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Developmental Trajectories of Cigarette
 

Smoking from Adolescence to Adulthood
 
Laurie Chassin, Patrick J. Curran, Clark C. Presson, 

Steven J. Sherman, and R. J. Wirth 

Patterns of smoking behavior over time exhibit substantial variation, and these patterns, 
in turn, hold the potential to inform possible phenotypes of tobacco use and dependence. 
This chapter examines the literature concerning developmental trajectories of cigarette 
smoking between adolescence and adulthood. It also presents an empirical example that 
examines these trajectories by using data from the Indiana University Smoking Survey. 
Specific areas discussed include 

■ 	 Past studies describing smoking trajectories and their antecedents and correlates 

■ 	 Empirically identified trajectories of smoking from adolescence to adulthood 

■ 	 Statistical approaches for potentially identifying unique trajectory classes from 
empirical data 

■ 	 Results from a dynamic cluster analysis of tobacco use trajectories from the ages 
of 10 to 42 years in a sample initially recruited from a midwestern school system 

The data discussed in this chapter provide a framework for a three-chapter section in 
this monograph exploring aspects of cigarette smoking trajectories and their potential 
to inform further genetic research. In particular, these data point to several key areas 
for further study, linking these trajectories of smoking behavior to possible dynamic or 
developmental phenotypes of nicotine dependence. 

The analyses described herein were supported by National Institute of Health grant DA013555. The authors thank 
Jon Macy and the families of the Indiana University Smoking Survey for their assistance in data collection and 
Denise Kruszewski for assistance with literature reviews. 
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Introduction 
In attempting to identify phenotypes 
of cigarette smoking, is it potentially 
informative to consider heterogeneity in 
trajectories of smoking from adolescence 
to adulthood? Moreover, could these 
developmental patterns be useful for genetic 
analyses of smoking behavior? This chapter 
considers developmental trajectories of 
cigarette smoking as part of a broader section 
within this monograph (chapters 5–7) 
that examines tobacco use trajectories and 
their role in informing an understanding 
of phenotypes of smoking behavior. This 
chapter reviews the literature on trajectories 
of cigarette smoking from adolescence to 
adulthood, raises methodological issues, 
and provides an empirical example of these 
trajectories in relation to aspects of adult 
smoking phenotypes. 

A central premise of this monograph is 
that the adult smoking phenotype used in 
the field of behavioral genetics is a crude 
and heterogeneous phenotype that is not 
ideal for genetic study (or for studies of 
etiological mechanisms more broadly). 
Efforts to refine this phenotype include 
distinguishing among adult smokers 
on features such as amount smoked, 
the presence or absence of particular 
dependence symptoms, failed cessation, 
maximum length of abstinence, and other 
factors, as well as on the basis of candidate 
endophenotypes (chapters 8 and 9). 
However, developmental considerations 
about the initiation, acquisition, and course 
of cigarette smoking from adolescence 
to adulthood may also contribute to an 
understanding of smoking phenotypes. 
For example, different stages of the 
smoking acquisition process (e.g., initial 
onset versus progression) differ in their 
heritability,1,2 suggesting that different 
points along smoking trajectories may 
be influenced by different etiological 

factors (see chapter 3). Moreover, other 
features of developmental trajectories of 
smoking—including age of onset, speed 
of acceleration in smoking rate, variability 
versus persistence in smoking over 
time, and trajectories of associated 
use of other substances (e.g., alcohol, 
marijuana)—may all be useful in defi ning 
more homogeneous phenotypes for 
genetic analysis.3,4 

These research questions require data 
about adolescent origins to inform the 
identification of smoking phenotypes 
in adulthood. However, the need to 
understand adult outcomes is not the only 
reason for an interest in the adolescent 
origins of smoking trajectories. For example, 
an understanding of heterogeneity in 
adolescent smoking phenotypes is itself 
important for understanding the etiology of 
adolescent smoking and for the development 
of preventive intervention targeted at 
adolescent age groups. Thus, for multiple 
reasons, it is useful to examine developmental 
aspects of smoking trajectories from their 
initial onset through adulthood to identify 
multiple pathways and the mechanisms 
underlying these pathways. 

