 

Until recently, research has focused many of the 
genetic efforts on candidate gene and linkage studies 
rather than on more powerful genomewide association 
studies or sequencing. Some of these candidate gene 
studies have been fruitful, mainly because the genetics 
of addiction benefits from a vast knowledge of a given 
drug’s mechanism of action; consequently, many genes 
are plausible candidates, and some associations have 
been reported. However, the more recent high-through-
put approaches have provided consistent and compelling 
results that have advanced the science base on genetics 
and smoking behavior. Although incomplete, the overview 
below provides a picture of the approaches and findings 
to date. 

Genetic Linkage Analyses

Genetic linkage analyses seek to identify genetic 
variants associated with an outcome of interest by test-
ing genetic markers across the genome. Regions of the 
genome that appear strongly linked to the outcome have a 
higher likelihood of containing influential genetic regions 
or genes. Several large family-based genetic linkage analy-
ses have been conducted to identify the chromosomal 
regions associated with different smoking outcomes, 
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including smoking status, tobacco dependence, and even 
cigarettes smoked per day. The results of these studies 
have been somewhat inconsistent, however, pointing to 
different regions on a number of chromosomes (Munafó 
and Johnstone 2008; Uhl et al. 2008). Even so, the impli-
cated regions likely contain susceptibility loci and several 
candidate genes whose genetic variation may explain dif-
ferences in phenotypes. For example, a region on chro-
mosome 9q22 has been linked to tobacco dependence (Li 
et al. 2003), a finding corroborated by three other inde-
pendent studies (Bergen et al. 1999; Bierut et al. 2004; 
Gelertner et al. 2004). In addition, a location on chromo-
some 5q (D5S1354) has been strongly linked to smoking 
behavior in at least two studies (Bergen et al. 1999; Dug-
girala et al. 1999). Research has also found associations 
between the gamma amino butyric acid receptor subunit 
B2 (GABA-B2) and neurotrophic tyrosine kinase receptor 
type 2 (NTRK2) genes and tobacco dependence (Beuten et 
al. 2005, 2007). Unfortunately, only a  few studies go on to 
identify the specific genetic variants located on the chro-
mosomes implicated in genetic linkage analyses (Munafó 
and Johnstone 2008).

Candidate Gene Studies

Candidate gene studies, on the other hand, compare 
the prevalence of specific genetic variants by using a case-
control design. The variants are selected on the basis of 
evidence from earlier studies that are related to the out-
come of interest. Most candidate gene studies on tobacco 
use have evaluated the influence of genes that operate 
in neurotransmitter pathways (e.g., the dopamine and 
serotonin pathways), nicotine metabolism, and nicotinic 
receptors (Munafó and Johnstone 2008). The majority 
have focused on genes involved in the dopamine path-
way, particularly the dopamine receptor D2 (DRD2) gene. 
The DRD2 Taq1A polymorphism has been implicated in 
the majority of studies, while others have found no such 
association (Munafó et al. 2004). Two meta-analyses have 
shown that the Taq1 A1 allele is significantly more likely 
to be found among smokers than among nonsmokers. 
Other genes in the dopaminergic reward system have been 
investigated in the context of tobacco use and dependence, 
such as the dopamine transporter (DAT), other dopamine 
receptors (DRD1, DRD4, DRD5), catechol-O-methyltrans-
ferase (COMT), monoamine oxidases A and B, and tyro-
sine hydroxylase (TH), although none of these variants 
has shown a strong relationship with smoking behaviors 
(Munafó and Johnstone 2008). In the serotonin pathway, 
most studies investigating the 5-HTTLPR5 polymorphism 
within the SLC6A4 gene, including one meta-analysis, 
found a relationship with smoking behavior (Munafó et 
al. 2004). 

Candidate gene studies have also looked at genes in 
the nicotine metabolism pathway; variants in these genes 
might be expected to cause individual differences in sus-
ceptibility to different doses of nicotine. The most com-
monly studied gene in this category is the CYP2A6 gene; 
there is evidence to suggest that CYP2A6 variants that 
reduce nicotine metabolism are associated with reduced 
smoking quantity (Malaiyandi et al. 2006) and increased 
likelihood of cessation (Munafó et al. 2004).

Several nicotinic receptor genes have been exam-
ined, with some studies finding that CHRNA4 plays a role 
in tobacco dependence. In addition, a large case-control 
study found several other nicotinic receptor genes to be 
associated with tobacco dependence, including CHRNA5 
and CHRNB3 (Saccone et al. 2009). Replication of these 
findings is a necessary step toward validating the roles of 
these genetic variants (see below). The region on chromo-
some 15 that includes a group of nicotinic receptor genes 
has been associated in multiple populations with the quan-
tity smoked and the risk of becoming nicotine dependent 
(Bierut 2010), thereby demonstrating the importance of 
this region. 

Findings in both genetic linkage analyses and can-
didate gene studies demonstrate great heterogeneity, indi-
cating that genetic influence on tobacco use and nicotine 
dependence is complex and likely involves multiple genes.

Genomewide Association Studies and 
Sequencing

Over the last decade, the science of genetics has 
made important progress through conceptual insights 
and technological breakthroughs. In 1999, the idea of 
evaluating hundreds to thousands of genetic variants—
namely, single nucleotide polymorphisms (SNPs)—at 
once was beginning to take shape. One key turning point 
was the understanding that the genome is built by many 
sets of correlated SNPs, called haplotypes, which meant 
that rather than screening the entire SNP collection, a 
subset of “proxy” SNPs, or TagSNPs, could be screened 
without loss of information, using the so-called genome-
wide association study (GWAS) design. GWAS is powerful 
for honing in on relevant areas of the genome related to 
the phenotype in an unbiased way. Once a “hit” is discov-
ered through a GWAS scan, it needs to be replicated and 
evaluated further to determine if it contributes to the 
phenotypic outcome. Therefore, GWAS provides the first 
step in identifying key regions for deep sequencing and 
functional characterization. This approach resulted in one 
of the most replicated findings in addiction genetics—the 
A5/A3/B4 nicotinic cholinergic receptor subunit cluster 
on chromosome 15 associated with tobacco dependence 
across populations (Saccone et al. 2009, 2010; Liu et al. 
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2010; The Tobacco and Genetics Consortium 2010; Thor-
geirsson et al. 2010).

Science and genetics technologies continue to 
evolve at a rapid pace, and it is now possible to conduct 
whole-genome sequencing (complete sequence of an 
individual’s genome) and “deep” sequencing (sequencing 
specific regions of a genome) of targeted regions in many 
people. In either approach, sequencing allows for a single-
base examination of the genetic architecture within the 
target region, and it also allows for a higher order view of 
the genomic structure (e.g., copy number variation, struc-
tural variations such as deletions, insertions, inversions, 
and epigenetic targets).

The whole-genome sequencing and deep sequencing 
approaches are starting to be used to uncover additional 
rare genetic variants that also contribute to smoking-
related phenotypes (Wessel et al. 2010). The GWAS evi-
dence and subsequent replications showing association 
with tobacco dependence phenotypes with the nicotinic 
subunit receptor cluster on chromosome 15 (CHRNA5/
A3/B4) supports the next steps of deep sequencing and 
functional analyses to understand the relationships and 
mechanisms of how those genetic variants contribute to 
the smoking phenotype; this work is ongoing and shows 
that the genetic changes in this gene cluster have effects 
on receptor function (Wang et al. 2009, Hong et al. 2010; 
Fowler et al. 2011; Smith et al. 2011).

Genetic Factors in Tobacco Use 
Among Youth

Studies of Twins

From data obtained from pairs of twins reared 
together, latent genetic and environmental contributions 
to phenotypic variation can be estimated. Twin models 
compare the correlations of twin pairs across zygosity 
groups. If the resemblance of twin pairs is determined by 
additive genetic effects transmitted from parents to their 
offspring, then the correlation in monozygotic (MZ) twin 
pairs is predicted to be twice that of dizygotic (DZ) twin 
pairs because MZ twins share 100% of their genes, while 
DZ twins share, on average, 50% of their genes and are no 
more similar than are any other pair of full siblings. If the 
resemblance of twin pairs is determined by shared envi-
ronmental influences, or factors common to family mem-
bers, such as home or school environment, then equal MZ 
and DZ correlations are expected, because both MZ and 
DZ twin pairs are assumed to share 100% of the shared 
environmental factors. If the MZ correlation is greater 
than, but less than twice, the DZ correlation, then both 
genetic and shared environmental influences contribute 

to phenotypic variation. Residual variation not accounted 
for by genetic or shared environmental factors is termed a 
nonshared or individual-specific environmental variance. 
Residual variation contributes to the dissimilarity of twin 
pairs and includes measurement error.

In 12- to 19-year-old adolescents, heritability for 
initiation of smoking (defined as having ever smoked) 
has been estimated to be between 36% and 56% across 
different samples, and the effect of shared environmen-
tal factors on initiation has been estimated to be between 
30% and 44% (Han et al. 1999; McGue et al. 2000; Rhee 
et al. 2003). Estimates of heritability for regular cigarette 
smoking (defined by the frequency of smoking in the past 
month) range from 27% to 52%, and the range of estimates 
for the effect of shared environmental factors (7–43%) is 
wider than that for the initiation of smoking (Rende et al. 
2005; Slomkowski et al. 2005; Young et al. 2006). Similar 
estimates have been found for dependent smoking (i.e., 
smoking in which the smoker is dependent on nicotine) in 
adolescents (heritability, 44–49%; shared environmental 
factors, 15–37%) (McGue et al. 2000; Young et al. 2006). 
Slomkowski and colleagues (2005), who looked at regular 
smoking, reported the lowest heritability (23%) and the 
highest estimate for shared environmental factors (43%) 
in 15-year-olds, with a shift in the relative values at 1-year 
follow-up (43% for heritability and 34% for shared envi-
ronmental factors). In a study of 13- to 16-year-olds, ques-
tions about cigarette and other tobacco products were 
combined into one item of “ever consuming more than 
1 cigarette or other tobacco products per day” (Maes et 
al. 1999, p. 295); this definition of “ever use” produced an 
estimate for heritability of 65% (Maes et al. 1999) and may 
capture daily smoking at a later stage of smoking than 
initiation. Overall, these results support the idea that the 
relative contribution of genetic influences increases from 
earlier (initiation) to later (regular/daily or dependent 
smoking) stages of tobacco use. The results also suggest 
that the same behavioral measure (frequency of smoking 
in the past month) may index different types of risk at dif-
ferent ages. 

In a sample of 12- to 24-year-olds, heritability for 
smoking initiation was 39%, and the estimate for shared 
environmental factors was 53% (Boomsma et al. 1994; 
Koopmans et al. 1999). Across age groups, however, signif-
icant differences in the relative contribution of genetic and 
environmental factors to the initiation of smoking were 
not found (Boomsma et al. 1994). A substantial genetic 
influence was found on quantity smoked in two studies: 
86% in a study by Koopmans and colleagues (1999) and 
52% in a sample of young adults (aged 18–24 years) in a 
study by Haberstick and colleagues (2007). Neither study 
contained evidence for a significant influence of shared 
environmental factors on the quantity smoked. 
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Traditionally, the number of cigarettes smoked per 
day has been used as an indicator of tobacco dependence, 
the final stage of tobacco use. Latency (time) to first ciga-
rette after waking, another indicator of dependence, was 
significantly heritable in young adults (55%) in the study 
by Haberstick and coworkers, with no significant shared 
environmental factors for this marker (Haberstick et al. 
2007). The Heaviness of Smoking Index (HSI), which 
combines scores on quantity and latency measures, was 
strongly heritable (61%) in the Haberstick study, with no 
significant shared environmental factors (Haberstick et 
al. 2007). In contrast, the Fagerström Test for Nicotine 
Dependence (FTND) score, which is comprised of the two 
HSI items and four other items, was modestly heritable 
(17%) in that study, with a relatively large contribution 
from shared environmental factors (25%). This is not sur-
prising in that the four additional FTND items showed no 
evidence for genetic influences (Haberstick et al. 2007). 

Taken together, these studies suggest that the 
prominent role played by shared environmental factors at 
earlier stages of cigarette smoking, such as initiation, dis-
appears at later stages of regular or dependent use, when 
genetic influences predominate. For example, Kendler 
and colleagues (2008) specifically examined the interplay 
of genetic and environmental factors over time through 
the use of retrospective life history data (from calen-
dars) among 13- to 35-year-olds and found that genetic 
influences for number of cigarettes smoked per day first 
appeared around 16 years of age (about 10% heritability) 
and increased to about 60% by 35 years of age. In con-
trast, the contribution of shared environmental factors 
decreased from about 50% at 13–17 years of age to 0% by 
35 years of age.

Studies in adults have shown that the age of smok-
ing initiation is significantly heritable (Heath et al. 1999; 
Broms et al. 2006), but genetic influence on the age of 
initiation is independent of the genetic influence on such 
variables as the quantity smoked and quitting smok-
ing (Broms et al. 2006). Furthermore, Pergadia and col-
leagues (2006) found similar genetic and environmental 
influences for regular smoking and dependence measures 
in adult twin pairs who first tried smoking cigarettes on 
the same occasion in a comparison with pairs who first 
tried smoking at different times or ages. These results sug-
gest that varying ages for initiation do not appear to bias 
genetic and environmental estimates on later stages of 
smoking, perhaps because initiation and later-stage smok-
ing may not share common genes (Broms et al. 2006).

Schmitt and associates (2005) examined the con-
tribution of genetic and environmental factors to the use 
of tobacco products other than cigarettes among 20- to 
58-year-olds. The relative contributions of genetic and 
shared environmental factors were, respectively, 43% and 

28% for regular use of dip (moist snuff), 19% and 21% for 
use of chewing tobacco, 0% and 32% for pipe use, and 0% 
and 26% for cigar use. These results suggest substantial 
variation in the genetic contribution to regular use of dif-
ferent forms of tobacco.

Interaction Effects Between Genetic and 
Environmental Factors

The previous section summarized the evidence that 
genetics plays an important role in smoking behavior, par-
ticularly at later stages of smoking. Although genetic risk 
for cigarette smoking may be a vulnerability with which 
persons are born, it is not a static and obligatory influence 
on smoking behavior (for review, see Lynskey et al. 2010). 
In fact, the expression of genetic risk depends on certain 
environmental circumstances. For example, smoking by 
one’s peers is a robust predictor of current smoking, regu-
lar smoking, and the transition to regular smoking and 
has a strong influence in adolescence, but it is also signifi-
cant in adulthood even after controlling for genetic risk 
for smoking (Vink et al. 2003a,b). Thus, smoking by peers 
may inhibit the expression of genetic influences on smok-
ing behavior. In a study by White and colleagues (2003), a 
heritability estimate of 15% for regular (past week) smok-
ing by 13- to 18-year-olds was reduced to 0% after account-
ing for peer smoking. Two waves of follow-up assessments, 
about 3 years apart, showed a progressive increase in the 
heritability estimate for regular smoking to 20% at the 
second wave (sample aged 16–21 years) and 35% at the 
third wave (sample aged 20–25 years). In contrast, smok-
ing by peers showed a decreasing influence across waves, 
explaining 37% of the variance in heritability at the sec-
ond wave and 12% at the third wave. In another study, 
Harden and colleagues (2008) found that genetic risk for 
tobacco and alcohol use in adolescents correlated with 
best-friend’s substance use, a case of gene-environment 
correlation, and that adolescents at high genetic risk for 
tobacco and alcohol use also appeared to be more sensitive 
to adverse peer influences, a case of gene-environment 
interaction.

Aside from peer influences, parental behavior may 
affect the expression of genetic risks for smoking. In a 
sample of 14-year-olds (with 67% shared environmental 
factors), Dick and colleagues (2007b) estimated a 21% 
heritability for lifetime quantity smoked, but this estimate 
decreased to 15% under conditions of high levels of per-
ceived parental monitoring and increased to 60% with per-
ceptions that parental monitoring was low. These results 
suggest that less perceived parental monitoring may pro-
vide conditions that are conducive for the expression of 
genetic risk for the smoking phenotype. In the study of 
14-year-olds, the moderating effect of parental monitoring 
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was not influenced by whether the parents were smokers 
(Dick et al. 2007b).

Shared time with parents, another parental vari-
able, may affect the expression of genetic risk on lifetime 
quantity smoked but in an unexpected direction. Among 
14-year-olds, spending more time with parents was associ-
ated with 50% heritability for lifetime quantity smoked, 
but spending less time with parents was associated with 
almost no heritable effects (Dick et al. 2007a). The authors 
surmised that “spending more time with biologically 
related relatives may engender the expression of genetic 
predispositions” and that “for some children, spending 
time with parents may be beneficial, but for other chil-
dren, it may not, depending on the behavior and predispo-
sitions of the parents” (Dick et al. 2007a, p. 323). Current 
smoking by parents also moderated the effects of genetic 
predispositions. 

The school environment may also moderate genetic 
risk for smoking behavior in adolescents. Boardman and 
colleagues (2008) examined the effects of the social and 
demographic composition of 7th- to 12th-grade students 
(mother’s education, student’s race/ethnicity), school 
smoking norms (smoking status of popular students), 
institutional control of smoking (teachers not allowed 
to smoke on campus, penalties for smoking infractions), 
and the prevalence of student smoking, on the heritabil-
ity of ever smoking (heritability estimate, 51%) and daily 
smoking (58%). They found no effects of these school 
characteristics on the heritability of ever smoking, but 
the heritability of daily smoking was significantly lower 
in schools with higher proportions of White (versus non-
White) students and was significantly higher in schools in 
which the popular students were smokers.

A further layer of detail can be achieved by inves-
tigating the interaction between measured genetic and 
measured environmental factors. In a study of 9th- to 
12th-grade students by Audrain-McGovern and colleagues 
(2006c), risk genotype was not related to smoking pro-
gression among those who had had at least one puff of 
a cigarette but was positively related to physical activity 
that, in turn, was negatively related to the progression of 
smoking. However, the relationships between risk geno-
type and physical activity and between physical activity 
and the progression of smoking were significant only in 
adolescents who participated in one or more team sports. 
Audrain-McGovern and associates (2006c) speculated that 
the type of physical activity or the social aspects of partici-
pation in team sports, or both, may be particularly reward-
ing in adolescents with risk genotypes, which would tend 
to decrease the rewarding value of cigarette smoking. 

Peer influences, parental behaviors, school charac-
teristics, and school-related activities, such as participa-
tion in team sports, are likely to be shared between twins 

and siblings and are, therefore, likely to be included in 
the overall estimate of shared environmental variance for 
smoking behavior unless their effects on genetic risk are 
explicitly tested. Considering the larger importance of 
shared environmental factors in the early stages of smok-
ing behavior, it is important to understand the dynamics 
of measured and latent genetic risk and measured shared 
environmental factors on smoking behavior. Overall, the 
interactions of genetic and shared environmental factors 
are quite complex and call for continued research and 
careful analyses. More specifically, understanding how 
genes affect smoking behavior will necessitate identify-
ing key specific factors or sets of factors in the adolescent 
environment that dynamically interact with genetic vul-
nerability to affect smoking or nonsmoking.

Neurotransmission and Brain 
Function in Tobacco Use

Overview of the Effects of Nicotine on the Brain

Upon inhalation of cigarette smoke, nicotine quickly 
crosses the blood-brain barrier and binds to nicotinic 
acetylcholine receptors (nAChRs) in the brain (Dani and 
Heinemann 1996). Activation of nAChRs stimulates the 
mesocorticolimbic dopamine system (a reward pathway) 
to produce the primary reinforcing effects of nicotine (Di 
Chiara 2000). Stimulation of dopamine neurons in the 
ventral tegmental area (VTA) by nicotine via high-affinity 
α4β2 nAChRs (and by all drugs of abuse via specific recep-
tor targets) causes increased firing in terminal dopami-
nergic fields, such as the nucleus accumbens, amygdala, 
and the prefrontal cortex (specifically the dorsolateral 
prefrontal cortex and orbitofrontal cortex). Activation 
of dopaminergic VTA neurons is also mediated by excit-
atory glutamatergic neurons projecting primarily from 
the prefrontal cortex (Taber et al. 1995), and presynaptic 
α7 nAChRs located on glutamatergic projections enhance 
excitatory input (Mansvelder and McGehee 2000). The 
GABA interneurons in the VTA, which also express nAChRs 
and GABA-ergic projections from the nucleus accumbens 
to the VTA (Walaas and Fonnum 1980; Kalivas et al. 1993), 
mediate inhibitory and control processes of dopamine 
stimulation. Thus, the overall effect of nicotine in the VTA 
stems from the interactions of upstream and downstream 
effects (Mansvelder et al. 2003). Repeated exposure to nic-
otine in conjunction with environmental cues (Chaudhri 
et al. 2007) causes lasting changes in dopaminergic func-
tion that contribute to maintenance of smoking and the 
experience of withdrawal symptoms upon its cessation 
(Miyata and Yanagita 2001; Balfour 2002).
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Studies by Fowler and colleagues (2008) and Salas 
and colleagues (2003) showed that withdrawal in mice 
after nicotine intake is linked to the medial habenula and 
α2 and α5 nicotine subunits. Mice lacking these receptors 
show a decrease in withdrawal symptoms. Also, mice lack-
ing these receptors demonstrate increased intake of nico-
tine, possibly due to a difference in the inhibitory signals 
(i.e., diminished input) from the habenula in response to 
nicotine. Thus, some individuals (either through genet-
ics or predisposition) may be more vulnerable to nicotine 
addiction.