Because this is a chapter on trajectories 
of smoking behavior, and not tobacco 
dependence, it is also important to note 
questions that this chapter will not address. 
It does not cover theoretical issues in 
the conceptualization of dependence. 
This discussion is provided in chapter 3. 
It does not discuss the issues that are 
raised in modeling genetically informative 
samples; these are covered in chapter 6. 
Finally, trajectories of cigarette smoking 
do not occur in isolation but are associated 
with other forms of substance use. 
A consideration of smoking trajectories 
in combination with other substance use 
is provided in chapter 7, along with an 
empirical example of smoking and alcohol-
use trajectories. 
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A Developmental 
Psychopathology 
Perspective: Studying 
Multiple Trajectories 
over Time 
Although a comprehensive treatment of a 
developmental psychopathology perspective 
is beyond the scope of this chapter, it is 
important to embed the study of smoking 
trajectories within this broader conceptual 
and empirical context. Developmental 
psychopathology has been defined as the 
study of “the origins and course of individual 
patterns of behavioral maladaptation.”5(p18) 

This definition places maladaptive behavior 
within the context of normal development, 
as well as in relation to the interplay 
between an individual’s internal and 
external contexts in which neurobiological 
development and psychosocial experience 
are proposed to influence each other in 
reciprocal fashion.6 

A developmental psychopathology perspective 
recognizes that different infl uences may 
determine the initiation of behavior as 
opposed to the maintenance of that behavior 
(as also hypothesized by stage models of 
cigarette smoking—for example, Mayhew and 
colleagues7—and the “watershed” model in 
chapter 3). Moreover, from this perspective, 
it is hypothesized that multiple, differing 
etiological pathways may lead ultimately to 
the same outcome (equifi nality). In addition, 
it is hypothesized that any given risk factor 
may produce a range of diverse outcomes 
(multifi nality).8 

A developmental psychopathology 
perspective thus leads to the study of 
multiple trajectories of behavior over time 
so as to be able to identify and explain these 
diverse patterns of development. Such 
pathways are probabilistic in nature, rather 

than reified “groups,” and it is possible 
for an individual to change trajectories 
in response to some change in risk and 
protective factors. Methods used to study 
multiple trajectories include both traditional 
variable-centered approaches (in which 
predictor variables are related to some 
outcome) and person-centered approaches 
(in which relatively homogeneous 
subgroups are identified and studied). 

For the purposes of this monograph, an 
important question is whether thinking 
about multiple developmental pathways or 
trajectories of smoking over the life span can 
be useful for refining phenotypes of smoking 
to be used in genetic research. In other 
words, does it make sense to consider 
dynamic or developmental phenotypes of 
smoking? As noted by Pickles and Hill,9 

the notion of “pathways” or trajectories 
is not only a rich metaphor but also one 
that raises many questions and challenges 
(including whether such pathways are 
actually empirically identifiable). For more 
information, the reader is referred to 
extended discussions in Pickles and Hill.9 

Other references include Gottlieb and 
Willoughby10 for a study considering the 
comorbidity of attention defi cit hyperactivity 
disorder (ADHD) and smoking and Bergman 
and colleagues11 for an extended discussion 
of person-centered research methods. 

Adolescent Cigarette Smoking 
and Tobacco Dependence 

Adolescence is the developmental period 
during which smoking (and other substance 
use) is most commonly initiated. In 2005, 
9.3% of 8th graders, 14.9% of 10th graders, 
and 23.2% of 12th graders reported smoking 
in the past 30 days of a survey.12 As with 
most forms of substance use, smoking rises 
to a peak prevalence in the age period of 
18–25 years,13,14 but unlike other forms 
of substance use, which decline after the 
mid-20s, smoking is more persistent.13,14 
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Perhaps this is true because smoking is 
legal, addictive, and does not immediately 
impair performance. 