Research Using Imaging in Children  
and Adolescents

Reward and cognitive control neural networks are 
implicated in the maintenance of addictive behaviors, 
including the use of nicotine (Kalivas and Volkow 2005; 
Brody 2006). Several studies have found that 9- to 19-year-
old children and adolescents are at increased risk for 
smoking by virtue of a family history of drug use or per-
sonal history of psychiatric illness (e.g., attention-deficit 
hyperactivity disorder, conduct disorder). The same youth 
show blunted activation of the reward system (ventral 
striatum and frontal cortex) and relatively less activation 
in a distributed network of primarily frontal and cingulate 
cortex. They also show relatively less activation of tem-
poral and parietal cortical regions that subserve decision 
making, performance monitoring, and cognitive control 
(Schweinsburg et al. 2004; Tamm et al. 2004; Sterzer et 
al. 2005; Scheres et al. 2007; McNamee et al. 2008; Rubia 
et al. 2008). Decreased activation may indicate deficits in 
impulse control coupled with dysregulation of reward sen-
sitivity, which may help explain the etiology of psychiatric 
conditions.

Blunted activation of the brain to reward and chal-
lenges to cognitive control are observed in children who 
have not previously taken drugs. These conditions are also 
observed in adolescents at heightened risk for drug use 
relative to age-matched controls without psychopathology 
or a family history of drug use. This suggests that differ-
ences in reward and control processing may exist before 
exposure to drugs. These differences may contribute to 
comorbidity involving substance use and psychopathology 
and may explain why, in vulnerable persons, even a low 
level of exposure can tip the balance toward an addicted 
state (Gervais et al. 2006; DiFranza et al. 2007; Scragg et 
al. 2008).

Tobacco Dependence in Adolescence

Research demonstrates considerable variation in 
the length of time that youth report it takes to become 
addicted to using tobacco. The Hooked on Nicotine 

Checklist (HONC) was developed and validated specifi-
cally for assessing adolescents’ dependence on tobacco; 
endorsement of any 1 of the 10 “yes/no” items indicates 
dependence (DiFranza et al. 2000, 2002):

•	 Have you ever tried to quit but couldn’t?

•	 Do you smoke now because it is really hard to quit?

•	 Have you ever felt like you were addicted to tobacco?

•	 Do you ever have strong cravings to smoke?

•	 Have you ever felt like you really needed a cigarette?

•	 Is it hard to keep from smoking in places where you 
are not supposed to, like in school?

•	 When you tried to stop smoking (or when you have 
not used tobacco for a while):

 − Did you find it hard to concentrate because you 
couldn’t smoke?

 − Did you feel more irritable because you could not 
smoke?

 − Did you feel a strong need or urge to smoke?
 − Did you feel nervous, restless, or anxious because 

you could not smoke?

In a study by DiFranza and colleagues (2007), 
approximately 10% of middle school adolescents endorsed 
one or more HONC symptoms within 2 days after hav-
ing inhaled from a cigarette for the first time. In another 
study by Scragg and colleagues (2008), 25% of 14- and 
15-year-olds endorsed at least one HONC symptom after 
having smoked just one cigarette in their lives.

Using longitudinal data, one study computed the 
length of time taken by 25% of a sample of 12- to 13-year-
olds to transition from first cigarette puff to several mile-
stones for cigarette use (Gervais et al. 2006). Reports of 
feeling “mentally addicted to smoking cigarettes” and 
smoking one entire cigarette were made 2 to 3 months 
after the first puff, cravings for cigarettes about 4 to 5 
months later (than the first puff), and feeling “physically 
addicted to smoking cigarettes” about 5 to 6 months after 
the initial puff. Notably, these behaviors preceded monthly 
smoking, which was reported about 10 months after the 
first puff, and preceded having smoked 100 cigarettes, 
which was reached 20 months after the first puff.

These studies show that symptoms of tobacco depen-
dence are seen in some adolescents well in advance of reg-
ular smoking. Thus, at least for a subgroup of adolescents, 
the conceptualization of a stagewise progression toward 
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tobacco dependence may not be appropriate because these 
youth are immediately or rapidly reinforced for initial 
smoking. In brief, these adolescents appear to transition 
rapidly from a tobacco-naive state to a tobacco-dependent 
state. Early-emerging symptoms of nicotine dependence 
during adolescence, however, have been found to be a poor 
prognostic indicator for chronicity of smoking in adult-
hood (Dierker and Mermelstein 2010). 

Still, biological evidence is accumulating to sug-
gest that the adolescent brain may be particularly sus-
ceptible to the addictive properties of nicotine (Chambers 
et al. 2003). Human and animal studies of the adolescent 
brain have demonstrated heightened neuronal sensitivity 
to nicotine and other constituents of cigarettes (Belluzzi 
et al. 2004, 2005; Cao et al. 2007). In addition, exposing 
the developing brain to nicotine has been shown to alter 
its structure and function in a way that introduces long-
lasting vulnerability for addiction to nicotine and other 
substances of abuse (Leslie et al. 2004; Debry and Tiffany 
2008; Dao et al. 2011).

Developmental Processes: Prenatal 
Exposure to Nicotine

More than 15% of pregnant women in the United 
States smoke (SAMHSA 2010) despite the significant peri-
natal and postnatal risks of this behavior to their offspring 
(Salihu and Wilson 2007). Of note is that more than 20% of 
pregnant adolescents 15–17 years of age smoke (SAMHSA 
2010). Use of smokeless tobacco is common in Western 
Alaska Native pregnant women (58%), though less so over 
the entire state (17.8%), but still alarming rates in light of 
the prevalence in the general population of U.S. women of 
one-half of 1% (Renner et al. 2005; Kim et al. 2010). Use 
of smokeless tobacco is also prevalent (34%) among preg-
nant women in certain parts of India (Bloch et al. 2008). 
Nicotine (in tobacco smoke or in smokeless tobacco prod-
ucts) can have direct effects on nAChRs, which are already 
present in the brain and spinal cord of fetuses at 4 weeks 
of gestation (Hellström-Lindahl et al. 1998), suggesting 
that nAChRs play an important role in the development of 
the nervous system. Researchers performing animal stud-
ies (Slotkin 1998; Slikker et al. 2005) have surmised that 
prenatal exposure to nicotine affects neural development. 
Maternal smoking during pregnancy has been associated 
with increased risks for the offspring of ever smoking, 
regular (or current) smoking, and dependence on tobacco 
as preadolescents, adolescents, and young adults (Kandel 
et al. 1994; Kandel and Udry 1999; Cornelius et al. 2000; 
Buka et al. 2003; Al Mamun et al. 2006). However, some 

studies have not found such associations (Kandel et al. 
1994; Silberg et al. 2003; Cornelius et al. 2005; Knopik et 
al. 2005; Roberts et al. 2005; O’Callaghan et al. 2006), and 
so there is need for further investigation.

Prenatal exposure to nicotine affects outcomes 
among offspring through established deleterious influ-
ences on fetal growth or as part of a maternal profile of 
substance use or comorbid psychopathology (Cornelius et 
al. 2011). This kind of prenatal exposure may also alter the 
sensitivity of the offspring to later environmental influ-
ences (Abreu-Villaça et al. 2004), which could predispose 
the offspring to a given behavioral trajectory. Thus, the 
environmental influences would become the salient proxi-
mal risk factors for behavior and might mask, in statistical 
analysis, the changes in sensitivity initially conferred by 
prenatal exposure to nicotine. 

Summary

Future research should explore the influence of spe-
cific neural mechanisms at all stages of tobacco use and 
the relationships of such mechanisms with the underly-
ing genetic architecture. Future work should also explore 
how the brain integrates information from large social 
and physical environments, small social groups, and cog-
nitive factors to influence tobacco use behaviors in a mea-
surable way.

At this time, research on neurobiological mecha-
nisms that contributes to our knowledge of the etiology of 
tobacco use in humans lags significantly behind research 
on the other important influences on tobacco use sum-
marized in this chapter. So far, the evidence from the 
literature on animals and adult humans indicates that 
nicotine activates brain reward pathways (Stein et al. 
1998; Di Chiara 2000; Rose et al. 2003), the literature on 
adult humans indicates that smoking history is related to 
changes in the processing of reward and cognitive control 
(Anokhin et al. 2000; Martin-Sölch et al. 2001; Neuhaus et 
al. 2006; Musso et al. 2007), and the literature on adoles-
cents indicates that the same changes in system respon-
siveness seen in adult smokers (vs. nonsmokers) are seen 
in tobacco-naive adolescents at risk for smoking (because 
of psychiatric history or familial substance use) relative 
to controls (Schweinsburg et al. 2004; Tamm et al. 2004; 
Sterzer et al. 2005; Scheres et al. 2007; McNamee et al. 
2008; Rubia et al. 2008). These latter results suggest that 
differences in brain processing observed between adult 
smokers and nonsmokers may result from preexisting dif-
ferences in brain processing between these groups. Some 
smokers’ use of tobacco might be considered as part of a 
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general profile of psychopathology and high-risk behav-
ior and may not be a direct effect of brain processing on 
tobacco use. Although evidence from neuroimaging is 
consistent in that observed group differences occur in the 
same direction as lower or higher neural activation and 
in overlapping brain regions, the evidence is inconclusive 
as to whether neural processing is related to or causes 
tobacco use specifically. The evidence that genes play an 
important role in tobacco use behaviors is increasing in 
the literature and consistent across samples, age groups, 

and age cohorts. However, the presence of genetic risk 
alone is not sufficient for the expression of a tobacco use 
behavior. Environmental factors can modify the expres-
sion of genetic risk, making it impossible to conclude that 
genetic variation causes a specific tobacco use behavior. 
Rather, genetic predisposition likely interacts in complex 
ways with a number of environmental factors across the 
large social and physical environments and among small 
social groups.

Evidence Summary

This chapter covered four general levels of predic-
tors related to the etiology of tobacco use among youth. 
Risk factors at each of these levels are particularly potent 
for adolescents and young adults as they transition from 
childhood to adulthood. The changes in social expecta-
tions for these age groups, the further expansion of brain 
functioning, and the influence of peers provide a chang-
ing and challenging context with added vulnerability to 
tobacco use from 12 to 25 years of age.

Large Social and Physical 
Environments

Factors found in large social and physical environ-
ments may establish norms that affect tobacco use. For 
example, youth who participate in religious activity are 
less likely to smoke. The expression of other cultural 
values, such as using cigarettes as gifts, may, conversely, 
stimulate tobacco use. Educational attainment and aca-
demic achievement are consistently (and negatively) asso-
ciated with tobacco use from early adolescence to young 
adulthood. In addition, persons of lower SES may be more 
likely to smoke because of differential norms or as a reac-
tion to pressures, such as discrimination, or targeted 
marketing (see Chapter 5). Particularly in the developing 
world, women, who traditionally use tobacco products less 
often than men, have apparently been using tobacco more 
in recent years, perhaps as a reaction to increased mar-
keting appeals directed at them. Physical environments 
favorable to tobacco use—as might be demonstrated by 
the availability of ashtrays or smoking areas or the pres-
ence of advertising displays—may also influence tobacco 
use through implicit norms that favor use.

Small Social Groups

Social influences are among the most robust and 
consistent predictors of adolescent smoking. Peer influ-
ences seem to be especially salient, perhaps because ado-
lescence is a time during which school and peer group 
affiliations take on particular importance. Adolescents 
tend to overestimate the prevalence of smoking among 
their peers, and perceptions that one’s peers smoke con-
sistently predict use of tobacco. Another well-established 
finding is that adolescents are more likely to smoke if they 
have friends who smoke. Young smokers tend to affiliate 
with other young smokers, and both selection (of friends) 
and socialization (influences of friends) likely contribute 
to homogeneity in tobacco use among groups of friends. 
These processes that lead to homogeneity are not separate 
from, and are likely nested within, a similarity in factors in 
large social and physical environments, such as religion, 
social stratification, and ethnicity. In short, youth might 
be guided by those closest to them and by perceived social 
norms and then select and be influenced by peers to use or 
not use tobacco products.

Social network analyses have demonstrated that 
peer group structure uniquely contributes to the predic-
tion of youth smoking behavior. Youth who are able to mix 
successfully within small social groups are relatively less 
likely to conform to the tobacco use behavior of others 
than are isolates, who perhaps have fewer social skills or 
experience a sense of being lower in social status within 
a group. The fact that popular youth are relatively more 
likely to smoke in schools that have relatively greater con-
centrations of smokers suggests that smoking behavior 
among peer networks is also contingent on school-level 
norms and attempts to be liked by others in the group. 
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Research on group identification indicates that youth who 
self-identify as belonging to deviant groups are most likely 
to be smokers. In addition to these peer-related effects, 
smoking by parents and older siblings and the quality of 
family relationships and parenting practices are gener-
ally predictive of all levels of smoking among adolescents. 
However, parental disapproval of smoking is inconsis-
tently related to smoking by their children, and the effects 
of parental smoking may be mediated by such variables 
as the degree of monitoring and supervision provided by 
parents. Evidence from studies of young adults indicates 
there may be a continuing influence of parental smoking 
on the initiation and progression of smoking, although 
the studies are few and the findings are not sufficient for a 
definitive conclusion.

Intrapersonal Cognitive Processes

Beliefs about the consequences of tobacco use, 
decision-making capabilities, and the ability to regulate or 
monitor one’s behavior, all of which reflect deliberate or 
controlled cognitive processes, are predictive of tobacco 
use. For example, beliefs that tobacco use leads to posi-
tive social outcomes and is relatively safe, along with poor 
decision-making skills and difficulties in self-monitoring, 
are predictive of later tobacco use. These cognitive factors 
may be moderated by family-level protective factors or 
sociocultural factors, such as relatively high SES. Alterna-
tively, these cognitive factors may moderate the influence 
of sociocultural influences on the initiation of smoking. 
In addition, implicit attitudes (e.g., liking smoking) tend 
to be more positive among smokers, and measures of 
tobacco-related memory/implicit associations are predic-
tive of subsequent tobacco use. Thus, both deliberate and 
implicit cognitive processes may predict later tobacco use 
among youth. However, tobacco-related implicit associa-
tions are also potent predictors of smoking among youth 
whose working memory has a relatively lower capacity. 
Cognitive processes clearly play a key role in whether a 
person engages in risky behaviors, but more research is 
needed to clarify the interplay of controlled and automatic 
cognitive processes.

Genetic Factors and 
Neurobiological and 
Neurodevelopmental Processes

Heritability for tobacco use is more strongly associ-
ated with regular use and dependence than with the early 

stages of tobacco use, suggesting that addiction to tobacco 
may have a relatively strong genetic component. How-
ever, the expression of genetic risk for smoking is moder-
ated by small-group factors (e.g., peer smoking, parental 
monitoring, and engagement in team sports) and larger 
social environmental factors (e.g., school-level norms, 
the prevalence of smoking among popular kids). Youth 
at relatively greater risk for tobacco use show relatively 
less activation in brain structures associated with deci-
sion making and impulse control coupled with impair-
ment in sensitivity to reward. Thus, neurobiological input 
into cognitive-level factors may be associated with tobacco 
use. More research is needed, but some evidence suggests 
that some youth become dependent on nicotine shortly 
after trying tobacco. In addition, although available stud-
ies show mixed results, some evidence indicates that a 
mother’s smoking during pregnancy may increase the 
likelihood that her offspring will become regular smok-
ers. All of these neurobiological factors are moderated by 
other environmental factors, although they may affect the 
operation of these other factors as well.

Multilevel Influences on Tobacco 
Use

This chapter has focused on four primary levels of 
influence related to the etiology of tobacco use among 
adolescents and young adults. There are increasing 
numbers of studies that consider interactions between 
multiple levels of influence. Innovations in statistical 
techniques now allow for more sophisticated models that 
are helping to disentangle the relative contributions of 
nested factors important in the onset and progression of 
tobacco use among youth. Multilevel models, for example, 
are now being used to examine the relative influence of 
community-level, school-level, and individual-level risk 
and protective factors for tobacco use (Ali and Dwyer 2009; 
Mayberry et al. 2009; Wen et al. 2009; Ennett et al. 2010; 
Kelly et al. 2010; McVicar 2011). These studies suggest 
that proximal social influences (e.g., individual, peer and 
parental influences) are particularly potent predictors of 
tobacco use among young people, having a stronger, more 
direct, and more immediate influence than do macro-
level factors (e.g., the school climate, community norms). 
However, these macrolevel factors are also powerful pre-
dictors, since they are pervasive in society and because 
they strongly affect the proximal social influences. These 
studies underscore corresponding findings from recent 
reviews on peer (Simons-Morton and Farhart 2010) and 
parental influences on youth tobacco use (Emory et al. 
2010; Leonardi-Bee et al. 2011).
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Summary

Adolescence represents a critical period of vulner-
ability for the onset and progression of smoking. Under-
standing the etiology of tobacco use in youth and young 
adults can be complex. The determinants of adolescent 
and young adult smoking are many and interrelated. 
Smoking uptake and progression is determined by the 
concurrent and joint contributions of the biological, psy-
chosocial, and environmental factors identified in this 
chapter. The identified influences may exert small to large 
effects across adolescents’ transitions from initiation to 

experimentation to regular use. Similarly, these factors 
may be more or less influential across developmental peri-
ods. For example, parental risk factors tend to become 
less important relative to peer risk factors with increasing 
age. New areas of research about the etiology of smoking 
among young people have been developing rapidly since 
the publication of the last Surgeon General’s report on 
youth (USDHHS 1994) and have been summarized in this 
chapter. Much more remains to be learned, especially in 
the area of cognitions and the neurobiology of smoking 
risk and the development of tobacco dependence.

Conclusions

1. Given their developmental stage, adolescents and 
young adults are uniquely susceptible to social and 
environmental influences to use tobacco. 

2. Socioeconomic factors and educational attainment 
influence the development of youth smoking behav-
ior. The adolescents most likely to begin to use 
tobacco and progress to regular use are those who 
have lower academic achievement.

3. The evidence is sufficient to conclude that there 
is a causal relationship between peer group social  

influences and the initiation and maintenance of 
smoking behaviors during adolescence. 

4. Affective processes play an important role in youth 
smoking behavior, with a strong association between 
youth smoking and negative affect.

5. The evidence is suggestive that tobacco use is a heri-
table trait, more so for regular use than for onset. The 
expression of genetic risk for smoking among young 
people may be moderated by small-group and larger 
social-environmental factors.



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  461

Preventing Tobacco Use Among Youth and Young Adults

References

Abel G, Plumridge L, Graham P. Peers, networks or rela-
tionships: strategies for understanding social dynamics 
as determinants of smoking behavior. Drugs: Educa-
tion, Prevention and Policy 2002;9(4):325–38.

Abreu-Villaça Y, Seidler FJ, Slotkin TA. Does prenatal nic-
otine exposure sensitize the brain to nicotine-induced 
neurotoxicity in adolescence? Neuropsychopharmacol-
ogy 2004;29(8):1440–50.

Abroms L, Simons-Morton B, Haynie DL, Chen R. Psycho-
social predictors of smoking trajectories during middle 
and high school. Addiction 2005;100(6):852–61.

Adams ML, Jason LA, Pokorny S, Hunt Y. The relationship 
between school policies and youth tobacco use. Journal 
of School Health 2009;79(1):17–23.

Afifi ZE. Daily practices, study performance and health 
during the Ramadan fast. Journal of the Royal Society 
for the Promotion of Health 1997;117(4):231–45.

Al Mamun A, O’Callaghan FV, Alati R, O’Callaghan M, Naj-
man JM, Williams GM, Bor W. Does maternal smok-
ing during pregnancy predict the smoking patterns of 
young adult offspring: a birth cohort study. Tobacco 
Control 2006;15(6):452–7.

Alamar B, Glantz SA. Effect of increased social unaccept-
ability of cigarette smoking on reduction in cigarette 
consumption. American Journal of Public Health 2006; 
96(8):1359–63.

Alesci NL, Forster JL, Blaine T. Smoking visibility, per-
ceived acceptability, and frequency in various loca-
tions among youth and adults. Preventive Medicine 
2003;36(3):272–81.