Compared with information about the 
prevalence of adolescent cigarette smoking, 
less is known about tobacco dependence in 
adolescence because this has been a later 
focus of research attention. Two commonly 
used measurement methods involve 
modifications of the Fagerström Tolerance 
Questionnaire (FTQ)15 or the Diagnostic 
and Statistical Manual of Mental Disorders 
(DSM) criteria.16 These two approaches 
produce only modest concordance in 
classifying adolescents, except at high levels 
of smoking of at least 16 cigarettes per day.17 

Moreover, as has been shown for other forms 
of substance-use disorders, some caution 
is warranted in applying adult dependence 
measures to adolescents.18 Whether or not 
the construct of dependence is similar for 
adults and adolescents, the functioning 
of particular items and criteria may 
differ. Additional research is needed on 
the measurement equivalence of tobacco 
dependence criteria over the life span 
(see chapter 6 for an empirical example of 
studying measurement equivalence over age). 

Reported prevalence rates of tobacco 
dependence among adolescent smokers 
have varied widely depending on sampling, 
definitions of dependence, and defi nitions 
of adolescent smoking. A review by Colby 
and colleagues19 reports rates between 20% 
for a proxy DSM diagnosis among 12- to 
17-year-olds who smoked in the past year 
and 68% for a diagnosis based on FTQ 
criteria among 13- to 17-year-olds who 
smoked one pack or more per day. Kandel 
and colleagues17 found that the majority of 
adolescent daily smokers met criteria for 
dependence (87% according to DSM criteria 
and 63% according to Fagerström criteria). 
In addition, there were no race/ethnicity 
differences in prevalence when smoking 
intake was controlled. Using the criteria of 

the International Statistical Classifi cation 
of Diseases and Related Health Problems, 
Tenth Revision (ICD-10), O’Loughlin and 
colleagues20 found that 65.9% of 7th grade 
daily smokers were dependent. Thus, 
the majority of adolescent daily smokers 
appear to show tobacco dependence. 

Whether or not they meet full diagnostic 
criteria, adolescents commonly report 
individual dependence symptoms. Kandel 
and colleagues21 found that tolerance, 
impaired control, and withdrawal were 
the most common DSM Fourth Edition 
(DSM-IV) symptoms reported in a 
multiethnic sample of 6th–10th graders. 
Colby and colleagues19 reported that 
most adolescent smokers retrospectively 
recalled at least one withdrawal symptom, 
either as part of a quit attempt or during 
periods when they were restricted from 
smoking. As with adult smokers, withdrawal 
symptoms are common.22 Craving is 
the most commonly reported symptom 
(see also Rojas and colleagues23). However, 
reports of withdrawal symptoms are 
influenced by expectancies.24 Prokhorov 
and colleagues25 note that withdrawal 
symptoms such as irritability, depression, 
insomnia, and trouble in concentrating can 
be characteristic of adolescents in general, 
rather than specific to tobacco withdrawal 
(see Hughes22 for a similar point concerning 
the adult epidemiological literature). 

There are some data concerning the 
amount of time and exposure required for 
adolescent smokers to develop dependence. 
Using retrospective data from the 
National Comorbidity Survey, Breslau and 
colleagues26 found that the onset of DSM 
Third Edition Revised nicotine dependence 
typically occurred at least one year after 
the onset of daily smoking. Gervais and 
colleagues27 used a prospective study 
of 7th graders and reported that a 25% 
cumulative probability of attaining an ICD 
tobacco dependence diagnosis occurred at 
41 months after the first puff of a cigarette. 
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In a longitudinal study of a multiethnic 
sample of 6th–10th graders, Kandel and 
colleagues21 found that a 25% cumulative 
probability of attaining DSM-IV nicotine 
dependence occurred 23 months after 
tobacco use onset. 

In contrast to the onset of the full 
dependence diagnosis, there is a shorter 
time to the first symptom of dependence. 
Kandel and colleagues21 found that 25% 
of adolescent tobacco users experienced 
DSM-IV symptoms within five months of 
use. DiFranza and colleagues28 found that 
among the 40% of ever-smoking adolescents 
who reported dependence symptoms, 
the median latency from monthly smoking 
to the onset of symptoms was 21 days for 
girls and 183 days for boys. 

Some researchers have suggested that 
adolescents experience dependence 
symptoms not only quickly but also at very 
low levels of consumption.21 For example, 
O’Loughlin and colleagues20 reported 
that, among 7th graders, 19.4% of weekly 
smokers met ICD-10 dependence criteria. 
Dierker and colleagues29 found a similar 
prevalence (22%) by using DSM-IV 
diagnostic criteria with college freshmen 
who had smoked in the past week. 
When considering the presence of any 
symptom (rather than the full diagnostic 
criteria), even higher percentages of 
adolescents report symptoms at low levels 
of consumption. For example, among a 
sample of adolescents who smoked in the 
past three months, some reported symptoms 
even though they had smoked only once or 
twice.20 Similarly, in a sample of 7th graders, 
DiFranza and colleagues28 found that the 
median frequency of smoking at the onset 
of symptoms was only two cigarettes, one 
day per week. These studies are noteworthy 
for their multiple measures and frequent 
assessments but also have sampling 
limitations in terms of somewhat low or 
unreported participation rates (a common 
problem in these kinds of studies). 

Few studies have compared adolescents 
and adults in terms of the relation between 
consumption and dependence. Kandel and 
Chen30 examined a proxy measure of DSM 
dependence in the National Household 
Survey on Drug Abuse data and found 
that adolescents met dependence criteria 
at lower levels of smoking intake than did 
adults. They concluded that adolescents 
are particularly vulnerable to becoming 
tobacco dependent. However, these 
differences between adolescents and adults 
might reflect cohort rather than age effects. 
In a 2001 study, Breslau and colleagues26 

suggest that members of more recent age 
cohorts who adopted smoking, despite 
widespread public knowledge about its 
negative effects, may be particularly deviant 
in personality and represent a subsample 
of the population who have a high 
probability of developing into committed 
(and dependent) smokers. Because age and 
cohort are confounded in these studies, 
it is not possible to separate these two 
interpretations, and both effects might 
be operative. Moreover, other researchers 
have suggested that, rather than a 
“hardening” of smoking, changes in tobacco 
control and prevention and in the social 
acceptability of smoking have produced 
a “softening” of smoking. A 2006 study 
indicated that in recent decades, smokers 
have decreased the number of cigarettes 
that they smoke,31 suggesting a substantial 
prevalence of light smoking. Whether 
or not smoking has been “hardening” or 
“softening” or both (i.e., becoming more 
bimodal), significant changes have been 
occurring in the United States both in 
tobacco control and prevention activities 
and in social norms about smoking. Given 
the powerful role of cultural and social 
norms, tobacco policies (e.g., taxation, 
youth access laws) and changes in the 
overall prevalence of smoking in the 
United States, it is important for research 
on adolescent smoking trajectories to 
consider historical and cohort effects on 
the fi ndings.32 
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In general, the adolescent literature 
suggests a relation between increased levels 
of consumption and the probability of 
tobacco dependence. However, this relation 
is far from perfect, and some adolescents 
report symptoms at low levels of smoking.29 

Reports of dependence symptoms at very 
low levels of intake may have multiple 
interpretations including problems of 
measurement (e.g., dependence symptoms 
being nonspecific), the possibility that 
tobacco dependence is a multidimensional 
construct (with only some dimensions 
related to smoking rate), and the possibility 
that there are heterogeneous subgroups of 
adolescents who are dependent on tobacco, 
some at quite low levels of consumption.19 

In addition to these interpretations, 
adolescents may show dependence 
symptoms at low levels of intake because 
they are particularly sensitive (compared 
with adults) to developing tobacco 
dependence. This interpretation is consistent 
with data from rodent models that compare 
adolescent versus adult exposure to nicotine. 
Levin and colleagues33 found that female 
rats that began self-administration in 
adolescence showed signifi cantly higher 
levels of self-administration than those 
who began in adulthood. This difference 
in rate of self-administration lasted 
into adulthood. Similarly, Adriani and 
colleagues34 found that early-adolescent 
mice exhibited a spontaneous drive to 
oral nicotine (compared to water), which 
was not demonstrated by middle or late 
adolescents. In addition, early-adolescent 
nicotine exposure led to signifi cant place 
conditioning, which was not seen for either 
late-adolescent or adult exposure. 