Alexander C, Piazza M, Mekos D, Valente T. Peers, schools, 
and adolescent cigarette smoking. Journal of Adoles-
cent Health 2001:29(1):22–30.

Allen B Jr, Unger JB. Sociocultural correlates of men-
thol cigarette smoking among adult African Ameri-
cans in Los Angeles. Nicotine & Tobacco Research 
2007;9(4):447–51.

Ali MM, Dwyer DS. Estimating peer effects in adolescent 
smoking behavior: a longitudinal analysis. Journal of 
Adolescent Health 2009;45(4):402–8.

Aloise-Young PA, Graham JW, Hansen WB. Peer influence 
on smoking initiation during early adolescence: a com-
parison of group members and group outsiders. Jour-
nal of Applied Psychology 1994;79(2):281–7.

Aloise-Young PA, Kaeppner CJ. Sociometric status as a 
predictor of onset and progression in adolescent ciga-
rette smoking. Nicotine & Tobacco Research 2005;7(2): 
199–206.

American Indian Tobacco Education Network. American 
Indian Tobacco Education Network, 2000: Campaign 
Reports Addressing the Areas of: Cessation Services, 
Countering Pro-Tobacco Influences, Social Source 
Access to Commercial Tobacco, and Environmental 
Tobacco Smoke. Sacramento (CA): American Indian 
Tobacco Education Network, 2000. 

Americans for Nonsmokers’ Rights. Smokefree Transpor-
tation Chronology. 2005; <http://no-smoke.org/docu-
ment.php?id=334>; accessed: May 1, 2009.

Ames SL, Franken IHA, Coronges K. Implicit cognition 
and drugs of abuse. In: Wiers RW, Stacy AW, editors. 
Handbook of Implicit Cognition and Addiction. Thou-
sand Oaks (CA): Sage Publications, 2006:363–78.

Ames SL, Grenard JL, Thush C, Sussman S, Wiers RW, 
Stacy AW. Comparison of indirect assessments of asso-
ciation as predictors of marijuana use among at-risk 
adolescents. Experimental and Clinical Psychophar-
macology 2007;15(2):204–18.

Andrews JA, Hampson SE, Barckley M, Gerrard M, Gib-
bons FX. The effect of early cognitions on cigarette and 
alcohol use during adolescence. Psychology of Addic-
tive Behaviors 2008;22(1):96–106. 

Andrews JA, Hops H, Duncan SC. Adolescent modeling of 
parent substance use: the moderating effect of the rela-
tionship with the parent. Journal of Family Psychology 
1997;11(3):259–70.

Andrews JA, Tildesley E, Hops H, Li F. The influence of 
peers on young adult substance use. Health Psychol-
ogy 2002;21(4):349–57. 

Anokhin AP, Vedeniapin AB, Sirevaag EJ, Bauer LO, 
O’Connor SJ, Kuperman S, Porjesz B, Reich T, Begleiter 
H, Polich J, et al. The P300 brain potential is reduced 
in smokers. Psychopharmacology 2000;149(4):409–13.

Arnett JJ. Emerging adulthood: a theory of development 
from the late teens through the twenties. American 
Psychologist 2000;55(5):469–80. 

Arnett JJ. The myth of peer influence in adolescent smok-
ing initiation. Health Education & Behavior 2007; 
34(4):594–607.

Audrain-McGovern J, Rodriguez D, Kassel JD. Ado-
lescent smoking and depression: evidence for self-
medication and peer smoking mediation. Addiction 
2009;104(10):1743–56.

Audrain-McGovern J, Rodriguez D, Patel V, Faith MS, Rod-
gers K, Cuevas J. How do psychological factors influ-
ence adolescent smoking progression: the evidence for 
indirect effects through tobacco advertising receptivity. 
Pediatrics 2006a;117(4):1216–25.

http://no-smoke.org/document.php?id=334
http://no-smoke.org/document.php?id=334


Surgeon General’s Report

462 Chapter 4

Audrain-McGovern J, Rodriguez D, Tercyak KP, Cuevas J, 
Rodgers K, Patterson F. Identifying and characterizing 
adolescent smoking trajectories. Cancer Epidemiol-
ogy, Biomarkers & Prevention 2004;13(12):2023–34.

Audrain-McGovern J, Rodriguez D, Tercyak KP, Neuner 
G, Moss HB. The impact of self-control indices on peer 
smoking and adolescent smoking progression. Journal 
of Pediatric Psychology 2006b;31(2):139–51.

Audrain-McGovern J, Rodriguez D, Wileyto EP, Schmitz 
KH, Shields PG. Effect of team sport participation on 
genetic predisposition to adolescent smoking pro-
gression. Archives of General Psychiatry 2006c;63(4): 
433–41.

Ausems M, Mesters I, van Breukelen G, de Vries H. Do 
Dutch 11-12 years olds who never smoke, smoke exper-
imentally or smoke regularly have different demo-
graphic backgrounds and perceptions of smoking? 
European Journal of Public Health 2003;13(2):160–7.

Avenevoli S, Merikangas KR. Familial influences on ado-
lescent smoking. Addiction 2003;98(Suppl 1):S1–S20.

Bachman JG, O’Malley PM, Schulenberg JE, Johnston LD, 
Bryant AL, Merlin AC. The Decline of Substance Use in 
Young Adulthood: Changes in Social Activities, Roles, 
and Beliefs. Mahwah (NJ): Lawrence Erlbaum Associ-
ates, 2001.

Balfour DJ. Neuroplasticity within the mesoaccumbens 
dopamine system and its role in tobacco dependence. 
Current Drug Targets, CNS and Neurological Disor-
ders 2002;1(4):413–21.

Bandura A. Self-efficacy: toward a unifying theory of behav-
ior change. Psychological Review 1977a;84(2):191–215.

Bandura A. Social Learning Theory. Englewood Cliffs 
(NJ): Prentice Hall, 1977b.

Bargh JA, Chartrand TL. The unbearable automaticity of 
being. American Psychologist 1999;54(7):462–79.

Barnett JR. Does place of residence matter: contextual 
effects and smoking in Christchurch. New Zealand 
Medical Journal 2000;113(1120):433–5.

Bartkowski JP, Xu X. Religiosity and teen drug use recon-
sidered: a social capital perspective. American Journal 
of Preventive Medicine 2007;32(6 Suppl):S182–S194.

Barton JL, Chassin L, Presson CC, Sherman SJ. Social 
image factors as motivators of smoking initiation in 
early and middle adolescence. Child Development 
1982;53(6):1499–511.

Bassett JF, Dabbs JM Jr. A portable version of the go/no-go 
association task (GNAT). Behavior Research Methods 
2005;37(3):506–12.

Battistich V, Hom A. The relationship between students’ 
sense of their school as a community and their involve-
ment in problem behaviors. American Journal of Pub-
lic Health 1997;87(12):1997–2001.

Bauman KE, Botvin GJ, Botvin EM, Baker E. Normative 
expectations and the behavior of significant others: 
an integration of traditions in research on adoles-
cents’ cigarette smoking. Psychological Reports 1992; 
71(2):568–70.

Bauman KE, Carver K, Gleiter K. Trends in parent and 
friend influence during adolescence: the case of 
adolescent cigarette smoking. Addictive Behaviors 
2001;26(3):349–61.

Bauman KE, Ennett ST. On the importance of peer influ-
ence for adolescent drug use: commonly neglected 
considerations. Addiction 1996;91(2):185–98.

Bauman KE, Fisher LA. On the measurement of friend 
behavior in research on friend influence and selection: 
findings from longitudinal studies of adolescent smok-
ing and drinking. Journal of Youth and Adolescence 
1986;15(4):345–53.

Baumann M, Spitz E, Guillemin F, Ravaud J-F, Choquet 
M, Falissard B, Chau N, Lorhandicap Group. Associa-
tions of social and material deprivation with tobacco, 
alcohol, and psychotropic drug use, and gender: a pop-
ulation-based study. International Journal of Health 
Geographics 2007;6:50.

Baumrind D. Familial antecedents of adolescent drug use: 
a developmental perspective. NIDA Research Mono-
graph 1985;56:13–44.

Bechara A, Damasio H. Decision-making and addiction 
(part I): impaired activation of somatic states in sub-
stance dependent individuals when pondering decisions 
with negative future consequences. Neuropsychologia 
2002;40(10):1675–89.

Beebe LA, Vesely SK, Oman RF, Tolma E, Aspy CB, Rodine 
S. Protective assets for non-use of alcohol, tobacco 
and other drugs among urban American Indian youth 
in Oklahoma. Maternal and Child Health Journal 
2008;12(Suppl 1):82–90. 

Belluzzi JD, Lee AG, Oliff HS, Leslie FM. Age-dependent 
effects of nicotine on locomotor activity and condi-
tioned place preference in rats. Psychopharmacology 
2004;174(3):389–95.

Belluzzi JD, Wang R, Leslie FM. Acetaldehyde enhances 
acquisition of nicotine self-administration in adoles-
cent rats. Neuropsychopharmacology 2005;30(4): 
705–12.

Bergen AW, Korczak JF, Weissbecker KA, Goldstein AM. A 
genome-wide search for loci contributing to smoking 
and alcoholism. Genetic Epidemiology 1999;17(Suppl 
1):S55–S60.

Bernat DH, Erickson DJ, Widome R, Perry CL, Forster JL. 
Adolescent smoking trajectories: results from a popula-
tion-based cohort study. Journal of Adolescent Health 
2008;43(4):334–40.



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  463

Preventing Tobacco Use Among Youth and Young Adults

Bethel JW, Schenker MB. Acculturation and smoking pat-
terns among Hispanics: a review. American Journal of 
Preventive Medicine 2005;29(2):143–8.

Beuten J, Ma JZ, Payne TJ, Dupont RT, Cres KM, Somes G, 
Williams NU, Elston RC, Li MD. Single- and multilocus 
allelic variants within the GABAB receptor subunit 2 
(GABAB2) gene are significantly associated with nico-
tine dependence. American Journal of Human Genet-
ics 2005;76(5):859–64.

Beuten J, Ma JZ, Payne TJ, Dupont RT, Lou XY, Crews 
KM, Elston RC, Li MD. Association of specific haplo-
types of Neurotrophic Tyrosine Kinase Receptor 2 gene 
(NTKR2) with vulnerability to nicotine dependence in 
African-Americans and European-Americans. Biologi-
cal Psychiatry 2007;61(1):48–55.

Bierut LJ. Convergence of genetic findings for nicotine 
dependence and smoking related diseases with chro-
mosome 15q24-25. Trends in Pharmacological Sci-
ences 2010;31(1):46–51.

Bierut LJ, Rice JP, Goate A, Hinrichs AL, Saccone NL, 
Foroud T, Edenberg HJ, Cloninger CR, Begleiter H, Con-
neally PM, et al. A genomic scan for habitual smoking 
in families of alcoholics: common and specific genetic 
factors in substance dependence. American Journal of 
Medical Genetics Part A 2004;124A(1):19–27.

Biglan A, Duncan TE, Ary DV, Smolkowski K. Peer and 
parental influences on adolescent tobacco use. Journal 
of Behavioral Medicine 1995;18(4):315–30.

Bisol LW, Soldado F, Albuquerque C, Lorenzi TM, Lara DR. 
Emotional and affective temperaments and cigarette 
smoking in a large sample. Journal of Affective Disor-
ders 2010;127(1-3):89–95.

Bloch M, Althabe F, Onyamboko M, Kaseba-Sata C, Cas-
tilla EE, Freire S, Garces AL, Parida S, Goudar SS, 
Kadir MM, et al. Tobacco use and secondhand smoke 
exposure during pregnancy: an investigative survey of 
women in 9 developing nations. American Journal of 
Public Health 2008;98(10):1833–40.

Blyth DA, Hill JP, Thiel KS. Early adolescents’ signifi-
cant others: grade and gender differences in perceived 
relationships with familial and nonfamilial adults 
and young people. Journal of Youth and Adolescence 
1982;11(6):425–50.

Boardman JD, Saint Onge JM, Haberstick BC, Timber-
lake DS, Hewitt JK. Do schools moderate the genetic 
determinants of smoking? Behavior Genetics 2008; 
38(3):234–46.

Bond L, Butler H, Thomas L, Carlin J, Glover S, Bowes G, 
Patton G. Social and school connectedness in early sec-
ondary school as predictors of late teenage substance 
use, mental health, and academic outcomes. Journal of 
Adolescent Health 2007;40(4):357.e9–357.e18.

Boomsma DI, Koopmans JR, Van Doornen LJ, Orlebeke 
JF. Genetic and social influences on starting to smoke: 
a study of Dutch adolescent twins and their parents. 
Addiction 1994;89(2):219–26.

Borrell LN, Jacobs DR Jr, Williams DR, Pletcher MJ, Hous-
ton TK, Kiefe CI. Self-reported racial discrimination 
and substance use in the Coronary Artery Risk Develop-
ment in Adults Study. American Journal of Epidemiol-
ogy 2007;166(9):1068–79.

Botvin GJ, Baker E, Botvin EM, Dusenbury L, Cardwell 
J, Diaz T. Factors promoting cigarette smoking among 
black youth: a causal modeling approach. Addictive 
Behaviors 1993;18(4):397–405.

Botvin GJ, Baker E, Goldberg CJ, Dusenbury L, Botvin 
EM. Correlates and predictors of smoking among black 
adolescents. Addictive Behaviors 1992a;17(2):97–103.

Botvin GJ, Botvin EM, Baker E, Dusenbury L, Goldberg 
CJ. The false consensus effect: predicting adolescents’ 
tobacco use from normative expectations. Psychologi-
cal Reports 1992b;70(1):171–8.

Boyle RG, Claxton AJ, Forster JL. The role of social influ-
ences and tobacco availability on adolescent smoke-
less tobacco use. Journal of Adolescent Health 1997; 
20(4):279–85.

Bradby H. Watch out for the aunties: young British Asians’ 
accounts of identity and substance use. Sociology of 
Health & Illness 2007;29(5):656–72.

Brandon TH, Baker TB. The Smoking Consequences Ques-
tionnaire: the subjective expected utility of smoking 
in college students. Psychological Assessment 1991; 
3(3):484–91.

Brandon TH, Herzog TA, Irvin JE, Gwaltney CJ. Cognitive 
and social learning models of drug dependence: impli-
cations for the assessment of tobacco dependence in 
adolescents. Addiction 2004;99(Suppl 1):S51–S77. 

Brandon TH, Juliano LM, Copeland AL. Expectancies for 
tobacco smoking. In: Kirsh I, editor. How Expectancies 
Shape Experience. Washington: American Psychologi-
cal Association, 1999.

Bricker JB, Peterson AV Jr, Andersen MR, Leroux BG, 
Bharat Rajan K, Sarason IG. Close friends’, parents’, 
and older siblings’ smoking: reevaluating their influ-
ence on children’s smoking. Nicotine & Tobacco 
Research 2006a;8(2):217–26.

Bricker JB, Peterson AV Jr, Leroux BG, Andersen MR, 
Rajan KB, Sarason IG. Prospective prediction of chil-
dren’s smoking transitions: role of parents’ and older 
siblings’ smoking. Addiction 2006b;101(1):128–36.

Bricker JB, Peterson AV Jr, Sarason IG, Andersen MR, 
Rajan KB. Changes in the influence of parents’ and 
close friends’ smoking on adolescent smoking transi-
tions. Addictive Behaviors 2007;32(4):740–57. 



Surgeon General’s Report

464 Chapter 4

Brody AL. Functional brain imaging of tobacco use and 
dependence. Journal of Psychiatric Research 2006; 
40(5):404–18.

Broms U, Silventoinen K, Madden PA, Heath AC, Kaprio 
J. Genetic architecture of smoking behavior: a study of 
Finnish adult twins. Twin Research and Human Genet-
ics 2006;9(1):64–72.

Brook JS, Duan T, Brook DW, Ning Y. Pathways to nic-
otine dependence in African American and Puerto 
Rican young adults. American Journal on Addictions 
2007;16(6):450–6.

Brook JS, Pahl K, Ning Y. Peer and parental influences 
on longitudinal trajectories of smoking among Afri-
can Americans and Puerto Ricans. Nicotine & Tobacco 
Research 2006;8(5):639–51.

Brook JS, Whiteman M, Czeisler LJ, Shapiro J, Cohen 
P. Cigarette smoking in young adults: childhood and 
adolescent personality, familial, and peer antecedents. 
Journal of Genetic Psychology 1997;158(2):172–88.

Brown BB. Adolescents’ relationships with peers. In: Ler-
ner RM, Steinberg L, editors. Handbook of Adolescent 
Psychology. 2nd ed. Hoboken (NJ): John Wiley & Sons, 
2004:363–94.

Buka SL, Shenassa ED, Niaura R. Elevated risk of tobacco 
dependence among offspring of mothers who smoked 
during pregnancy: a 30-year prospective study. Ameri-
can Journal of Psychiatry 2003;160(11):1978–84.

Cao J, Belluzzi JD, Loughlin SE, Keyler DE, Pentel PR, 
Leslie FM. Acetaldehyde, a major constituent of tobacco 
smoke, enhances behavioral, endocrine, and neuronal 
responses to nicotine in adolescent and adult rats. Neu-
ropsychopharmacology 2007;32(9):2025–35.

Carvajal SC, Granillo TM. A prospective test of distal and 
proximal determinants of smoking initiation in early 
adolescents. Addictive Behaviors 2006;31(4):649–60.

Castro FG. Physiological, psychological, social, and cul-
tural influences on the use of menthol cigarettes 
among blacks and Hispanics. Nicotine & Tobacco 
Research 2004;6(Suppl 1):S29–S41.

Centers for Disease Control and Prevention. State smoking 
restrictions for private-sector worksites, restaurants, 
and bars—United States, 2004 and 2007. Morbidity and 
Mortality Weekly Report 2008;57(20):549–2.

Centers for Disease Control and Prevention. Vital signs: 
current cigarette smoking among adults aged ≥18 
years—United States, 2005–2010. Morbidity and Mor-
tality Weekly Report 2011;66(35):1207–12.

Chae DH, Takeuchi DT, Barbeau EM, Bennett GG, Lind-
sey J, Krieger N. Unfair treatment, racial/ethnic dis-
crimination, ethnic identification, and smoking among 
Asian Americans in the National Latino and Asian 

American study. American Journal of Public Health 
2008;98(3):485–92.

Chambers RA, Taylor JR, Potenza MN. Developmental 
neurocircuitry of motivation in adolescence: a critical 
period of addiction vulnerability. American Journal of 
Psychiatry 2003;160(6):1041–52.

Chan WC, Leatherdale ST. Tobacco retailer density sur-
rounding schools and youth smoking behaviour: a 
multi-level analysis. Tobacco Induced Diseases 2011; 
9(1):9.

Chassin L, Presson CC, Pitts SC, Sherman SJ. The natural 
history of cigarette smoking from adolescence to adult-
hood in a midwestern community sample: multiple 
trajectories and their psychosocial correlates. Health 
Psychology 2000;19(3):223–31.

Chassin L, Presson CC, Rose JS, Sherman SJ. The natu-
ral history of cigarette smoking from adolescence to 
adulthood: demographic predictors of continuity and 
change. Health Psychology 1996;15(6):478–84.

Chassin L, Presson CC, Rose J, Sherman SJ, Davis M, Gon-
zalez JL. Parenting style and smoking-specific parent-
ing practices as predictors of adolescent smoking onset. 
Journal of Pediatric Psychology 2005;30(4):333–44.

Chassin L, Presson CC, Rose J, Sherman SJ, Prost J. Paren-
tal smoking cessation and adolescent smoking. Journal 
of Pediatric Psychology 2002;27(6):485–96.

Chassin L, Presson C, Seo D-C, Sherman SJ, Macy J, 
Wirth RJ, Curran P. Multiple trajectories of cigarette 
smoking and the intergenerational transmission of 
smoking: a multigenerational, longitudinal study of 
a Midwestern community sample. Health Psychology 
2008;27(6):819–28.

Chassin L, Presson CC, Sherman SJ, Montello D, McGrew 
J. Changes in peer and parent influence during adoles-
cence: longitudinal versus cross-sectional perspectives 
on smoking initiation. Developmental Psychology 
1986;22(3):327–34.

Chassin L, Presson CC, Todd M, Rose JS, Sherman SJ. 
Maternal socialization of adolescent smoking: the 
intergenerational transmission of parenting and smok-
ing. Developmental Psychology 1998;34(6):1189–201.

Chaudhri N, Caggiula AR, Donny EC, Booth S, Gharib M, 
Craven L, Palmatier MI, Liu X, Sved AF. Self-adminis-
tered and noncontingent nicotine enhance reinforced 
operant responding in rats: impact of nicotine dose 
and reinforcement schedule. Psychopharmacology 
2007;190(3):353–62.