Although the mechanisms underlying these 
age differences are not well understood, 
the unique effects of adolescent exposure 
compared with adult exposure to nicotine 
self-administration may be mediated 
through differential sensitivity to nicotine 
effects. Levin and colleagues33 found that 

adolescent rats showed more hypothermia 
to nicotine than did adults at a given dose, 
although adult rats showed more activity 
reduction. Belluzzi and colleagues35 

replicated these activity reduction effects 
with male rats and suggested that locomotor 
inhibition may be an aversive effect of 
nicotine that is more pronounced in 
adults than in adolescents. However, age 
differences in nicotine response may be 
further modified by sex differences36 and 
by exposure to nicotine in combination 
with alcohol.37 

There may also be developmental differences 
in nicotine withdrawal. For example, O’Dell 
and colleagues38 found that adolescent rats 
showed decreased sensitivity to withdrawal 
after chronic nicotine administration. 
They also suggested that nicotine exposure 
in adolescence may produce maximal 
reinforcing effects and minimal aversive 
effects, thus promoting rapid acceleration 
of self-administration. Moreover, in rats, 
adolescent nicotine exposure even for a brief 
period (intermittent doses with twice-daily 
injections) at low dosage levels (producing 
plasma concentrations as little as 1/10 of 
regular smokers) has been reported to 
produce nicotinic acetylcholine receptor 
upregulation in brain regions associated 
with nicotine dependence. This may make 
the adolescent brain particularly sensitive 
to nicotine effects.39 Taken together, these 
data suggest that adolescence may be a 
unique period of biological vulnerability, 
during which nicotine exposure produces 
particularly rapid escalation in trajectories 
of nicotine consumption that may persist 
over time as well as increased vulnerability 
for dependence because of differential 
sensitivity to nicotine effects. 

Of course, significant caution is required in 
generalizing from animal models to human 
adolescents, given differences in methods 
of administration, dosages, and contextual 
factors such as restrictions on access to 
tobacco, the social and peer context of 
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self-administration, and self-selection into 
smoking for human adolescents. In other 
words, there are likely to be substantial 
genetic, environmental, and gene-
environment correlation and interactions 
that affect whether human adolescents 
begin to smoke as well as the timing of their 
smoking onset. Finally, even in the rodent 
model, the empirical evidence concerning 
age differences in nicotine response is not 
always clear-cut. The evidence has shown 
variation with gender, and with the task or 
paradigm that is used, as well as interactions 
with exposure to other substances.36,37,40 

More needs to be learned concerning 
the mechanisms underlying these age-
dependent effects as well as their magnitude 
and persistence over time. 

This hypothesis of age-dependent 
vulnerabilities to the effects of tobacco 
has also been proposed for other forms of 
substance use (see Spear and Varlinskaya41 

for a review of alcohol data). Moreover, 
in addition to hypotheses concerning 
adolescent-specific vulnerabilities to 
substance-use effects, other models that 
are based in the study of neurobiological 
development suggest that adolescents 
are particularly vulnerable to risk-taking 
behaviors more broadly (which would 
include the use of tobacco and other 
substances). These models note that 
adolescents manifest a biologically driven 
disjunction between increased levels of 
novelty/sensation seeking and the lack of 
fully developed self-regulation mechanisms 
(see Steinberg42 for a review). These models 
view adolescents’ special vulnerability for 
substance use as a function of broader 
developmental characteristics rather 
than specific substance-use effects. These 
alternative models do not necessarily 
oppose each other in terms of explaining 
adolescence as a particularly vulnerable 
period for the initiation of cigarette 
smoking and other substance use. However, 
the notion of differential vulnerability 
to nicotine effects further predicts that 

adolescent initiation (compared with 
later onsets) will be more likely to be 
accompanied by higher consumption levels, 
steeper acceleration and greater persistence 
over time, and the development of 
dependence at lower levels of consumption. 