Chen X, Stanton B, Fang X, Li X, Lin D, Zhang J, Liu H, 
Yang H. Perceived smoking norms, socioenvironmen-
tal factors, personal attitudes and adolescent smoking 
in China: a mediation analysis with longitudinal data. 
Journal of Adolescent Health 2006;38(4):359–68.



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  465

Preventing Tobacco Use Among Youth and Young Adults

Chen X, Unger JB, Cruz TB, Johnson CA. Smoking pat-
terns of Asian-American youth in California and their 
relationship with acculturation. Journal of Adolescent 
Health 1999a;24(5):321–8.

Chen X, Unger JB, Johnson CA. Is acculturation a risk 
factor for early smoking initiation among Chinese 
American minors: a comparative perspective. Tobacco 
Control 1999b;8(4):402–10.

Choi S, Rankin S, Stewart A, Oka R. Effects of accultura-
tion on smoking behavior in Asian Americans: a meta-
analysis. Journal of Cardiovascular Nursing 2008; 
23(1):67–73.

Choi WS, Ahluwalia JS, Harris KJ, Okuyemi K. Progres-
sion to established smoking: the influence of tobacco 
marketing. American Journal of Preventive Medicine 
2002;22(4):228–33.

Choi WS, Harris KJ, Okuyemi K, Ahluwalia JS. Predic-
tors of smoking initiation among college-bound high 
school students. Annals of Behavioral Medicine 2003; 
26(1):69–74.

Chuang YC, Cubbin C, Ahn D, Winkleby MA. Effects 
of neighborhood socioeconomic status and conve-
nience store concentration on individual level smok-
ing. Journal of Epidemiology and Community Health 
2005a;59(7):568–73.

Chuang YC, Ennett ST, Bauman KE, Foshee VA. Neigh-
borhood influences on adolescent cigarette and alco-
hol use: mediating effects through parent and peer 
behaviors. Journal of Health and Social Behavior 
2005b;46(2):187–204.

Church of Jesus Christ of Latter-Day Saints. Doctrine and 
covenants of the Church of Jesus Christ of Latter-Day 
Saints, Section 89, 2006; <http://scriptures.lds.org/
dc/89>; accessed: May 1, 2009.

Clark PI, Scarisbrick-Hauser A, Gautam SP, Wirk SJ. Anti-
tobacco socialization in homes of African-American 
and white parents, and smoking and nonsmoking par-
ents. Journal of Adolescent Health 1999;24(5):329–39.

Cohen JM. Sources of peer group homogeneity. Sociology 
of Education 1977;50(4):227–41.

Cohen DA, Richardson J, LaBree L. Parenting behaviors 
and the onset of smoking and alcohol use: a longitudi-
nal study. Pediatrics 1994;94(3):368–75.

Colder CR, Mehta P, Balanda K, Campbell RT, Mayhew 
KP, Stanton WR, Pentz MA, Flay BR. Identifying tra-
jectories of adolescent smoking: an application of 
latent growth mixture modeling. Health Psychology 
2001;20(2):127–35.

Colvin PJ, Mermelstein RJ. Adolescents’ smoking out-
come expectancies and acute emotional responses fol-
lowing smoking. Nicotine & Tobacco Research 2010; 
12(12):1203–10. 

Conrad KM, Flay BR, Hill D. Why children start smoking 
cigarettes: predictors of onset. British Journal of Addic-
tion 1992;87(12):1711–24.

Coogan PF, Adams M, Geller AC, Brooks D, Miller DR, Lew 
RA, Koh HK. Factors associated with smoking among 
children and adolescents in Connecticut. American 
Journal of Preventive Medicine 1998;15(1):17–24.

Cook TD. The case for studying multiple contexts simulta-
neously. Addiction 2003;98(Suppl1):151–5.

Cornelius MD, De Genna NM, Leech SL, Willford JA, Gold-
schmidt L, Day NL. Effects of prenatal cigarette smoke 
exposure on neurobehavioral outcomes in 10-year-old 
children of adolescent mothers. Neurotoxicology and 
Teratology 2011;33(1):137–44.

Cornelius MD, Leech SL, Goldschmidt L, Day NL. Prenatal 
tobacco exposure: is it a risk factor for early tobacco 
experimentation? Nicotine & Tobacco Research 2000; 
2(1):45–52.

Cornelius MD, Leech SL, Goldschmidt L, Day NL. Is pre-
natal tobacco exposure a risk factor for early adolescent 
smoking: a follow-up study. Neurotoxicology and Tera-
tology 2005;27(4):667–76.

Côté F, Godin G, Gagné C. Identification of factors promot-
ing abstinence from smoking in a cohort of elemen-
tary schoolchildren. Preventive Medicine 2004;39(4): 
695–703.

Covington MV, Omelich CL. I can resist anything but 
temptation: adolescent expectations for smoking ciga-
rettes. Journal of Applied Social Psychology 1988;18(3): 
203–27.

Cox RG, Zhang L, Johnson WD, Bender DR. Academic per-
formance and substance use: findings from a state sur-
vey of public high school students. Journal of School 
Health 2007;77(3):109–15.

Cubbin C, Hadden WC, Winkleby MA. Neighborhood con-
text and cardiovascular disease risk factors: the con-
tribution of material deprivation. Ethnicity & Disease 
2001;11(4):687–700.

Cummings KM, Morley CP, Horan JK, Steger C, Leavell 
N-R. Marketing to America’s youth: evidence from 
corporate documents. Tobacco Control 2002;11(Suppl 
1):i5–i17.

Cunningham JA, Selby PL. Implications of the normative 
fallacy in young adult smokers aged 19–24 years. Amer-
ican Journal of Public Health 2007;97(8):1399–400.

Dani JA, Heinemann S. Molecular and cellular aspects of 
nicotine abuse. Neuron 1996;16(5):905–8.

Dao JM, McQuown SC, Loughlin SE, Belluzzi JD, Leslie 
FM. Nicotine alters limbic function in adolescent rat by 
a 5-HT1A receptor mechanism. Neuropsychopharma-
cology 2011;36(7):1319–31.

http://scriptures.lds.org/dc/89
http://scriptures.lds.org/dc/89


Surgeon General’s Report

466 Chapter 4

Darling H, Reeder AI, McGee R, Williams S. Brief 
report: disposable income, and spending on fast food, 
alcohol, cigarettes, and gambling by New Zealand  
secondary school students. Journal of Adolescence 
2006;29(5):837–43.

Datta GD, Subramanian SV, Colditz GA, Kawachi I, Palmer 
JR, Rosenberg L. Individual, neighborhood, and state-
level predictors of smoking among US Black women: 
a multilevel analysis. Social Science & Medicine 2006; 
63(4):1034–44.

De Houwer J, Custers R, De Clercq A. Do smokers have a 
negative implicit attitude toward smoking? Cognition 
& Emotion 2006;20(8):1274–84.

de Vries H, Candel M, Engels R, Mercken L. Challenges 
to the peer influence paradigm: results for 12–13 year 
olds from six European countries from the European 
Smoking Prevention Framework Approach study. 
Tobacco Control 2006;15(2):83–9.

DeBry SC, Tiffany ST. Tobacco-induced neurotoxicity of 
adolescent cognitive development (TINACD): a pro-
posed model for the development of impulsivity in 
nicotine dependence. Nicotine & Tobacco Research 
2008;10(1):11–25.

den Exter Blokland EA, Engels RC, Hale WW 3rd, Meeus 
W, Willemsen MC. Lifetime parental smoking history 
and cessation and early adolescent smoking behavior. 
Preventive Medicine 2004;38(3):359–68.

Dewey JD. Reviewing the relationship between school 
factors and substance use for elementary, middle, and 
high school students. Journal of Primary Prevention 
1999;19(3):177–225.

Di Chiara G. Role of dopamine in the behavioural actions 
of nicotine related to addiction. European Journal of 
Pharmacology 2000;393(1–3):295–314.

Dick DM, Pagan JL, Viken R, Purcell S, Kaprio J, Pulkki-
nen L, Rose RJ. Changing environmental influences on 
substance use across development. Twin Research and 
Human Genetics 2007a;10(2):315–26.

Dick DM, Viken R, Purcell S, Kaprio J, Pulkkinen L, Rose 
RJ. Parental monitoring moderates the importance 
of genetic and environmental influences on ado-
lescent smoking. Journal of Abnormal Psychology 
2007b;116(1):213–8.

Diego MA, Field TM, Sanders CE. Academic performance, 
popularity, and depression predict adolescent sub-
stance use. Adolescence 2003;38(149):35–42.

Dierker L, Mermelstein R. Early emerging nicotine-depen-
dence symptoms: a signal of propensity for chronic 
smoking behavior in adolescents. Journal of Pediatrics 
2010;156(5):818–22.

Dierker LC, Avenevoli S, Goldberg A, Glantz M. Defin-
ing subgroups of adolescents at risk for experimental 

and regular smoking. Prevention Science 2004;5(3): 
169–83.

DiFranza JR, Rigotti NA, McNeill AD, Ockene JK, Sava-
geau JA, St Cyr D, Coleman M. Initial symptoms of 
nicotine dependence in adolescents. Tobacco Control 
2000;9(3):313–9.

DiFranza JR, Savageau JA, Fletcher K, Ockene JK, Rigotti 
NA, McNeill AD, Coleman M, Wood C. Measuring the 
loss of autonomy over nicotine use in adolescents: the 
DANDY (Development and Assessment of Nicotine 
Dependence in Youths) study. Archives of Pediatrics & 
Adolescent Medicine 2002;156(4):397–403.

DiFranza JR, Savageau JA, Fletcher K, O’Loughlin J, 
Pbert L, Ockene JK, McNeill AD, Hazelton J, Fried-
man K, Dussault G, et al. Symptoms of tobacco depen-
dence after brief intermittent use: the Development 
and Assessment of Nicotine Dependence in Youth-2 
study. Archives of Pediatrics & Adolescent Medicine 
2007;161(7):704–10.

DiFranza JR, Wellman RJ, Sargent JD, Weitzman M, 
Hipple BJ, Winickoff JP, Tobacco Consortium, Center 
for Child Health Research of the American Academy 
of Pediatrics. Tobacco promotion and the initiation of 
tobacco use: assessing the evidence for causality. Pedia-
trics 2006;117(6):e1237–e1248.

Dishion TJ, Capaldi D, Spracklen KM, Li F. Peer ecology of 
male adolescent drug use. Development and Psychopa-
thology 1995;7(4):803–24.

Dishion TJ, Capaldi DM, Yoerger K. Middle childhood ante-
cedents to progressions in male adolescent substance 
use: an ecological analysis of risk and protection. Jour-
nal of Adolescent Research 1999;14(2):175–205.

Distefan JM, Gilpin EA, Choi WS, Pierce JP. Parental 
influences predict adolescent smoking in the United 
States, 1989–1993. Journal of Adolescent Health 1998; 
22(6):466–74.

Distefan JM, Pierce JP, Gilpin EA. Do favorite movie stars 
influence adolescent smoking initiation? American 
Journal of Public Health 2004;94(7):1239–44.

Doherty WJ, Allen W. Family functioning and parental 
smoking as predictors of adolescent cigarette use: a six-
year prospective study. Journal of Family Psychology 
1994;8(3):347–53.

Dornbusch SM, Erickson KG, Laird J, Wong, CA. The rela-
tion of family and school attachment to adolescent 
deviance in diverse groups and communities. Journal 
of Adolescent Research 2001;16(4):396–422.

Dragano N, Bobak M, Wege N, Peasey A, Verde PE, 
Kubinova R, Weyers S, Moebus S, Möhlenkamp S, 
Stang A, et al. Neighbourhood socioeconomic status 
and cardiovascular risk factors: a multilevel analysis of 
nine cities in the Czech Republic and Germany. BMC 
Public Health 2007;7:255.



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  467

Preventing Tobacco Use Among Youth and Young Adults

Duggirala R, Almasy L, Blangero J. Smoking behavior is 
under the influence of a major quantitative trait locus 
on human chromosome 5q. Genetic Epidemiology 
1999;17(Suppl 1):S139–S144.

Duncan C, Jones K, Moon G. Smoking and deprivation: 
are there neighbourhood effects? Social Science & 
Medicine 1999;48(4):497–505.

Duncan SC, Duncan TE, Biglan A, Ary D. Contribu-
tions of the social context to the development of ado-
lescent substance use: a multivariate latent growth 
modeling approach. Drug and Alcohol Dependence 
1998;50(1):57–71.

Dye JL, Johnson TD. A Child’s Day: 2003 (Selected Indica-
tors of Child Well-Being). Current Population Reports, 
P70–109. Washington: U.S. Census Bureau, 2006. 

Eaton DK, Kann L, Kinchen S, Shanklin S, Ross J, Hawkins 
J, Harris WA, Lowry R, McManus T, Chyen D, et al. 
Youth risk behavior surveillance—United States, 2009. 
Morbidity and Mortality Weekly Report 2010;59(SS-
5):1–142.

Eiser JR, Morgan M, Gammage P, Brooks N, Kirby R. 
Adolescent health behaviour and similarity-attrac-
tion: friends share smoking habits (really), but much 
else besides. British Journal of Social Psychology 
1991;30(Pt 4):339–48.

Elder C, Leaver-Dunn D, Wang MQ, Nagy S, Green L. 
Organized group activity as a protective factor against 
adolescent substance use. American Journal of Health 
Behavior 2000;24(2):108–13.

Ellickson PL, Bird CE, Orlando M, Klein DJ, McCaffrey 
DF. Social context and adolescent health behavior: does 
school-level smoking prevalence affect students’ subse-
quent smoking behavior? Journal of Health and Social 
Behavior 2003;44(4):525–35.

Ellickson PL, McGuigan KA, Klein DJ. Predictors of late-
onset smoking and cessation over 10 years. Journal of 
Adolescent Health 2001;29(2):101–8.

Ellickson PL, Orlando M, Tucker JS, Klein DJ. From ado-
lescence to young adulthood: racial/ethnic dispari-
ties in smoking. American Journal of Public Health 
2004;94(2):293–9.

Emory K, Saquib N, Gilpin EA, Pierce JP. The association 
between home smoking restrictions and youth smok-
ing behaviour: a review. Tobacco Control 2010;19(6): 
495–506. 

Engels RC, Knibbe RA, de Vries H, Drop MJ, Van Breuke-
len GJ. Influences of parental and best friends’ smoking 
and drinking on adolescent use: a longitudinal study. 
Journal of Applied Social Psychology 1999;29(2): 
337–61.

Engels RC, Knibbe RA, Drop MJ, de Haan YT. Homoge-
neity of cigarette smoking within peer groups: influ-

ence or selection? Health Education & Behavior 1997; 
24(6):801–11.

Engels RC, Vitaro F, Blokland ED, de Kemp R, Scholte 
RH. Influence and selection processes in friendships 
and adolescent smoking behaviour: the role of parental 
smoking. Journal of Adolescence 2004;27(5):531–44.

Ennett ST, Bauman KE. Peer group structure and adoles-
cent cigarette smoking: a social network analysis. Jour-
nal of Health and Social Behavior 1993;34(3):226–36.

Ennett ST, Bauman KE. The contribution of influence and 
selection to adolescent peer group homogeneity: the 
case of adolescent cigarette smoking. Journal of Per-
sonality and Social Psychology 1994;67(4):653–63.

Ennett ST, Bauman KE, Foshee VA, Pemberton M, Hicks 
KA. Parent-child communication about adolescent 
tobacco and alcohol use: what do parents say and does 
it affect youth behavior? Journal of Marriage and the 
Family 2001;63(1):48–62.

Ennett ST, Bauman KE, Hussong A, Faris R, Foshee VA, 
Cai L, Du Rant RH. The peer context of adolescent sub-
stance use: findings from social network analysis. Jour-
nal of Research on Adolescence 2006;16(2):159–86.

Ennett ST, Bauman KE, Koch GG. Variability in cigarette 
smoking within and between adolescent friendship 
cliques. Addictive Behaviors 1994;19(3):295–305.

Ennett ST, Faris R, Hipp J, Foshee VA, Bauman KE, Hus-
song A, Cai L. Peer smoking, other peer attributes, and 
adolescent cigarette smoking: a social network analy-
sis. Prevention Science 2008;9(2):88–98.

Ennett ST, Flewelling RL, Lindrooth RC, Norton EC. 
School and neighborhood characteristics associated 
with school rates of alcohol, cigarette, and marijuana 
use. Journal of Health and Social Behavior 1997; 
38(1):55–71.

Ennett ST, Foshee VA, Bauman KE, Hussong A, Faris R, 
Hipp JR, Cai L. A social contextual analysis of youth 
cigarette smoking development. Nicotine & Tobacco 
Research 2010;12(9):950–62.

Epstein JA, Botvin GJ, Diaz T. Linguistic acculturation and 
gender effects on smoking among Hispanic youth. Pre-
ventive Medicine 1998;27(4):583–9.

Epstein JA, Griffin KW, Botvin GJ. A model of smoking 
among inner-city adolescents: the role of personal 
competence and perceived social benefits of smoking. 
Preventive Medicine 2000;31(2 Pt 1):107–14.

Epstein JA, Williams C, Botvin GJ, Diaz T, Ifill-Williams 
M. Psychosocial predictors of cigarette smoking among 
adolescents living in public housing developments. 
Tobacco Control 1999;8(1):45–52.

Escobedo LG, Reddy M, Giovino GA. The relationship 
between depressive symptoms and cigarette smoking 
in US adolescents. Addiction 1998;93(3):433–40.



Surgeon General’s Report

468 Chapter 4

Evans GW, Kutcher R. Loosening the link between child-
hood poverty and adolescent smoking and obesity: the 
protective effects of social capital. Psychological Sci-
ence 2010;22(1):3–7.

Evans JS. In two minds: dual-process accounts of reason-
ing. Trends in Cognitive Sciences 2003;7(10):454–9.

Evans-Whipp T, Beyers JM, Lloyd S, Lafazia AN, Toum-
bourou JW, Arthur MW, Catalano RF. A review of school 
drug policies and their impact on youth substance use. 
Health Promotion International 2004;19(2):227–34.

Fang X, Li X, Stanton B, Dong Q. Social network posi-
tions and smoking experimentation among Chinese 
adolescents. American Journal of Health Behavior 
2003;27(3):257–67.

Federal Register. U.S. Department of Health and Human 
Services, Food and Drug Administration. Regulations 
restricting the sale and distribution of cigarettes and 
smokeless tobacco to protect children and adolescents; 
final rule (21 CFR Parts 801, 803, 804, 807, 820, and 
897), 61 Fed. Reg. 44396–618 (1996).

Federal Register. U.S. Department of Health and Human 
Services, Food and Drug Administration. Regulations 
restricting the sale and distribution of cigarettes and 
smokeless tobacco to protect children and adolescents; 
final rule (21 CFR Part 1140), 75 Fed. Reg. 13225–32 
(2010).

Filice GA, Hannan PJ, Lando HA, Joseph AM. A period of 
increased susceptibility to cigarette smoking among 
high school students. Journal of School Health 2003; 
73(7):272–8.

Finkelstein DM, Kubzansky LD, Goodman E. Social sta-
tus, stress, and adolescent smoking. Journal of Adoles-
cent Health 2006;39(5):678–85.

Finn PR, Hall J. Cognitive ability and risk for alcoholism: 
short-term memory capacity and intelligence moder-
ate personality risk for alcohol problems. Journal of 
Abnormal Psychology 2004;113(4):569–81.

Fisher LA, Bauman KE. Influence and selection in friend-
adolescent relationships: findings from studies of 
adolescent smoking and drinking. Journal of Applied 
Psychology 1988;18(4):289–314.

Flay BR, d’Avemas JR, Best J, Kersell MW, Ryan KB. 
Cigarette smoking: why young people do it and ways 
of preventing it. In: McGrath PJ, Firestone P, editors. 
Pediatric and Adolescent Behavioral Medicine: Issues 
in Treatment. Vol. 10. New York: Springer, 1983: 
132–83.

Flay BR, Hu FB, Richardson J. Psychosocial predictors 
of different stages of cigarette smoking among high 
school students. Preventive Medicine 1998;27(5 Pt 
3):9–18.

Flay BR, Hu FB, Siddiqui O, Day LE, Hedeker D, Petraitis 
J, Richardson J, Sussman S. Differential influence of 

parental smoking and friends’ smoking on adolescent 
initiation and escalation of smoking. Journal of Health 
and Social Behavior 1994;35(3):248–65.

Flay BR, Petraitis J. The theory of triadic influence: a new 
theory of health behavior with implications for preven-
tive interventions. In: Albrecht GL, editor. Advances 
in Medical Sociology: A Reconsideration of Health 
Behavior Change Models. Vol. 4. Greenwich (CT): JAI 
Press, 1994:19–44.

Flint AJ, Novotny TE. Poverty status and cigarette smok-
ing prevalence and cessation in the United States, 
1983–1993: the independent risk of being poor. Tobacco 
Control 1997;6(1):14–18.

Flora DB, Chassin L. Changes in drug use during young 
adulthood: the effects of parent alcoholism and transi-
tion into marriage. Psychology of Addictive Behaviors 
2005;19(4):352–62.

Forrester K, Biglan A, Severson HH, Smolkowski K. Pre-
dictors of smoking onset over two years. Nicotine & 
Tobacco Research 2007;9(12):1259–67.

Forster J, Chen V, Blaine T, Perry C, Toomey T. Social 
exchange of cigarettes by youth. Tobacco Control 2003; 
12(2):148–54.

Fowler CD, Arends MA, Kenny PJ. Subtypes of nicotinic 
acetylcholine receptors in nicotine reward, depen-
dence, and withdrawal: evidence from genetically 
modified mice. Behavioural Pharmacology 2008;19(5-
6):461–84.

Fowler CD, Lu Q, Johnson PM, Marks MJ, Kenny PJ. 
Habenular α5 nicotinic receptor subunit signaling con-
trols nicotine intake. Nature 2011;471(7340):597–601.

Fried PA, Watkinson B, Gray R. Neurocognitive conse-
quences of cigarette smoking in young adults—a com-
parison with pre-drug performance. Neurotoxicology 
and Teratology 2006;28(4):517–25.

Gardiner P. The African Americanization of menthol ciga-
rette use in the United States. Nicotine & Tobacco 
Research 2004;6(Suppl 1):S55–S65.

Garfinkel L. Trends in cigarette smoking in the United 
States. Preventive Medicine 1997;26(4):447–50.

Gelernter J, Liu X, Hesselbrock V, Page GP, Goddard A, 
Zhang H. Results of a genomewide linkage scan: sup-
port for chromosomes 9 and 11 loci increasing risk for 
cigarette smoking. American Journal of Medical Genet-
ics Part B Neuropsychiatric Genetics 2004;128B(1): 
94–101.

Georgiades K, Boyle MH, Duku E, Racine Y. Tobacco use 
among immigrant and nonimmigrant adolescents: 
individual and family level influences. Journal of Ado-
lescent Health 2006;38(4):443.e1–443.e7.

Gervais A, O’Loughlin J, Meshefedjian G, Bancej C, Trem-
blay M. Milestones in the natural course of onset of 



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  469

Preventing Tobacco Use Among Youth and Young Adults

cigarette use among adolescents. Canadian Medical 
Association Journal 2006;175(3):255–61.

Giedd JN, Rapoport JL. Structural MRI of pediatric brain 
development: what have we learned and where are we 
going? Neuron 2010;67(5):728–34.

Gilman SE, Rende R, Boergers J, Abrams DB, Buka SL, 
Clark MA, Colby SM, Hitsman B, Kazura AN, Lipsitt LP, 
et al. Parental smoking and adolescent smoking initia-
tion: an intergenerational perspective on tobacco con-
trol. Pediatrics 2009;123(2):e274–e281.

Gilpin EA, Emery SL, Farkas AJ, Distefan JM, White MM, 
Pierce JP. The California Tobacco Control Program: 
A Decade of Progress, Results from the California 
Tobacco Surveys, 1990–1998. La Jolla (CA): University 
of California, San Diego, 2001.

Gilpin EA, Lee L, Pierce JP. Changes in population atti-
tudes about where smoking should not be allowed: 
California versus the rest of the USA. Tobacco Control 
2004;13(1):38–44.

Gilpin EA, Pierce JP. Concurrent use of tobacco prod-
ucts by California adolescents. Preventive Medicine 
2003;36(5):575–84.

Go M-H, Green HD Jr, Kennedy DP, Pollard M, Tucker 
JS. Peer influence and selection effects on adolescent 
smoking. Drug and Alcohol Dependence 2010;109(1–
3):239–42.

Goldman MS, Del Boca FK, Darkes J. Alcohol expectancy 
theory: the application of cognitive neuroscience. In: 
Leonard KE, Blane HT, editors. Psychological Theories 
of Drinking and Alcoholism. 2nd ed. New York: Guil-
ford Press, 1999:203–46. 

Goodman E, Huang B. Socioeconomic status, depressive 
symptoms, and adolescent substance use. Archives of 
Pediatrics & Adolescent Medicine 2002;156(5):448–53.

Gordon NP. Never smokers, triers and current smok-
ers: three distinct target groups for school-based 
antismoking programs. Health Education Quarterly 
1986;13(2):163–80.

Green MP, McCausland KL, Xiao H, Duke JC, Vallone 
DM, Healton CG. A closer look at smoking among 
young adults: where tobacco control should focus its 
attention. American Journal of Public Health 2007; 
97(8):1427–33.

Greenwald AG, McGhee DE, Schwartz JL. Measuring indi-
vidual differences in implicit cognition: the implicit 
association test. Journal of Personality and Social Psy-
chology 1998;74(6):1464–80.

Grenard JL, Ames SL, Wiers RW, Thush C, Sussman S, 
Stacy AW. Working memory capacity moderates the 
predictive effects of drug-related associations on sub-
stance use. Psychology of Addictive Behaviors 2008; 
22(3):426–32.

Grenard JL, Guo Q, Jasuja GK, Unger JB, Chou CP, Gal-
laher PE, Sun P, Palmer P, Anderson Johnson C. Influ-
ences affecting adolescent smoking behavior in China. 
Nicotine & Tobacco Research 2006;8(2):245–55.

Griesbach D, Inchley J, Currie C. More than words: the sta-
tus and impact of smoking policies in Scottish schools. 
Health Promotion International 2002;17(1):31–41.

Griesler PC, Kandel DB. Ethnic differences in correlates 
of adolescent cigarette smoking. Journal of Adolescent 
Health 1998;23(3):167–80. 

Griesler PC, Kandel DB, Davies M. Maternal smoking in 
pregnancy, child behavior problems, and adolescent 
smoking. Journal of Research on Adolescence 1998; 
8(2):159–85.

Gritz ER, Prokhorov AV, Hudmon KS, Mullin Jones M, 
Rosenblum C, Chang CC, Chamberlain RM, Taylor WC, 
Johnston D, de Moor C. Predictors of susceptibility to 
smoking and ever smoking: a longitudinal study in a 
triethnic sample of adolescents. Nicotine & Tobacco 
Research 2003;5(4):493–506.

Haberstick BC, Timberlake D, Ehringer MA, Lessem JM, 
Hopfer CJ, Smolen A, Hewitt JK. Genes, time to first cig-
arette and nicotine dependence in a general population 
sample of young adults. Addiction 2007;102(4):655–65.

Hall JA, Valente TW. Adolescent smoking networks: the 
effects of influence and selection on future smoking. 
Addictive Behaviors 2007;32(12):3054–9.

Hampson SE, Andrews JA, Barckley M. Predictors of the 
development of elementary-school children’s inten-
tions to smoke cigarettes: hostility, prototypes, and 
subjective norms. Nicotine & Tobacco Research 2007; 
9(7):751–60.

Han C, McGue MK, Iacono WG. Lifetime tobacco, alco-
hol and other substance use in adolescent Minnesota 
twins: univariate and multivariate behavioral genetic 
analyses. Addiction 1999;94(7):981–93.

Harden KP, Hill JE, Turkheimer E, Emery RE. Gene-envi-
ronment correlation and interaction in peer effects on 
adolescent alcohol and tobacco use. Behavior Genetics 
2008;38(4):339–47.

Harris R, Tobias M, Jeffreys M, Waldegrave K, Karlsen S, 
Nazroo J. Racism and health: the relationship between 
experience of racial discrimination and health in 
New Zealand. Social Science & Medicine 2006;63(6): 
1428–41.

Harrison PA, Fulkerson JA, Park E. The relative impor-
tance of social versus commercial sources in youth 
access to tobacco, alcohol, and other drugs. Preventive 
Medicine 2000;31(1):39–48.

Haustein KO. Smoking and poverty. European Jour-
nal of Cardiovascular Prevention and Rehabilitation 
2006;13(3):312–8.



Surgeon General’s Report

470 Chapter 4

Headen SW, Bauman KE, Deane GD, Koch GG. Are the 
correlates of cigarette smoking initiation different for 
black and white adolescents? American Journal of Pub-
lic Health 1991;81(7):854–8.

Heath AC, Kirk KM, Meyer JM, Martin NG. Genetic and 
social determinants of initiation and age at onset of 
smoking in Australian twins. Behavior Genetics 1999; 
29(6):395–407.

Hedeker D, Mermelstein RJ, Berbaum ML, Campbell RT. 
Modeling mood variation associated with smoking: an 
application of a heterogeneous mixed-effects model for 
analysis of ecological momentary assessment (EMA) 
data. Addiction 2009;104(2):297–307.

Hedeker D, Mermelstein RJ, Demirtas H. An application of 
a mixed-effects location scale model for analysis of eco-
logical momentary assessment (EMA) data. Biometrics 
2008;64(2):627–34.

Heinz AJ, Kassel JD, Berbaum M, Mermelstein R. Ado-
lescents’ expectancies for smoking to regulate affect 
predict smoking behavior and nicotine dependence 
over time. Drug and Alcohol Dependence 2010;111(1-
2):128–35. 

Hellström-Lindahl E, Gorbounova O, Seiger A, Mousavi M, 
Nordberg A. Regional distribution of nicotinic recep-
tors during prenatal development of human brain and 
spinal cord. Brain Research 1998;108(1–2):147–60.

Henriksen L, Feighery EC, Schleicher NC, Cowling DW, 
Kline RS, Fortmann SP. Is adolescent smoking related 
to the density and proximity of tobacco outlets and 
retail cigarette advertising near schools? Preventive 
Medicine 2008;47(2):210–4.

Henry DB, Kobus K. Early adolescent social networks 
and substance use. Journal of Early Adolescence 2007; 
27(3):346–62.

Hill KG, Hawkins JD, Catalano RF, Abbott RD, Guo J. Fam-
ily influences on the risk of daily smoking initiation. 
Journal of Adolescent Health 2005;37(3):202–10.

Hodge FS. American Indian and Alaska Native teen cig-
arette smoking: a review. In: Changing Adolescent 
Smoking Prevalence. Smoking and Tobacco Control 
Monograph No. 14. Bethesda (MD): U. S. Department 
of Health and Human Services, Public Health Service, 
National Institutes of Health, National Cancer Insti-
tute, 2001. NIH Publication No. 02-5086.

Hodge F, Nandy K. Factors associated with American 
Indian cigarette smoking in rural settings. Interna-
tional Journal of Environmental Research and Public 
Health 2011;8(4):944–54.

Hofferth SL, Sandberg JF. How American children 
spend their time. Journal of Marriage and Family 
2001;63(2):295–308.

Hoffman BR, Monge PR, Chou CP, Valente TW. Perceived 
peer influence and peer selection on adolescent smok-
ing. Addictive Behaviors 2007;32(8):1546–54.

Hong LE, Hodgkinson CA, Yang Y, Sampath H, Ross TJ, 
Buchholz B, Salmeron BJ, Srivastatava V, Thaker GK, 
Goldman D, et al. A genetically modulated, intrinsic 
cingulate circuit supports human nicotine addiction. 
Proceedings of the National Academy of Sciences 
2010;107(30):13509–14.

Horton K, Loukas A. Discrimination, religious coping, 
and tobacco use among white, African American, and 
Mexican American vocational school students. Journal 
of Religion and Health. In press.

Hoving C, Reubsaet A, de Vries H. Predictors of smoking 
stage transitions for adolescent boys and girls. Preven-
tive Medicine 2007;44(6):485–9.

Hu FB, Flay BR, Hedeker D, Siddiqui O, Day LE. The 
influences of friends’ and parental smoking on ado-
lescent smoking behavior: the effects of time and 
prior smoking. Journal of Applied Social Psychology 
1995;25(22):2018–47.

Hu MC, Davies M, Kandel DB. Epidemiology and corre-
lates of daily smoking and nicotine dependence among 
young adults in the United States. American Journal of 
Public Health 2006;96(2):299–308.

Huijding J, de Jong PJ. Automatic associations with the 
sensory aspects of smoking: positive in habitual smok-
ers but negative in non-smokers. Addictive Behaviors 
2006;31(1):182–6.

Huijding J, de Jong PJ, Wiers RW, Verkooijen K. Implicit 
and explicit attitudes toward smoking in a smoking 
and a nonsmoking setting. Addictive Behaviors 2005; 
30(5):949–61.

Hunt K, Hannah MK, West P. Contextualizing smok-
ing: masculinity, femininity and class differences in 
smoking in men and women from three generations 
in the west of Scotland. Health Education Research 
2004;19(3):239–49.

Huver RM, Engels RC, de Vries H. Are anti-smoking par-
enting practices related to adolescent smoking cog-
nitions and behavior? Health Education Research 
2006;21(1):66–77.

Jackson C. Initial and experimental stages of tobacco and 
alcohol use during late childhood: relation to peer, 
parent, and personal risk factors. Addictive Behaviors 
1997;22(5):685–98.

Jackson C, Bee-Gates DJ, Henriksen L. Authoritative par-
enting, child competencies, and initiation of cigarette 
smoking. Health Education Quarterly 1994;21(1): 
103–16.

Jackson C, Henriksen L, Dickinson D, Messer L, Robert-
son SB. A longitudinal study predicting patterns of 



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  471

Preventing Tobacco Use Among Youth and Young Adults

cigarette smoking in late childhood. Health Education 
& Behavior 1998;25(4):436–47.

Jamal M, Does AJ, Penninx BW, Cuijpers P. Age at smok-
ing onset and the onset of depression and anxiety disor-
ders. Nicotine & Tobacco Research 2011;13(9):809–19.

Jason L, Billows W, Schnopp-Wyatt D, King C. Reduc-
ing the illegal sales of cigarettes to minors: analysis of 
alternative enforcement schedules. Journal of Applied 
Behavior Analysis 1996;29(3):333–44.

Jason LA, Pokorny SB, Adams M. A randomized trial eval-
uating tobacco possession-use-purchase laws in the 
USA. Social Science & Medicine 2008;67(11):1700–7.

Johnston LD, O’Malley PM, Bachman JG, Schulenberg 
JE. Monitoring the Future National Survey Results 
on Drug Use, 1975–2010: Volume I, Secondary School 
Students. Bethesda (MD): U.S. Department of Health 
and Human Services, National Institutes of Health, 
National Institute on Drug Abuse, 2011a. NIH Publica-
tion No. 07-6205.

Johnston LD, O’Malley PM, Bachman JG, Schulenberg 
JE. Monitoring the Future National Survey Results 
on Drug Use, 1975–2010: Volume II, College Students 
and Adults Ages 19–50. Ann Arbor: Institute for Social 
Research, The University of Michigan, 2011b.

Jones SE, Alexrad R, Wattigney WA. Healthy and safe 
school environment, part II, physical school envi-
ronment: results from the School Health Policies 
and Programs Study 2006. Journal of School Health 
2007;77(8)544–56.

Kahneman D. A perspective on judgment and choice: 
mapping bounded rationality. American Psychologist 
2003;58(9):697–720.

Kalivas PW, Churchill L, Klitenick MA. GABA and enkeph-
alin projection from the nucleus accumbens and 
ventral pallidum to the ventral tegmental area. Neuro-
science1993;57(4):1047–60.

Kalivas PW, Volkow ND. The neural basis of addiction: a 
pathology of motivation and choice. American Journal 
of Psychiatry 2005;162(8):1403–13.

Kandel DB. Similarity in real-life adolescent friendship 
pairs. Journal of Personality and Social Psychology 
1978;36(3):306–12.

Kandel DB, Kiros GE, Schaffran C, Hu MC. Racial/ethnic 
differences in cigarette smoking initiation and progres-
sion to daily smoking: a multilevel analysis. American 
Journal of Public Health 2004;94(1):128–35.

Kandel DB, Udry JR. Prenatal effects of maternal smok-
ing on daughters’ smoking: nicotine or testosterone 
exposure? American Journal of Public Health 1999; 
89(9):1377–83.

Kandel DB, Wu P, Davies M. Maternal smoking dur-
ing pregnancy and smoking by adolescent daugh-
ters. American Journal of Public Health 1994;84(9): 
1407–13.

Kaplan CP, Nápoles-Springer A, Stewart SL, Pérez-Stable 
EJ. Smoking acquisition among adolescents and young 
Latinas: the role of socioenvironmental and personal 
factors. Addictive Behaviors 2001;26(4):531–50.

Karp I, O’Loughlin J, Paradis G, Hanley J, DiFranza J. 
Smoking trajectories of adolescent novice smokers in a 
longitudinal study of tobacco use. Annals of Epidemiol-
ogy 2005;15(6):445–52.

Kassel JD, Evatt DP, Greenstein JE, Wardle MC, Yates MC, 
Veilleux JC. The acute effects of nicotine on positive 
and negative affect in adolescent smokers. Journal of 
Abnormal Psychology 2007;116(3):543–53.

Kassel JD, Stroud LR, Paronis CA. Smoking, stress, and 
negative affect: correlation, causation, and context 
across stages of smoking. Psychological Bulletin 
2003;129(2):270–304.

Kelly AB, Haynes MA, Marlatt GA. The impact of adoles-
cent tobacco-related associative memory on smoking 
trajectory: an application of negative binomial regres-
sion to highly skewed longitudinal data. Addictive 
Behaviors 2008;33(5):640–50.

Kelly AB, Masterman PW, Marlatt GA. Alcohol-related 
associative strength and drinking behaviours: concur-
rent and prospective relationships. Drug and Alcohol 
Review 2005;24(6):489–98.

Kelly AB, O’Flaherty M, Connor JP, Homel R, Toumbourou 
JW, Patton GC, Williams J. The influence of parents, 
siblings and peers on pre- and early-teen smoking: a 
multilevel model. Drug and Alcohol Review 2010; 
30(4):381–7. 

Kendler KS, Schmitt E, Aggen SH, Prescott CA. Genetic 
and environmental influences on alcohol, caffeine, 
cannabis, and nicotine use from early adolescence to 
middle adulthood. Archives of General Psychiatry 
2008;65(6):674–82.

Killen JD, Robinson TN, Haydel KF, Hayward C, Wilson 
DM, Hammer LD, Litt IF, Taylor CB. Prospective study 
of risk factors for the initiation of cigarette smok-
ing. Journal of Consulting and Clinical Psychology 
1997;65(6):1011–6.

Kim SS, Son H, Nam KA. The sociocultural context of 
Korean American men’s smoking behavior. Western 
Journal of Nursing Research 2005;27(5):604–23.

Kim SY, England L, Dietz PM, Morrow B, Perham-Hes-
ter KA. Patterns of cigarette and smokeless tobacco 
use before, during, and after pregnancy among Alaska 
native and white women in Alaska, 2000–2003. Mater-
nal and Child Health Journal 2010;14(3):365–72.



Surgeon General’s Report

472 Chapter 4

Kleinschmidt I, Hills M, Elliott P. Smoking behaviour can 
be predicted by neighbourhood deprivation measures. 
Journal of Epidemiology and Community Health 
1995;49(Suppl 2):S72–S77.

Knopik VS, Sparrow EP, Madden PA, Bucholz KK, Hudziak 
JJ, Reich W, Slutske WS, Grant JD, McLaughlin TL, 
Todorov A, et al. Contributions of parental alcoholism, 
prenatal substance exposure, and genetic transmission 
to child ADHD risk: a female twin study. Psychological 
Medicine 2005;35(5):625–35.

Kobus K. Peers and adolescent smoking. Addiction 2003; 
98(Suppl 1):S37–S55.

Koopmans JR, Slutske WS, Heath AC, Neale MC, Boomsma 
DI. The genetics of smoking initiation and quantity 
smoked in Dutch adolescent and young adult twins. 
Behavior Genetics 1999;29(6):383–93.

Kremers SPJ, Mudde AN, de Vries H. “Kicking the ini-
tiation”: do adolescent ex-smokers differ from other 
groups within the initiation continuum? Preventive 
Medicine 2001;33(5):392–401.

Landrine H, Klonoff EA. Racial discrimination and ciga-
rette smoking among blacks: findings from two stud-
ies. Ethnicity & Disease 2000;10(2):195–202.

Landrine H, Richardson JL, Klonoff EA, Flay B. Cultural 
diversity in the predictors of adolescent cigarette smok-
ing: the relative influence of peers. Journal of Behav-
ioral Medicine 1994;17(3):331–46.