Biologically based approaches offer 
a different (although not necessarily 
competing) interpretation from psychosocial 
models, which have also sought to explain 
why substance use is typically initiated 
in adolescence and then shows declines 
in adulthood. Psychosocial models often 
conceptualize adolescence as a high-risk 
period for substance-use initiation, because 
of adolescents’ drives for independence, 
adult status, and peer acceptance, all of 
which can be seemingly facilitated by the 
adoption of “problem behaviors” such as 
cigarette smoking and other substance 
use.43 The transition to adulthood (ages 
18–25 years) has been viewed as a time 
of increasing diversity in trajectories 
(see Schulenberg and colleagues44 for a 
review). During these years, the relative 
homogeneity and external control within 
the high school environment is replaced 
with less external structure and increased 
choices, including choices of entry into 
multiple roles (e.g., student, worker, spouse, 
and parent). The transition to adulthood is 
marked by decreased regulation by parents, 
which might lead to escalations in substance 
use, but also by increased responsibility 
for the performance of adult roles, which 
might lead to decreased substance use.45 

Thus, both psychosocial and biologically 
based models provide differing, but not 
mutually exclusive, interpretations of age-
related trajectories of tobacco and other 
substance use. 

Studies of Genetic Infl uences 
on Adolescent Smoking 

Surprisingly, given the interest in genetic 
influences on tobacco use, few high-
quality studies have focused on the family 
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aggregation of adolescent tobacco use.46 

In fact, even basic data on the relation 
between adolescent smoking and parental 
smoking have been confl icting, with 
some reviews suggesting only very weak 
relations between parental smoking and 
adolescent smoking onset.47 However, 
methodological limitations prevent fi rm 
conclusions. Many studies do not directly 
measure parental smoking (relying instead 
on adolescent reports), do not differentiate 
biological parents from adoptive or foster 
parents, do not adequately defi ne the 
phenotype of parental smoking (often 
failing to differentiate between parental 
nonsmoking and former smoking),48 and 
do not consider possible effects of prenatal 
exposure (see Avenevoli and Merikangas46 

for a detailed methodological critique of 
this literature). 

Similarly, studies have not carefully defi ned 
the phenotype of adolescent smoking. 
Parental smoking may be more strongly 
related to adolescents’ smoking rate or 
early age of onset rather than adolescents’ 
global smoking status. Finally, studies often 
dismiss the role of parental smoking if its 
effects are eliminated when other variables 
(such as peer smoking) are entered into 
predictive models. However, such a pattern 
is consistent with the mediation of parental 
smoking effects by peer smoking and does 
not by itself argue that the relation between 
parental smoking and adolescent smoking is 
an artifact or unimportant. 

The literature on twin and adoption studies 
of adolescent substance use (including 
tobacco use) has been reviewed by Hopfer 
and colleagues,49 who reported that both 
genetic and environmental infl uences 
were important. Heritability of tobacco 
use in their review ranged across studies 
from 36% to 60% and was stronger for 
tobacco than for alcohol or marijuana use. 
For example, McGue and colleagues,50 using 
the Minnesota Twin Family Study (MTFS) 
sample, reported that approximately 50% of 

the variance in smoking initiation (studied 
in late adolescence) was attributable to 
genetic influences, with no signifi cant 
effects of shared environment. Han and 
colleagues51 studied lifetime tobacco use in 
the MTFS and found stronger evidence of 
shared environment and a pattern that was 
suggestive of (but not significant for) gender 
differences. Finally, Rhee and colleagues52 

found (both for lifetime tobacco use and 
for “problem use,” as defined by presence 
of a dependence symptom) that female 
adolescents showed greater heritability and 
weaker shared environment effects than 
did male adolescents. They reported that 
this gender difference was inconsistent 
with the adult literature.52 A later analysis 
of retrospective life calendar data in a 
sample of male twin pairs53 suggests that 
nicotine use in adolescence shows strong 
family environment effects that decline 
in importance through young adulthood 
whereas genetic effects were weak in 
adolescence and increased with age. 