Lara M, Gamboa C, Kahramanian MI, Morales LS, Hayes 
Bautista DE. Acculturation and Latino health in the 
United States: a review of the literature and its socio-
political context. Annual Review of Public Health 
2005;26:367–97.

Lawlor DA, O’Callaghan MJ, Mamun AA, Williams GM, 
Bor W, Najman JM. Early life predictors of adolescent 
smoking: findings from the Mater-University study of 
pregnancy and its outcomes. Paediatric and Perinatal 
Epidemiology 2005;19(5):377–87.

Lawrence D, Fagan P, Backinger CL, Gibson JT, Hartman 
A. Cigarette smoking patterns among young adults 
aged 18–24 years in the United States. Nicotine & 
Tobacco Research 2007;9(6):687–97.

Leatherdale ST, Manske S. The relationship between stu-
dent smoking in the school environment and smoking 
onset in elementary school students. Cancer Epidemi-
ology, Biomarkers & Prevention 2005;14(7):1762–5.

Leatherdale ST, McDonald PW, Cameron R, Brown KS. A 
multilevel analysis examining the relationship between 
social influences for smoking and smoking onset. 
American Journal of Health Behavior 2005;29(6): 
520–30.

Leatherdale ST, McDonald PW, Cameron R, Jolin MA, 
Brown KS. A multi-level analysis examining how smok-
ing friends, parents, and older students in the school 

environment are risk factors for susceptibility to smok-
ing among non-smoking elementary school youth. 
Prevention Science 2006;7(4):397–402.

Leatherdale ST, Strath JM. Tobacco retailer density sur-
rounding schools and cigarette access behaviors 
among underage smoking students. Annals of Behav-
ioral Medicine 2007;33(1):105–11.

Lebel C, Beaulieu C. Longitudinal development of human 
brain wiring continues from childhood into adulthood. 
Journal of Neuroscience 2011;31(30):10937–47.

Lee RE, Cubbin C. Neighborhood context and youth car-
diovascular health behaviors. American Journal of 
Public Health 2002;92(3):428–36.

LeMaster PL, Connell CM, Mitchell CM, Manson SM. 
Tobacco use among American Indian adolescents: pro-
tective and risk factors. Journal of Adolescent Health 
2002;30(6):426–32.

Leonardi-Bee J, Jere ML, Britton J. Exposure to parental 
and sibling smoking and the risk of smoking uptake 
in childhood and adolescence: a systematic review and 
meta-analysis. Thorax 2011;66(10):847–55.

Leslie FM, Loughlin SE, Wang R, Perez L, Lotfipour S, 
Belluzzi JD. Adolescent development of forebrain 
stimulant responsiveness: insights from animal stud-
ies. Annals of the New York Academy of Sciences 2004; 
1021:148–59.

Lessov-Schlaggar CN, Hops H, Brigham J, Hudmon KS, 
Andrews JA, Tildesley E, McBride D, Jack LM, Javitz 
HS, Swan GE. Adolescent smoking trajectories and 
nicotine dependence. Nicotine & Tobacco Research 
2008;10(2):341–51.

Leventhal H, Cleary PD. The smoking problem: a review 
of the research and theory in behavioral risk modifica-
tion. Psychological Bulletin 1980;88(2):370–405.

Levy DT, Friend K. A framework for evaluating and improv-
ing clean indoor air laws. Journal of Public Health 
Management and Practice 2001;7(5):87–96.

Lewis-Esquerre JM, Rodrigue JR, Kahler CW. Develop-
ment and validation of an adolescent smoking conse-
quences questionnaire. Nicotine & Tobacco Research 
2005;7(1):81–90.

Li MD, Ma JZ, Cheng R, Dupont RT, Williams NJ, Crews 
KM, Payne TJ, Elston RC, Framingham Heart Study. A 
genome-wide scan to identify loci for smoking rate in 
the Framingham Heart Study population. BMC Genet-
ics 2003;4(Suppl 1):S103.

Libbey HP. Measuring student relationships to school: 
attachment, bonding, connectedness, and engagement. 
Journal of School Health 2004;74(7):274–83.

Lipperman-Kreda S, Paschall MJ, Grube JW. Perceived 
enforcement of school tobacco policy and adoles-
cents’ cigarette smoking. Preventive Medicine 2009; 
48(6):562–6.



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  473

Preventing Tobacco Use Among Youth and Young Adults

Liu JZ, Tozzi F, Waterworth DM, Pillai SG, Muglia P, Mid-
dleton L, Berrettini W, Knouff CW, Yuan X, Waeber G, 
et al. Meta-analysis and imputation refines the associa-
tion of 15q25 with smoking quantity. Nature Genetics 
2010;42(5):436–40.

Lovato CY, Hsu HCH, Sabiston CM, Hadd V, Nykiforuk 
CIJ. Tobacco point-of-purchase marketing in school 
neighbourhoods and school smoking prevalence: a 
descriptive study. Canadian Journal of Public Health 
2007;98(4):265–70.

Lovato CY, Zeisser C, Campbell HS, Watts AW, Halpin 
P, Thompson M, Eyles J, Adlaf E, Brown KS. Adoles-
cent smoking: effect of school and community char-
acteristics. American Journal of Preventive Medicine 
2010;39(6):507–14.

Lynskey MT, Agrawal A, Heath AC. Genetically informative 
research on adolescent substance use: methods, find-
ings, and challenges. Journal of the American Academy 
of Child & Adolescent Psychiatry 2010;49(12):1202–14.

Maes HH, Woodard CE, Murrelle L, Meyer JM, Silberg JL, 
Hewitt JK, Rutter M, Simonoff E, Pickles A, Carbon-
neau R, et al. Tobacco, alcohol and drug use in eight- to 
sixteen-year-old twins: the Virginia Twin Study of Ado-
lescent Behavioral Development. Journal of Studies on 
Alcohol 1999;60(3):293–305.

Mahabee-Gittens EM, Khoury JC, Huang B, Dorn LD, 
Ammerman RT, Gordon JS. The protective influence of 
family bonding on smoking initiation by racial/ethnic 
and age subgroups. Journal of Child & Adolescent Sub-
stance Abuse 2011;20(3):270–87.

Mahoney JL, Harris AL, Eccles JS. Organized activity 
participation, positive youth development, and the 
over-scheduling hypothesis. Social Policy Report 
2006;20(4):3–15.

Malaiyandi V, Goodz SD, Sellers EM, Tyndale RF. CYP2A6 
genotype, phenotype, and the use of nicotine metab-
olites as biomarkers during ad libitum smoking. 
Cancer Epidemiology, Biomarkers & Prevention 
2006;15(10):1812–9.

Mann JR, McKeown RE, Bacon J, Vesselinov R, Bush F. 
Religiosity, spirituality, and depressive symptoms in 
pregnant women. International Journal of Psychiatry 
in Medicine 2007;37(3):301–13.

Mansvelder HD, De Rover M, McGehee DS, Brussaard AB. 
Cholinergic modulation of dopaminergic reward areas: 
upstream and downstream targets of nicotine addic-
tion. European Journal of Pharmacology 2003;480(1–
3):117–23.

Mansvelder HD, McGehee DS. Long-term potentiation 
of excitatory inputs to brain reward areas by nicotine. 
Neuron 2000;27(2):349–57.

Martin-Sölch C, Magyar S, Künig G, Missimer J, Schultz 
W, Leenders KL. Changes in brain activation associated 

with reward processing in smokers and nonsmokers: 
a positron emission tomography study. Experimental 
Brain Research 2001;139(3):278–86.

Matheson FI, LaFreniere MC, White HL, Moineddin R, 
Dunn JR, Glazier RH. Influence of neighborhood 
deprivation, gender and ethno-racial origin on smok-
ing behavior of Canadian youth. Preventive Medicine 
2011;52(5):376–80.

Mathur C, Stigler MH, Perry CL, Arora M, Reddy KS. Dif-
ferences in prevalence of tobacco use among Indian 
urban youth: the role of socioeconomic status. Nico-
tine & Tobacco Research 2008;10(1):109–16. 

Mayhew KP, Flay BR, Mott JA. Stages in the development 
of adolescent smoking. Drug and Alcohol Dependence 
2000;59(Suppl 1):S61–S81.

Mayberry ML, Espelage DL, Koenig B. Multilevel model-
ing of direct effects and interactions of peers, parents, 
school, and community influences on adolescent sub-
stance use. Journal of Youth and Adolescence 2009; 
38(8):1038–49.

McCabe SE, Schulenberg JE, Johnston LD, O’Malley PM, 
Bachman JG, Kloska DD. Selection and socialization 
effects of fraternities and sororities on US college stu-
dent substance use: a multi-cohort national longitudi-
nal study. Addiction 2005;100(4):512–24.

McCarthy DM, Thompsen DM. Implicit and explicit mea-
sures of alcohol and smoking cognitions. Psychology of 
Addictive Behaviors 2006;20(4):436–44.

McGue M, Elkins I, Iacono WG. Genetic and environmen-
tal influences on adolescent substance use and abuse. 
American Journal of Medical Genetics 2000;96(5): 
671–7.

McKenzie M, Olsson CA, Jorm AF, Romaniuk H, Patton 
GC. Association of adolescent symptoms of depression 
and anxiety with daily smoking and nicotine depen-
dence in young adulthood: findings from a 10-year lon-
gitudinal study. Addiction 2010;105(9):1652–9. 

McNamee RL, Dunfee KL, Luna B, Clark DB, Eddy WF, 
Tarter RE. Brain activation, response inhibition, and 
increased risk for substance use disorder. Alcohol-
ism, Clinical and Experimental Research 2008;32(3): 
405–13.

McPherson M, Smith-Lovin L, Cook JM. Birds of a feather: 
homophily in social networks. Annual Review of Soci-
ology 2001;27(1):415–44.

McVicar D. Estimates of peer effects in adolescent smok-
ing across twenty six European countries. Social Sci-
ence & Medicine 2011;73(8):1186–93.

Melnick MJ, Miller KE, Sabo DF, Farrell MP, Barnes GM. 
Tobacco use among high school athletes and non ath-
letes: results of the 1997 Youth Risk Behavior Survey. 
Adolescence 2001;36(144):727–47.



Surgeon General’s Report

474 Chapter 4

Mercken L, Candel M, Willems P, de Vries H. Disentan-
gling social selection and social influence effects on 
adolescent smoking: the importance of reciprocity in 
friendships. Addiction 2007;102(9):1483–92.

Mercken L, Snijders TAB, Steglich C, de Vries H. Dynamics 
of adolescent friendship networks and smoking behav-
ior: social network analyses in six European countries. 
Social Science & Medicine 2009;69(10):1506–14.

Mercken L, Snijders TAB, Steglich C, Vartiainen E, deVr-
ies H. Dynamics of adolescent friendship networks and 
smoking behavior. Social Networks 2010; 32(1):72–81. 

Merline AC, O’Malley PM, Schulenberg JE, Bachman JG, 
Johnston LD. Substance use among adults 35 years of 
age: prevalence, adulthood predictors, and impact of 
adolescent substance use. American Journal of Public 
Health 2004;94(1):96–102.

Mermelstein R. Explanations of ethnic and gender differ-
ences in youth smoking: A multi-site, qualitative inves-
tigation. Nicotine & Tobacco Research 1999;1(Suppl 
1):S91–S98.

Mermelstein R, Hedeker D, Flay B, Shiffman S. Real-time 
data capture and adolescent cigarette smoking: moods 
and smoking. In: Stone A, Shiffman S, Atienza A, Nebel-
ing L, editors. The Science of Real-Time Data Capture: 
Self-report in Health Research. New York: Oxford Uni-
versity Press, 2007:117–35.

Metzger A, Dawes N, Mermelstein R, Wakschlag L. Longi-
tudinal modeling of adolescents’ activity involvement, 
problem peer associations, and youth smoking. Journal 
of Applied Developmental Psychology 2011;32(1):1–9.

Miller TQ, Volk RJ. Family relationships and adolescent 
cigarette smoking: results from a national longitudinal 
survey. Journal of Drug Issues 2002;32(3):945–72.

Mitic WR, McGuire DP, Neumann B. Perceived stress 
and adolescents’ cigarette use. Psychological Reports 
1985;57(3 Pt 2):1043–8.

Miyata H, Yanagita T. Neurobiological mechanisms of nic-
otine craving. Alcohol 2001;24(2):87–93.

Morgan GD, Backinger CL, Leischow SJ. The future of 
tobacco-control research. Cancer Epidemiology, Bio-
markers & Prevention 2007;16(6):1077–80.

Morrow M, Ngoc DH, Hoang TT, Trinh TH. Smok-
ing and young women in Vietnam: the influence of 
normative gender roles. Social Science & Medicine 
2002;55(4):681–90.

Mosbach P, Leventhal H. Peer group identification and 
smoking: implications for intervention. Journal of 
Abnormal Psychology 1988;97(2):238–45.

Munafò MR, Clark TG, Johnstone EC, Murphy MFG, Wal-
ton RT. The genetic basis for smoking behavior: a sys-
tematic review and meta-analysis. Nicotine & Tobacco 
Research 2004;6(4):583–97.

Munafò MR, Johnstone ED. Genes and cigarette smoking. 
Addiction 2008;103(6):893–904.

Musso F, Bettermann F, Vucurevic G, Stoeter P, Konrad A, 
Winterer G. Smoking impacts on prefrontal attentional 
network function in young adult brains. Psychophar-
macology 2007;191(1):159–69.

Myers MG, McCarthy DM, MacPherson L, Brown SA. Con-
structing a short form of the Smoking Consequences 
Questionnaire with adolescents and young adults. Psy-
chological Assessment 2003;15(2):163–72.

Nasim A, Utsey SO, Corona R, Belgrave FZ. Religiosity, 
refusal efficacy, and substance use among African-
American adolescents and young adults. Journal of 
Ethnicity in Substance Abuse 2006;5(3):29–49.

National Cancer Institute. The Role of the Media in Pro-
moting and Reducing Tobacco Use. Tobacco Control 
Monograph No. 19. Bethesda (MD): U.S. Department 
of Health and Human Services, National Institutes of 
Health, National Cancer Institute, 2008. NIH Publica-
tion No. 07-6242.

Neufeld KJ, Peters DH, Rani M, Bonu S, Brooner RK. Reg-
ular use of alcohol and tobacco in India and its associa-
tion with age, gender, and poverty. Drug and Alcohol 
Dependence 2005;77(3):283–91.

Neuhaus A, Bajbouj M, Kienast T, Kalus P, von Haebler D, 
Winterer G, Galliant J. Persistent dysfunctional frontal 
lobe activation in former smokers. Psychopharmacol-
ogy 2006;186(2):191–200.

Ng N, Weinehall L, Ohman A. ‘If I don’t smoke, I’m not 
a real man’—Indonesian teenage boys’ views about 
smoking. Health Education Research 2007;22(6): 
794–804.

Nonnemaker JM, McNeely CA, Blum RW. Public and pri-
vate domains of religiosity and adolescent health risk 
behaviors: evidence from the National Longitudinal 
Study of Adolescent Health. Social Science & Medicine 
2003;57(11):2049–54.

Nonnemaker J, McNeely CA, Blum RW. Public and private 
domains of religiosity and adolescent smoking transi-
tions. Social Science & Medicine 2006;62(12):3084–95.

Nosek BA, Banaji MR. The go/no-go association task. 
Social Cognition 2001;19(6):625–66.

Novak M, Ahlgren C, Hammarstrom A. Inequalities in 
smoking: influence of social chain of risks from ado-
lescence to young adulthood: a prospective population-
based cohort study. International Journal of Behavioral 
Medicine 2007;14(3):181–7.

Novo M, Hammarström A, Janlert U. Smoking habits—a 
question of trend or unemployment: a comparison of 
young men and women between boom and recession. 
Public Health 2000;114(6):460–3.



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  475

Preventing Tobacco Use Among Youth and Young Adults

Nowlin PR, Colder CR. The role of ethnicity and neigh-
borhood poverty on the relationship between parent-
ing and adolescent cigarette use. Nicotine & Tobacco 
Research 2007;9(5):545–56.

O’Callaghan FV, O’Callaghan M, Najman JM, Williams GM, 
Bor W, Alati R. Prediction of adolescent smoking from 
family and social risk factors at 5 years, and maternal 
smoking in pregnancy and at 5 and 14 years. Addiction 
2006;101(2):282–90.

Olson MA, Fazio RH. Reducing the influence of extraper-
sonal associations on the Implicit Association Test: Per-
sonalizing the IAT. Journal of Personality and Social 
Psychology 2004;86(5):653–67.

Oredein T, Foulds J. Causes of the decline in cigarette 
smoking among African American youths from the 
1970s to the 1990s. American Journal of Public Health 
2011;101(10):e4–e14.

Orlando M, Tucker JS, Ellickson PL, Klein DJ. Develop-
mental trajectories of cigarette smoking and their 
correlates from early adolescence to young adult-
hood. Journal of Consulting and Clinical Psychology 
2004;72(3):400–10.

Orlando M, Ellickson PL, Jinnett K. The temporal relation-
ship between emotional distress and cigarette smok-
ing during adolescence and young adulthood. Journal 
of Consulting and Clinical Psychology 2001;69(6): 
959–70.

Osilla KC, Lonczak HS, Mail PD, Larimer ME, Marlatt 
GA. Regular tobacco use among American Indian and 
Alaska native adolescents: an examination of protective 
mechanisms. Journal of Ethnicity in Substance Abuse 
2007;6(3-4):143–53.

Otten R, Bricker JB, Liu J, Comstock BA, Peterson AV. 
Adolescent psychological and social predictors of young 
adult smoking acquisition and cessation: A 10-year lon-
gitudinal study. Health Psychology 2011;30(2):163–70.

Oygard L, Klepp KI, Tell GS, Vellar OD. Parental and peer 
influences on smoking among young adults: ten-year 
follow-up of the Oslo youth study participants. Addic-
tion 1995;90(4):561–9.

Paavola M, Vartiainen E, Haukkala A. Smoking from ado-
lescence to adulthood: the effects of parental and own 
socioeconomic status. European Journal of Public 
Health 2004;14(4):417–21.

Page RM, Hammermeister J, Scanlan A, Gilbert L. Is 
school sports participation a protective factor against 
adolescent health risk behaviors? Journal of Health 
Education 1998;29(3):186–92.

Pallonen UE, Prochaska JO, Velicer WF, Prokhorov AV, 
Smith NF. Stages of acquisition and cessation for ado-
lescent smoking: an empirical integration. Addictive 
Behaviors 1998;23(3):303–24.

Pan Z. Socioeconomic predictors of smoking and smok-
ing frequency in urban China: evidence of smoking 
as a social function. Health Promotion International 
2004;19(3):309–15.

Patton GC, Carlin JB, Coffey C, Wolfe R, Hibbert M, Bowes 
G. Depression, anxiety, and smoking initiation: a pro-
spective study over 3 years. American Journal of Public 
Health 1998;88(10):1518–22.

Patton GC, Coffey C, Carlin JB, Sawyer SM, Wakefield M. 
Teen smokers reach their mid twenties. Journal of Ado-
lescent Health 2006;39(2):214–20.

Payne BK. Conceptualizing control in social cognition: 
how executive functioning modulates the expression 
of automatic stereotyping. Journal of Personality and 
Social Psychology 2005;89(4):488–503.

Pearson M, Michell L. Smoke rings: social network analysis 
of friendship groups, smoking and drug-taking. Drugs: 
Education, Prevention and Policy 2000;7(1):21–37.

Pearson M, Sweeting H, West P, Young R, Gordon J, Turner 
K. Adolescent substance use in different social and peer 
contexts: a social network analysis. Drugs: Education, 
Prevention and Policy 2006;13(6):519–36.

Pederson LL, Koval JJ, Chan SS, Zhang X. Variables related 
to tobacco use among young adults: are there differ-
ences between males and females? Addictive Behaviors 
2007;32(2):398–403.

Pego CM, Hill RF, Solomon GW, Chisholm RM, Ivey SE. 
Tobacco, culture, and health among American Indi-
ans: a historical review. American Indian Culture and 
Research Journal 1995;19(2):143–64.

Pergadia ML, Heath AC, Agrawal A, Bucholz KK, Martin 
NG, Madden PA. The implications of simultaneous 
smoking initiation for inferences about the genetics of 
smoking behavior from twin data. Behavior Genetics 
2006;36(4):567–76.

Perry CL. The tobacco industry and underage teen smok-
ing: tobacco industry documents from the Minnesota 
litigation. Archives of Pediatrics & Adolescent Medi-
cine 1999;153(9):935–41.

Perry CL, Murray DM, Klepp KL. Predictors of adolescent 
cigarette smoking and implications for prevention. 
Morbidity and Mortality Weekly Report 1987;36(Suppl 
4):41S–45S.

Perugini M. Predictive models of implicit and explicit 
attitudes. British Journal of Social Psychology 
2005;44(1):29–45.