As noted elsewhere in this monograph 
(chapters 2 and 6), heritability estimates for 
adolescent smoking vary depending on which 
adolescent smoking phenotypes are selected 
for study. Koopmans and colleagues54 

found stronger heritabilities for amount 
of smoking than for initiation. This is 
consistent with conclusions of other reviews 
(see chapter 2 and Rende and Waldman55) 
that environmental influences are more 
important in determining adolescents’ 
initial tobacco exposure, whereas genetic 
influences are more important for 
determining reactions to that exposure. This 
pattern likely reflects the heterogeneity of 
adolescent smoking initiation. For example, 
some adolescent initiation of smoking 
will not progress past low levels of 
experimentation.56 This developmentally 
limited experimentation may be only weakly 
related to genetic infl uence. 

This supports the use of a developmental 
trajectory approach to identifying 
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phenotypes in which developmentally 
limited experimentation needs to be 
distinguished from other forms of 
adolescent smoking that may start earlier, 
escalate steeply over time, and persist over 
long periods. However, exceptions to these 
findings should also be noted. For example, 
McGue and colleagues50 found similar 
results when studying smoking initiation 
and nicotine dependence in late adolescence. 
Maes and colleagues,57 when studying an 
adult sample, found high heritabilities and 
an overlapping contribution of genetic 
factors for tobacco initiation, persistence, 
and nicotine dependence. 

The adolescent literature (compared with 
the adult literature) also shows more shared 
environment effects on tobacco use.51 White 
and colleagues,58 in a longitudinal study 
using the Australian Twin Registry, found 
that common environmental infl uences 
were the most important factors infl uencing 
adolescent smoking, although for older 
adolescents and young adults, genetic 
factors were also important. Rende and 
colleagues59 used National Longitudinal 
Study of Adolescent Health (Add Health) 
data to model current smoking, by using 
twins, full siblings, and half siblings, and 
found both significant heritability and 
significant shared environment effects. 
It is noteworthy that the authors found 
significant shared environment effects on 
high levels of smoking frequency, a more 
“severe” phenotype than smoking initiation. 

Shared environment effects may refl ect 
multiple influences including (but not 
limited to) general parenting behaviors, 
such as monitoring, support, and control, 
and parental socialization about smoking 
such as home smoking restrictions 
and smoke-free homes.60 There have 
been some attempts to explain shared 
environment effects as due to the effects 
of parental smoking (which might refl ect 
modeling mechanisms, greater access to 
cigarettes, greater exposure to secondhand 

smoke, greater exposure to tobacco 
promotional advertising, and/or more 
permissive attitudes of parents toward 
their adolescents’ smoking). However, 
these findings are confl icting. Boomsma 
and colleagues61 found that the association 
between parental smoking and adolescent 
smoking was due to genetic factors. They 
suggested that common environmental 
influences might reflect parenting behaviors 
and family environment, rather than 
parental smoking. For example, common 
environment effects might include parents’ 
home smoking restrictions. However, White 
and colleagues58 found that controlling for 
parental smoking reduced the common 
environmental effect. Differences between 
the findings of these two studies may be 
methodological. White and colleagues58 

used adolescent reports of parental smoking, 
whereas Boomsma and colleagues61 used 
parent reports. Interestingly, White and 
colleagues58 also found that peer smoking 
reduced the genetic effect. They suggested 
that genetic influences in adolescent 
smoking may act indirectly by infl uencing 
adolescents’ choice of friends (although 
these findings weakened by late adolescence 
and young adulthood). These attempts to 
examine the relation of peer and parental 
smoking to the genetic and shared 
environment influences on adolescent 
smoking illustrate the importance of 
the gene-environment covariation in 
understanding the smoking acquisition 
process. That is, parental genotype and 
parental smoking likely covary with a 
wide variety of social environment factors 
including general parenting; parents’ 
attitudes, values, and rules about their 
adolescents’ smoking; adolescents’ exposure 
to secondhand smoke (or conversely to 
smoke-free homes); and even adolescents’ 
exposure to tobacco industry promotional 
items and advertising. 