Peterson AV Jr, Leroux BG, Bricker J, Kealey KA, Marek 
PM, Sarason IG, Andersen MR. Nine-year prediction 
of adolescent smoking by number of smoking parents. 
Addictive Behaviors 2006;31(5):788–801.

Petraitis J, Flay BR, Miller TQ. Reviewing theories of ado-
lescent substance use: organizing pieces in the puzzle. 
Psychological Bulletin 1995;117(1):67–86.



Surgeon General’s Report

476 Chapter 4

Pierce JP. Tobacco industry marketing, population-based 
tobacco control, and smoking behavior. American Jour-
nal of Preventive Medicine 2007;33(6 Suppl):S327–
S334.

Pierce JP, Choi WS, Gilpin EA, Farkas AJ, Merritt RK. 
Validation of susceptibility as a predictor of which ado-
lescents take up smoking in the United States. Health 
Psychology 1996;15(5):355–61.

Pierce JP, Gilpin EA, Emery SL, Farkas AJ, Zhu SH, Choi 
WS, Berry CC, Distefan JM, White MM, Sorokos S, et 
al. Tobacco Control in California: Who’s Winning the 
War? An Evaluation of the Tobacco Control Program, 
1989–1996. La Jolla (CA): University of California, San 
Diego, 1998:12–18.

Piontek D, Buehler A, Rudolph U, Metz K, Kroeger C, 
Gradl S, Floeter S, Donath C. Social contexts in adoles-
cent smoking: does school policy matter? Health Edu-
cation Research 2008;23(6):1029–38.

Pollard MS, Tucker JS, Green HD, Kennedy D, Go M-H. 
Friendship networks and trajectories of adolescent 
tobacco use. Addictive Behaviors 2010;35(7):678–85.

Poulsen LH, Osler M, Roberts C, Due P, Damsgaard MT, 
Holstein BE. Exposure to teachers smoking and adoles-
cent smoking behaviour: analysis of cross sectional data 
from Denmark. Tobacco Control 2002;11(3):246–51.

Prokhorov AV, de Moor CA, Hudmon KS, Hu S, Kelder SH, 
Gritz ER. Predicting initiation of smoking in adoles-
cents: evidence for integrating the stages of change and 
susceptibility to smoking constructs. Addictive Behav-
iors 2002;27(5):697–712.

Quentin W, Neubauer S, Leidl R, König HH. Advertising 
bans as a means of tobacco control policy: a systematic 
literature review of time-series analyses. International 
Journal of Public Health 2007;52(5):295–307.

Rajan KB, Leroux BG, Peterson AV Jr, Bricker JB, Ander-
sen MR, Kealey KA, Sarason IG. Nine-year prospective 
association between older siblings’ smoking and chil-
dren’s daily smoking. Journal of Adolescent Health 
2003;33(1):25–30.

Rasmussen M, Damsgaard MT, Holstein BE, Poulsen 
LH, Due P. School connectedness and daily smoking 
among boys and girls: the influence of parental smok-
ing norms. The European Journal of Public Health 
2005;15(6):607–12.

Reijneveld SA. The impact of individual and area charac-
teristics on urban socioeconomic differences in health 
and smoking. International Journal of Epidemiology 
1998;27(1):33–40.

Rende R, Slomkowski C, McCaffery J, Lloyd-Richardson 
EE, Niaura R. A twin-sibling study of tobacco use in ado-
lescence: etiology of individual differences and extreme 
scores. Nicotine & Tobacco Research 2005;7(3):413–9.

Renner CC, Patten CA, Day GE, Enoch CC, Schroeder 
DR, Offord KP, Hurt RD, Gasheen A, Gill L. Tobacco 
use during pregnancy among Alaska Natives in western 
Alaska. Alaska Medicine 2005;47(1):12–6.

Rhee SH, Hewitt JK, Young SE, Corley RP, Crowley TJ, 
Stallings MC. Genetic and environmental influ-
ences on substance initiation, use, and problem 
use in adolescents. Archives of General Psychiatry 
2003;60(12):1256–64.

Ribisl KM, Lee RE, Henriksen L, Haladjian HH. A content 
analysis of Web sites promoting smoking culture and 
lifestyle. Health Education & Behavior 2003;30(1): 
64–78.

Rigotti NA, DiFranza JR, Chang YC, Tisdale T, Kemp B, 
Singer DE. The effect of enforcing tobacco-sales laws 
on adolescents’ access to tobacco and smoking behav-
ior. New England Journal of Medicine 1997;337(15): 
1044–51.

Roberts KH, Munafò MR, Rodriguez D, Drury M, Mur-
phy MF, Neale RE, Nettle D. Longitudinal analysis of 
the effect of prenatal nicotine exposure on subsequent 
smoking behavior of offspring. Nicotine & Tobacco 
Research 2005;7(5):801–8.

Robinson LA, Dalton WT 3rd, Nicholson LM. Changes in 
adolescents’ sources of cigarettes. Journal of Adoles-
cent Health 2006a;39(6):861–7.

Robinson LA, Murray DM, Alfano CM, Zbikowski SM, Blit-
stein JL, Klesges RC. Ethnic differences in predictors of 
adolescent smoking onset and escalation: a longitudi-
nal study from 7th to 12th grade. Nicotine & Tobacco 
Research 2006b;8(2):297–307.

Rodriguez D, McGovern JA. Team sport participation and 
smoking: analysis with general growth mixture mod-
eling. Journal of Pediatric Psychology 2004;29(4): 
299–308.

Rodriguez D, Romer D, Audrain-McGovern J. Beliefs about 
the risks of smoking mediate the relationship between 
exposure to smoking and smoking. Psychosomatic 
Medicine 2007;69(1):106–13.

Rose JE, Behm FM, Westman EC, Mathew RJ, London 
ED, Hawk TC, Turkington TG, Coleman RE. PET stud-
ies of the influences of nicotine on neural systems in 
cigarette smokers. American Journal of Psychiatry 
2003;160(2):323–33.

Rostosky SS, Danner F, Riggle ED. Is religiosity a protec-
tive factor against substance use in young adulthood: 
only if you’re straight! Journal of Adolescent Health 
2007;40(5):440–7.

Rubia K, Halari R, Smith AB, Mohammed M, Scott S, 
Giampietro V, Taylor E, Brammer EJ. Dissociated func-
tional brain abnormalities of inhibition in boys with 
pure conduct disorder and in boys with pure attention 



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  477

Preventing Tobacco Use Among Youth and Young Adults

deficit hyperactivity disorder. American Journal of Psy-
chiatry 2008;165(7):889–97.

Ruel E, Mani N, Sandoval A, Terry-McElrath Y, Slater SJ, 
Tworek C, Chaloupka FJ. After the Master Settlement 
Agreement: trends in the American tobacco retail envi-
ronment from 1999 to 2002. Health Promotion Prac-
tice 2004;5(3 Suppl):99S–110S.

Saccone NL, Culverhouse RC, Schwantes-An TH, Can-
non DS, Chen X, Cichon S, Giegling I, Han S, Han Y, 
Keskitalo-Vuokko K, et al. Multiple independent loci at 
chromosome 15q25.1 affect smoking quantity: a meta-
analysis and comparison with lung cancer and COPD. 
PLoS Genetics 2010;6(8). pii:e1001053.

Saccone NL, Wang JC, Breslau N, Johnson EO, Hatsukami 
D, Saccone SF, Grucza RA, Sun L, Duan W, Budde J, et 
al. The CHRNA5-CHRNA3-CHRNB4 nicotinic receptor 
subunit gene cluster affects risk for nicotine depen-
dence in African-American and European-Americans. 
Cancer Research 2009;69(17):6848–56.

Saccone SF, Hinrichs AL, Saccone NL, Chase GA, Konvicka 
K, Madden PA, Breslau N, Johnson EO, Hatsukami D, 
Pomerleau O, et al. Cholinergic nicotinic receptor 
genes implicated in a nicotine dependence association 
study targeting 348 candidate genes with 3713 SNPs. 
Human Molecular Genetics 2007;16(1):36–49.

Salas R, Orr-Urtreger A, Broide RS, Beaudet A, Paylor R, 
De Biasi M. The nicotinic acetylcholine receptor sub-
unit α5 mediates short-term effects of nicotine in vivo. 
Molecular Pharmacology 2003;63(5):1059–66.

Salihu HM, Wilson RE. Epidemiology of prenatal smoking 
and perinatal outcomes. Early Human Development 
2007;83(11):713–20.

Sargent JD, Beach ML, Adachi-Mejia AM, Gibson JJ, Titus-
Ernstoff LT, Carusi CP, Swain SD, Heatherton TF, Dal-
ton MA. Exposure to movie smoking: its relation to 
smoking initiation among US adolescents. Pediatrics 
2005;116(5):1183–91.

Sargent JD, Dalton M. Does parental disapproval of smok-
ing prevent adolescents from becoming established 
smokers? Pediatrics 2001;108(6):1256–62.

Sargent JD, Dalton M, Beach M, Bernhardt A, Heatherton 
T, Stevens M. Effect of cigarette promotions on smok-
ing uptake among adolescents. Preventive Medicine 
2000;30(4):320–7.

Scal P, Ireland M, Borowsky IW. Smoking among Ameri-
can adolescents: a risk and protective factor analysis. 
Journal of Community Health 2003;28(2):79–97.

Scales MB, Monahan JL, Rhodes N, Roskos-Ewoldsen D, 
Johnson-Turbes A. Adolescents’ perceptions of smok-
ing and stress reduction. Health Education & Behavior 
2009;36(4):746–58.

Scarinci IC, Robinson LA, Alfano CM, Zbikowski SM, 
Klesges RC. The relationship between socioeconomic 

status, ethnicity, and cigarette smoking in urban ado-
lescents. Preventive Medicine 2002;34(2):171–8.

Scheres A, Milham MP, Knutson B, Castellanos FX. Ventral 
striatal hyporesponsiveness during reward anticipation 
in attention-deficit/hyperactivity disorder. Biological 
Psychiatry 2007;61(5):720–4.

Schmitt JE, Prescott CA, Gardner CO, Neale MC, Kendler 
KS. The differential heritability of regular tobacco use 
based on method of administration. Twin Research and 
Human Genetics 2005;8(1):60–2.

Schweinsburg AD, Paulus MP, Barlett VC, Killeen LA, 
Caldwell LC, Pulido C, Brown SA, Tapert SF. An FMRI 
study of response inhibition in youths with a family 
history of alcoholism. Annals of the New York Academy 
of Sciences 2004;1021:391–4.

Scott LD Jr, Munson MR, McMillen JC, Ollie MT. Reli-
gious involvement and its association to risk behaviors 
among older youth in foster care. American Journal of 
Community Psychology 2006;38(3–4):223–36.

Scragg R, Laugesen M, Robinson E. Cigarette smoking, 
pocket money and socioeconomic status: results from 
a national survey of 4th form students in 2000. New 
Zealand Medical Journal 2002;115(1158):U108.

Scragg R, Wellman RJ, Laugesen M, DiFranza JR. Dimin-
ished autonomy over tobacco can appear with the first 
cigarettes. Addictive Behaviors 2008;33(5):689–98.

Shadel WG, Tharp-Taylor S, Fryer CS. Exposure to ciga-
rette advertising and adolescents’ intentions to smoke: 
the moderating role of the developing self-concept. 
Journal of Pediatric Psychology 2008;33(7):751–60.

Sherman SJ, Presson CC, Chassin L, Corty E, Olshavsky 
R. The false consensus effect in estimates of smoking 
prevalence: underlying mechanisms. Personality and 
Social Psychology Bulletin 1983;9(2):197–207.

Sherman SJ, Rose JS, Koch K, Presson CC, Chassin L. 
Implicit and explicit attitudes toward cigarette smok-
ing: the effects of context and motivation. Journal of 
Social and Clinical Psychology 2003;22(1):13–39.

Shmueli A, Tamir D. Health behavior and religiosity 
among Israeli Jews. Israel Medical Association Journal 
2007;9(10):703–7.

Shohaimi S, Luben R, Wareham N, Day N, Bingham S, 
Welch A, Oakes S, Khan KT. Residential area depriva-
tion predicts smoking habit independently of indi-
vidual educational level and occupational social class: 
a cross sectional study in the Norfolk cohort of the 
European Investigation into Cancer (EPIC-Norfolk). 
Journal of Epidemiology and Community Health 
2003;57(4):270–6.

Shrum W, Cheek NH Jr. Social structure during the school 
years: onset of the degrouping process. American Soci-
ological Review 1987;52(2):218–23.



Surgeon General’s Report

478 Chapter 4

Siahpush M, Borland R, Scollo M. Smoking and financial 
stress. Tobacco Control 2003;12(1):60–6.

Silberg JL, Parr T, Neale MC, Rutter M, Angold A, Eaves LJ. 
Maternal smoking during pregnancy and risk to boys’ 
conduct disturbance: an examination of the causal 
hypothesis. Biological Psychiatry 2003;53(2):130–5.

Simons-Morton BG. Prospective analysis of peer and par-
ent influences on smoking initiation among early ado-
lescents. Prevention Science 2002;3(4):275–83.

Simons-Morton B, Chen R, Abroms L, Haynie DL. Latent 
growth curve analyses of peer and parent influences on 
smoking progression among early adolescents. Health 
Psychology 2004;23(6):612–21.

Simons-Morton BG, Farhat T. Recent findings on peer 
group influences on adolescent smoking. Journal of 
Primary Prevention 2010;31(4):191–208.

Simons-Morton BG, Haynie DL. Psychosocial predictors 
of increased smoking stage among sixth graders. Amer-
ican Journal of Health Behavior 2003;27(6):592–602.

Simpson D. Italy: holy smoke! Pope swerves off track for 
Marlboro. Tobacco Control 2005;14(2):78.

Siqueira L, Diab M, Bodian C, Rolnitzky L. Adolescents 
becoming smokers: the roles of stress and coping meth-
ods. Journal of Adolescent Health 2000;27(6):399–408.

Skinner ML, Haggerty KP, Catalano RF. Parental and 
peer influences on teen smoking: Are white and black 
families different? Nicotine & Tobacco Research 2009; 
11(5):558–63.

Slikker W Jr, Xu ZA, Levin ED, Slotkin TA. Mode of action: 
disruption of brain cell replication, second messenger, 
and neurotransmitter systems during development 
leading to cognitive dysfunction—developmental neu-
rotoxicity of nicotine. Critical Reviews in Toxicology 
2005;35(8–9):703–11.

Slomkowski C, Rende R, Novak S, Lloyd-Richardson E, 
Niaura R. Sibling effects on smoking in adolescence: 
evidence for social influence from a genetically infor-
mative design. Addiction 2005;100(4):430–8.

Slotkin TA. Fetal nicotine or cocaine exposure: which one 
is worse? Journal of Pharmacology and Experimental 
Therapeutics 1998;285(3):931–45.

Smith RM, Alachkar H, Papp AC, Wang D, Mash DC, Wang 
J-C, Bierut LJ, Sadee W. Nicotinic α5 receptor subunit 
mRNA expression is associated with distant 5’ upstream 
polymorphisms. European Journal of Human Genetics 
2011;19(1):76–83.

Soldz S, Cui X. Pathways through adolescent smoking: a 
7-year longitudinal grouping analysis. Health Psychol-
ogy 2002;21(5):495–504.

Stacy AW. Memory association and ambiguous cues in 
models of alcohol and marijuana use. Experimental 
and Clinical Psychopharmacology 1995;3(2):183–94.

Stacy AW. Memory activation and expectancy as prospec-
tive predictors of alcohol and marijuana use. Journal of 
Abnormal Psychology 1997;106(1):61–73.

Stacy AW, Ames SL, Sussman S, Dent CW. Implicit cog-
nition in adolescent drug use. Psychology of Addictive 
Behaviors 1996;10(3):190–203.

Stacy AW, Leigh BC, Weingardt KR. Memory accessibil-
ity and association of alcohol use and its positive 
outcomes. Experimental and Clinical Psychopharma-
cology 1994;2(3):269–82.

Stanovich KE, West RF. Individual differences in reason-
ing: implications for the rationality debate? Behavioral 
and Brain Sciences 2000;23(5):645–65.

Stanton WR, Flay BR, Colder CR, Mehta P. Identifying and 
predicting adolescent smokers’ developmental trajec-
tories. Nicotine & Tobacco Research 2004;6(5):843–52.

Stead LF, Lancaster T. A systematic review of interventions 
for preventing tobacco sales to minors. Tobacco Con-
trol 2000;9(2):169–76.

Stein EA, Pankiewicz J, Harsch HH, Cho JK, Fuller SA, 
Hoffmann RG, Hawkins M, Rao SM, Bandetti PA, 
Bloom AS. Nicotine-induced limbic cortical activation 
in the human brain: a functional MRI study. American 
Journal of Psychiatry 1998;155(8):1009–15.

Steinberg L. Risk taking in adolescence: new perspectives 
from brain and behavioral science. Current Directions 
in Psychological Science 2007;16(2):55–9.

Sterzer P, Stadler C, Krebs A, Kleinschmidt A, Poustka F. 
Abnormal neural responses to emotional visual stimuli 
in adolescents with conduct disorder. Biological Psy-
chiatry 2005;57(1):7–15.

Stigler M, Dhavan P, Van Dusen D, Arora M, Reddy KS, 
Perry CL. Westernization and tobacco use among 
young people in Delhi, India. Social Science & Medi-
cine 2010;71(5):891-7. 

Stimpson JP, Ju H, Raji MA, Eschbach K. Neighborhood 
deprivation and health risk behaviors in NHANES III. 
American Journal of Health Behavior 2007;31(2): 
215–22.

Stuber J, Galea S, Link BG. Smoking and the emergence 
of a stigmatized social status. Social Science & Medi-
cine 2008;67(3):420–30.

Substance Abuse and Mental Health Services Administra-
tion. Results from the 2008 National Survey on Drug 
Use and Health: National Findings. NSDUH Series 
H-36. Rockville (MD): U.S. Department of Health and 
Human Services, Substance Abuse and Mental Health 
Services Administration, Office of Applied Studies, 
2009. DHHS Publication No. SMA 09-4434.

Substance Abuse and Mental Health Services Adminis-
tration. Results from the 2009 National Survey on 
Drug Use and Health: Volume I, Summary of National 



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  479

Preventing Tobacco Use Among Youth and Young Adults

Findings. NSDUH Series H-38A. Rockville (MD): U.S. 
Department of Health and Human Services, Substance 
Abuse and Mental Health Services Administration, 
Office of Applied Studies, 2010. DHHS Publication No. 
SMA 10-4856.

Sun P, Unger JB, Sussman S. A new measure of smoking 
initiation and progression among adolescents. Ameri-
can Journal of Health Behavior 2005;29(1):3–11.

Sussman S, Ames SL. Drug Abuse: Concepts, Prevention, 
and Cessation. New York: Cambridge University Press, 
2008.

Sussman S, Dent CW, Burton D, Stacy AW, Flay BR. 
Developing School-Based Tobacco Use Prevention and 
Cessation Programs. Thousand Oaks (CA): Sage Publi-
cations, 1995.

Sussman S, Dent CW, McAdams LA, Stacy AW, Burton D, 
Flay BR. Group self-identification and adolescent ciga-
rette smoking: a 1-year prospective study. Journal of 
Abnormal Psychology 1994;103(3):576–80.

Sussman S, Dent CW, McCullar WJ. Group self-identifica-
tion as a prospective predictor of drug use and violence 
in high-risk youth. Psychology of Addictive Behaviors 
2000;14(2):192–6.

Sussman S, Dent CW, Mestel-Rauch J, Johnson CA, Han-
son WB, Flay BR. Adolescent nonsmokers, triers, and 
regular smokers’ estimates of cigarette smoking preva-
lence: when do overestimations occur and by whom? 
Journal of Applied Social Psychology 1988;18(7 Pt 
1):537–51.

Sussman S, Hahn G, Dent CW, Stacy AW, Burton D, Flay 
BR. Naturalistic observation of adolescent tobacco 
use. International Journal of the Addictions 1993; 
28(9):803–11.

Sussman S, Holt L, Dent CW, Flay BR, Graham JW, Han-
sen WB, Johnson CA. Activity involvement, risk-taking, 
demographic variables, and other drug use: predic-
tion of trying smokeless tobacco. NCI Monographs 
1989;8(8):57–62.

Sussman S, Pokhrel P, Ashmore RD, Brown BB. Adoles-
cent peer group identification and characteristics: a 
review of the literature. Addictive Behaviors 2007;32(8): 
1602–27.

Sutherland I, Shepherd JP. Social dimensions of adoles-
cent substance use. Addiction 2001;96(3):445–58.

Swanson JE, Swanson E, Greenwald AG. Using the implicit 
association test to investigate attitude-behaviour con-
sistency for stigmatised behaviour. Cognition & Emo-
tion 2001;15(2):207–30.

Taber MT, Das S, Fibiger HC. Cortical regulation of sub-
cortical dopamine release: mediation via the ventral 
tegmental area. Journal of Neurochemistry 1995; 
65(3):1407–10.

Tamm L, Menon V, Ringel J, Reiss AL. Event-related FMRI 
evidence of frontotemporal involvement in aberrant 
response inhibition and task switching in attention-
deficit/hyperactivity disorder. Journal of the Ameri-
can Academy of Child and Adolescent Psychiatry 
2004;43(11):1430–40.

Tercyak KP, Rodriguez D, Audrain-McGovern J. High 
school seniors’ smoking initiation and progression 
1 year after graduation. American Journal of Public 
Health 2007;97(8):1397–8.

Thankappan KR, Thresia CU. Tobacco use and social 
status in Kerala. Indian Journal of Medical Research 
2007;126(4):300–8.

Thorgeirsson TE, Gudbjartsson DF, Surakka I, Vink JM, 
Amin N, Geller F, Sulem P, Rafnar T, Esko T, Walter 
S, et al. Sequence variants at CHRNB3-CHRNA6 and 
CYP2A6 affect smoking behavior. Nature Genetics 
2010;42(5):448–53.

Thush C, Wiers RW, Ames SL, Grenard JL, Sussman S, 
Stacy AW. Apples and oranges: comparing indirect 
measures of alcohol-related cognition predicting alco-
hol use in at-risk adolescents. Psychology of Addictive 
Behaviors 2007;21(4):587–91.

Thush C, Wiers RW, Ames SL, Grenard JL, Sussman S, 
Stacy AW. Interactions between implicit and explicit 
cognition and working memory capacity in the pre-
diction of alcohol use in at-risk adolescents. Drug and 
Alcohol Dependence 2008;94(1–3):116–24.

Tiffany ST. A cognitive model of drug urges and drug-use 
behavior: role of automatic and nonautomatic pro-
cesses. Psychological Review 1990;97(2):147–68.

Tobacco and Genetics Consortium. Genome-wide meta-
analyses identify multiple loci associated with smoking 
behavior. Nature Genetics 2010;42(5):441–7.

Tobacco Products Scientific Advisory Committee. Men-
thol cigarettes and public health: Review of the scien-
tific evidence and recommendations, 2011; http://www.
fda.gov/downloads/AdvisoryCommittees/Committees-
MeetingMaterials/TobaccoProductsScientificAdvisory-
Committee/UCM247689.pdf>; accessed: November 28, 
2011.

Tomar SL, Giovino GA. Incidence and predictors of smoke-
less tobacco use among US youth. American Journal of 
Public Health 1998;88(1):20–6.

Tseng M, Yeatts K, Millikan R, Newman B. Area-level char-
acteristics and smoking in women. American Journal 
of Public Health 2001;91(11):1847–50.

Tucker JS, Ellickson PL, Klein DJ. Predictors of the 
transition to regular smoking during adolescence 
and young adulthood. Journal of Adolescent Health 
2003;32(4):314–24.

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/TobaccoProductsScientificAdvisoryCommittee/UCM247689.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/TobaccoProductsScientificAdvisoryCommittee/UCM247689.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/TobaccoProductsScientificAdvisoryCommittee/UCM247689.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/TobaccoProductsScientificAdvisoryCommittee/UCM247689.pdf


Surgeon General’s Report

480 Chapter 4

Tucker JS, Martínez JF, Ellickson PL, Edelen MO. Tem-
poral associations of cigarette smoking with social 
influences, academic performance, and delinquency: 
a four-wave longitudinal study from ages 13–23. Psy-
chology of Addictive Behaviors 2008;22(1):1–11.

Turner L, Mermelstein R, Flay B. Individual and contex-
tual influences on adolescent smoking. Annals of the 
New York Academy of Sciences 2004;1021:175–97.

Turner-Musa J, Lipscomb L. Spirituality and social sup-
port on health behaviors of African American under-
graduates. American Journal of Health Behavior 2007; 
31(5):495–501.

Tyas SL, Pederson LL. Psychosocial factors related to 
adolescent smoking: a critical review of the literature. 
Tobacco Control 1998;7(4):409–20.

Uhl GR, Drgon T, Johnson C, Fatusin OO, Liu QR, Buck 
K, Crabbe J. “Higher order” addiction molecular genet-
ics: convergent data from genome-wide association 
in humans and mice. Biochemical Pharmacology 
2008;75(1):98–111.

Unger JB, Cruz TB, Rohrbach LA, Ribisl KM, Baezconde-
Garbanati L, Chen X, Trinidad DR, Johnson CA. Eng-
lish language use as a risk factor for smoking initiation 
among Hispanic and Asian American adolescents: 
evidence for mediation by tobacco-related beliefs and 
social norms. Health Psychology 2000;19(5):403–10.

Unger JB, Cruz TB, Schuster D, Flora JA, Johnson CA. 
Measuring exposure to pro- and antitobacco market-
ing among adolescents: intercorrelations among mea-
sures and associations with smoking status. Journal of 
Health Communication 2001;6(1):11–29.

Unger JB, Hamilton JE, Sussman S. A family member’s 
job loss as a risk factor for smoking among adolescents. 
Health Psychology 2004;23(3):308–13.

Unger JB, Johnson CA, Stoddard JL, Nezami E, Chou CP. 
Identification of adolescents at risk for smoking initia-
tion: validation of a measure of susceptibility. Addictive 
Behaviors 1997;22(1):81–91.

Urberg KA, Değirmencioğlu SM, Pilgrim C. Close friend 
and group influence on adolescent cigarette smok-
ing and alcohol use. Developmental Psychology 1997; 
33(5):834–44.

Urberg KA, Shyu SJ, Liang J. Peer influence in ado-
lescent cigarette smoking. Addictive Behaviors 
1990;15(3):247–55.

U.S. Department of Health and Human Services. Prevent-
ing Tobacco Use Among Young People. A Report of the 
Surgeon General. Atlanta (GA): U.S. Department of 
Health and Human Services, Public Health Service, 
Centers for Disease Control and Prevention, National 
Center for Chronic Disease Prevention and Health Pro-
motion, Office on Smoking and Health, 1994.

U.S. Department of Health and Human Services. How 
Tobacco Smoke Causes Disease—The Biology and 
Behavioral Basis for Tobacco-Attributable Disease: A 
Report of the Surgeon General. Atlanta: U.S. Depart-
ment of Health and Human Services, Centers for 
Disease Control and Prevention, National Center for 
Chronic Disease Prevention and Health Promotion, 
Office on Smoking and Health, 2010.

U.S. Department of Health, Education, and Welfare. Smok-
ing and Health: Report of the Advisory Committee to 
the Surgeon General of the Public Health Service. 
Washington: U.S. Department of Health, Education, 
and Welfare, Public Health Service, Center for Disease 
Control, 1964. PHS Publication No. 1103.

Valente TW, Gallaher P, Mouttapa M. Using social net-
works to understand and prevent substance use: a 
transdisciplinary perspective. Substance Use & Misuse 
2004;39(10–12):1685–712.

Valente TW, Unger JB, Johnson CA. Do popular students 
smoke: the association between popularity and smok-
ing among middle school students. Journal of Adoles-
cent Health 2005;37(4):323–29.

van den Bree MB, Whitmer MD, Pickworth WB. Predictors 
of smoking development in a population-based sample 
of adolescents: a prospective study. Journal of Adoles-
cent Health 2004;35(3):172–81.

Velicer WF, Redding CA, Anatchkova MD, Fava JL, Pro-
chaska JO. Identifying cluster subtypes for the pre-
vention of adolescent smoking acquisition. Addictive 
Behaviors 2007;32(2):228–47.

Villanti A, Boulay M, Juon H-S. Peer, parent and media 
influences on adolescent smoking by developmental 
stage. Addictive Behaviors 2011;36(1–2):133–6.

Vink JM, Willemsen G, Boomsma DI. The association of 
current smoking behavior with the smoking behavior 
of parents, siblings, friends and spouses. Addiction 
2003a;98(7):923–31.

Vink JM, Willemsen G, Engels RC, Boomsma DI. Smok-
ing status of parents, siblings and friends: predictors 
of regular smoking: findings from a longitudinal twin-
family study. Twin Research 2003b;6(3):209–17.

Wahl SK, Turner LR, Mermelstein RJ, Flay BR. Adoles-
cents’ smoking expectancies: psychometric properties 
and prediction of behavior change. Nicotine & Tobacco 
Research 2005;7(4):613–23.

Wakefield MA, Chaloupka FJ, Kaufman NJ, Orleans CT, 
Barker DC, Ruel EE. Effect of restrictions on smok-
ing at home, at school, and in public places on teenage 
smoking: cross sectional study. BMJ (British Medical 
Journal) 2000;321(7257):333–7.



Social, Environmental, Cognitive, and Genetic Influences on the Use of Tobacco Among Youth  481

Preventing Tobacco Use Among Youth and Young Adults

Walaas I, Fonnum F. Biochemical evidence for γ- 
aminobutyrate containing fibres from the nucleus 
accumbens to the substantia nigra and ventral tegmen-
tal area in the rat. Neuroscience 1980;5(1):63–72.

Wang MQ. Social environmental influences on adoles-
cents’ smoking progression. American Journal of 
Health Behavior 2001;25(4):418–25.

Wang JC, Cruchaga C, Saccone NL, Bertelsen S, Liu P, 
Budde JP, Duan W, Fox L, Grucza RA, Kern J, et al. 
Risk for nicotine dependence and lung cancer is con-
ferred by mRNA expression levels and amino acid 
change in CHRNA5. Human Molecular Genetics 
2009;18(16):3125–35.

Wang MQ, Eddy JM, Fitzhugh EC. Smoking acquisi-
tion: peer influence and self-selection. Psychological 
Reports 2000;86(3 Pt 2):1241–6.

Wang MQ, Fitzhugh EC, Green BL, Turner LW, Eddy JM, 
Westerfield RC. Prospective social-psychological fac-
tors of adolescent smoking progression. Journal of 
Adolescent Health 1999;24(1):2–9.

Warren CW, Jones NR, Peruga A, Chauvin J, Baptiste 
JP, Costa de Silva V, El Awa F, Tsouros A, Rahman K, 
Fishburn B, et al. Global youth tobacco surveillance, 
2000–2007. Morbidity and Mortality Weekly Report 
2008;57(SS-1):1–28.

Wasserman S, Faust K. Social Network Analysis: Methods 
and Applications. Cambridge: Cambridge University 
Press, 1994.

Waters AJ, Carter BL, Robinson JD, Wetter DW, Lam CY, 
Cinciripini PM. Implicit attitudes to smoking are asso-
ciated with craving and dependence. Drug and Alcohol 
Dependence 2007;91(2–3):178–86.

Waters AJ, Sayette MA. Implicit cognition and tobacco 
addiction. In: Wiers RW, Stacy AW, editors. Handbook 
of Implicit Cognition and Addiction. Thousand Oaks 
(CA): Sage Publications, 2006:309–38.

Weinstein SM, Mermelstein R, Shiffman S, Flay B. Mood 
variability and cigarette smoking escalation among 
adolescents. Psychology of Addictive Behaviors 2008; 
22(4):504–13.

Weiss JW, Garbanati JA. Effects of acculturation and social 
norms on adolescent smoking among Asian-American 
subgroups. Journal of Ethnicity in Substance Abuse 
2006;5(2):75–90.

Weiss JW, Spruijt-Metz D, Palmer PH, Chou CP, Johnson 
CA, China Seven Cities Study Research Team. Smoking 
among adolescents in China: an analysis based upon 
the meanings of smoking theory. American Journal of 
Health Promotion 2006;20(3):171–8.

Wellman RJ, Sugarman DB, DiFranza JR, Winickoff JP. 
The extent to which tobacco marketing and tobacco 
use in films contribute to children’s use of tobacco: 

a meta-analysis. Archives of Pediatrics & Adolescent 
Medicine 2006;160(12):1285–96.

Wen M, Van Duker H, Olson LM. Social contexts of 
regular smoking in adolescence: towards a multidi-
mensional ecological model. Journal of Adolescence 
2009;32(3):671–92. 

Wessel J, McDonald SM, Hinds DA, Stokowski RP, Javitz 
HS, Kennemer M, Krasnow R, Dirks W, Hardin J, Pitts 
SJ, et al. Resequencing of nicotinic acetylcholine recep-
tor genes and association of common and rare variants 
with the Fagerstrom Test for Nicotine Dependence. 
Neuropsychopharmacology 2010;35(12):2392–402.

West P, Sweeting H, Ecob R. Family and friends’ influences 
on the uptake of regular smoking from mid-adolescence 
to early adulthood. Addiction 1999;94(9):1397–411.

Wetter DW, Kenford SL, Welsch SK, Smith SS, Fouladi RT, 
Fiore MC, Baker TB. Prevalence and predictors of tran-
sitions in smoking behavior among college students. 
Health Psychology 2004;23(2):168–77.

White HR, Nagin D, Replogle E, Stouthamer-Loeber M. 
Racial differences in trajectories of cigarette use. Drug 
and Alcohol Dependence 2004;76(3):219–27.

White HR, Pandina RJ, Chen PH. Developmental tra-
jectories of cigarette use from early adolescence into 
young adulthood. Drug and Alcohol Dependence 2002; 
65(2):167–78.

White HR, Violette NM, Metzger L, Stouthamer-Loeber M. 
Adolescent risk factors for late-onset smoking among 
African American young men. Nicotine & Tobacco 
Research 2007;9(1):153–61.

White MM, Gilpin EA, Emery SL, Pierce JP. Facilitating 
adolescent smoking: who provides the cigarettes? Amer-
ican Journal of Health Promotion 2005;19(5):355–60.

White VM, Hopper JL, Wearing AJ, Hill DJ. The role of 
genes in tobacco smoking during adolescence and 
young adulthood: a multivariate behaviour genetic 
investigation. Addiction 2003;98(8):1087–100.

Whooley MA, Boyd AL, Gardin JM, Williams DR. Religious 
involvement and cigarette smoking in young adults: 
the CARDIA Study. Archives of Internal Medicine 
2002;162(14):1604–10.

Wiers RW, de Jong PJ. Implicit and explicit alcohol, smok-
ing, and drug-related cognitions and emotions. In: 
Arlsdale JZ, editor. Advances in Social Psychology 
Research. Hauppauge (NY): Nova Science Publishers, 
2006:1–35.

Wiers RW, Houben K, Smulders FTY, Conrod PJ, Jones 
BT. To drink or not to drink: the role of automatic and 
controlled cognitive processes in the etiology of alco-
hol-related problems. In: Wiers RW, Stacy AW, editors. 
Handbook of Implicit Cognition and Addiction. Thou-
sand Oaks (CA): Sage Publications, 2006:339–61.



Surgeon General’s Report

482 Chapter 4

Wiers RW, Stacy AW, editors. Handbook of Implicit Cogni-
tion and Addiction. Thousand Oaks (CA): Sage Publica-
tions, 2006.

Wiers RW, van Woerden N, Smulders FT, de Jong PJ. 
Implicit and explicit alcohol-related cognitions in 
heavy and light drinkers. Journal of Abnormal Psychol-
ogy 2002;111(4):648–58.

Wilcox P. An ecological approach to understanding youth 
smoking trajectories: problems and prospects. Addic-
tion 2003;98(Suppl 1):57–77.

Wills TA, Filer M. Stress–coping model of adolescent 
substance use. In: Ollendick TH, Prinz RJ, editors. 
Advances in Clinical Child Psychology. Vol. 18. New 
York: Plenum Press, 1996:91–132.

Wills TA, Murry VM, Brody GH, Gibbons FX, Gerrard M, 
Walker C, Ainette MG. Ethnic pride and self-control 
related to protective and risk factors: test of the theo-
retical model for the strong African American families 
program. Health Psychology 2007;26(1):50–9.

Wills TA, Sandy JM, Yaeger AM. Temperament and adoles-
cent substance use: an epigenetic approach to risk and 
protection. Journal of Personality 2000;68(6):1127–51.

Wills TA, Sandy JM, Yaeger AM. Stress and smoking in 
adolescence: a test of directional hypotheses. Health 
Psychology 2002;21(2):122–30.

Windle M, Spear LP, Fuligni AJ, Angold A, Brown JD, Pine 
D, Smith GT, Giedd J, Dahl RE. Transitions into under-
age and problem drinking: developmental processes 
and mechanisms between 10 and 15 years of age. Pedi-
atrics 2008;121(Suppl 4):S273–S289.

Windle M, Windle RC. Depressive symptoms and ciga-
rette smoking among middle adolescents: prospective 
associations and intrapersonal and interpersonal influ-
ences. Journal of Consulting and Clinical Psychology 
2001;69(2):215–26.

Winickoff JP, Gottlieb M, Mello MM. Regulation of smok-
ing in public housing. New England Journal of Medi-
cine 2010;362(24):2319–25.

Wong G, Glover M, Nosa V, Freeman B, Paynter J, Scragg 
R. Young people, money, and access to tobacco. New 
Zealand Medical Journal 2007;120(1267):U2864.

World Health Organization. Tobacco Free Initiative Meet-
ing on Tobacco and Religion, 3 May 1999, Geneva, 
Switzerland. Geneva: World Health Organization; 
1999. WHO Report WHO/NCD/TFI/99.12.

World Health Organization, Eastern Mediterranean 
Regional Office. Distribution of the Islamic Ruling 
on Smoking in 53,000 Mosques within Egypt. 2001. 
<http://www.emro.who.int/TFI/wntd2001/islamicrul-
ings.Htm>; accessed: May 4, 2009.

Wu L-T, Schlenger WE, Galvin DM. The relationship 
between employment and substance use among stu-
dents aged 12 to 17. Journal of Adolescent Health 2003; 
32(1):5–15.

Xue Y, Zimmerman MA, Caldwell CH. Neighborhood resi-
dence and cigarette smoking among urban youths: the 
protective role of prosocial activities. American Jour-
nal of Public Health 2007;97(10):1865–72.

Young SE, Rhee SH, Stallings MC, Corley RP, Hewitt JK. 
Genetic and environmental vulnerabilities underlying 
adolescent substance use and problem use: general or 
specific? Behavior Genetics 2006;36(4):603–15.

Yu M. Tobacco use among American Indian or Alaska Na-
tive middle- and high-school students in the United 
States. Nicotine & Tobacco Research 2011;13(3): 
173–81. 

Yu M, Stiffman AR, Freedenthal S. Factors affecting Amer-
ican Indian adolescent tobacco use. Addictive Behav-
iors 2005;30(5):889–904.

Zhang J, Wang Z. Factors associated with smoking in 
Asian American adults: a systematic review. Nicotine & 
Tobacco Research 2008;10(5):791–801.

http://www.emro.who.int/TFI/wntd2001/islamicrulings.Htm
http://www.emro.who.int/TFI/wntd2001/islamicrulings.Htm

	Table of Contents
	Introduction
	Developmental Stages of Tobacco Use
	Considering Different Types of Tobacco Use

	Large Social and Physical Environments
	Large Social Environment
	Religious and Cultural Influences
	Gender
	Socioeconomic Status
	Educational and Academic Achievement
	School Environment
	Extracurricular and Organized Activities

	Large Physical Environment
	Summary

	Small Social Groups
	Homogeneity of Tobacco Use Among Adolescents and Friends
	Interaction-Based Versus Identity-Based Peer Groups
	Peer Social Networks
	Identification with a Peer Group
	Normative Expectations of Peers

	Family Context
	Summary

	Cognitive and Affective Processes
	Mood and Affect
	Cognitive Processes
	Explicit or Controlled Cognitive Factors and the Deliberate Processing of Information
	Automatic/Implicit Cognitive Processes
	Dual-Process Models

	Summary

	Genetic Factors and Neurobiological and Neurodevelopmental Processes
	Genetic Influence on Smoking Behaviors
	Genetic Linkage Analyses
	Candidate Gene Studies
	Genomewide Association Studies and Sequencing

	Genetic Factors in Tobacco Use Among Youth
	Studies of Twins
	Interaction Effects Between Genetic and Environmental Factors

	Neurotransmission and Brain Function in Tobacco Use
	Overview of the Effects of Nicotine on the Brain
	Research Using Imaging in Children  and Adolescents
	Tobacco Dependence in Adolescence

	Developmental Processes: Prenatal Exposure to Nicotine
	Summary

	Evidence Summary
	Large Social and Physical Environments
	Small Social Groups
	Intrapersonal Cognitive Processes
	Genetic Factors and Neurobiological and Neurodevelopmental Processes
	Multilevel Influences on Tobacco Use
	Summary

	Conclusions
	References