In addition to gene-environment 
covariation, there are likely to be important 
influences of gene-environment interactions 
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on adolescent smoking, although few 
studies have examined such interactions. 
Timberlake and colleagues62 examined the 
moderating effect of religiosity on smoking 
among late adolescents/emerging adults 
(aged 18–27 years) from Add Health. They 
found that self-rated religiousness weakened 
the magnitude of genetic infl uence on 
smoking initiation (defined as having 
smoked an entire cigarette). Similar 
findings have been reported for alcohol-use 
initiation.54 Surprisingly, however, organized 
religious activity had no moderating effect. 
Timberlake and colleagues62 hypothesized 
that organized religious activity may 
reflect parental pressure, whereas self-
rated religiousness might constitute a 
more genuine reflection of the adolescent’s 
religious commitment. In any case, these 
results serve to highlight the potential 
importance of larger cultural and social 
environmental factors in moderating the 
magnitude of genetic effects. Given the 
lack of studies that test gene-environment 
interaction in adolescent smoking, this is an 
important area for future investigation. 

Finally, several studies have investigated the 
genetic underpinnings of the association 
among different forms of adolescent 
substance use. Young and colleagues63 

studied a large sample of adolescents aged 
12–18 years and defined the “problem” 
use of a substance by the presence of at 
least one symptom. They found that the 
correlation among substance-use behaviors 
was driven by both common genetic and 
common environment factors (as well as 
special twin environment factors) but that 
the more “severe” phenotypes (i.e., problem 
substance use as opposed to substance 
use) showed stronger genetic correlations. 
Similarly, McGue and colleagues64 found a 
highly heritable factor that accounted for 
the association among multiple forms of 
disinhibitory psychopathology (including 
substance use) among 17-year-old twins 
from the MTFS. Interestingly, earlier 
problem behavior (retrospectively assessed) 

was only weakly heritable, but the link 
between early problem behavior and 
later disinhibitory psychopathology was 
genetically mediated. From the perspective 
of developmental trajectories of smoking, 
these findings suggest that a trajectory 
of stable, persistent smoking over time 
might show more genetic infl uence than 
adolescent smoking does at any one given 
point in time. 

Although the literature is quite small, there 
have also been a few molecular genetic 
studies of adolescent smoking, several 
of which have focused on the dopamine 
system. Audrain-McGovern and colleagues65 

followed 615 adolescents from 9th to 11th 
grade. They found no effects of SLC6A3 
(dopamine transporter genetic variants) 
but found that DRD2 genetic variants were 
related to smoking progression. Specifi cally, 
adolescents with previous smoking 
experience were more likely to increase their 
smoking as a function of increased DRD2*A1 
alleles, and this effect was stronger for 
adolescents with depressive symptoms. 
However, there were no effects for 
adolescent never smokers, suggesting that 
different stages of smoking progression may 
have different determinants. The authors 
suggest that DRD2 genetic variants may 
index greater reward value from smoking 
and that depressed adolescents (who lack 
other sources of positive experiences) 
may be particularly susceptible to such 
increased reward value. 

However, as noted in chapter 2, DRD2 has 
been associated with numerous addictive 
and affective disorders, so these effects 
are not specific to tobacco. Findings from 
an Australian longitudinal adolescent 
study66,67 reported a protective effect for 
the *K4 allele of the TH gene, which is 
involved in dopamine synthesis. The authors 
hypothesize that this protective effect may 
work by increasing endogenous dopamine 
levels or by reducing the perceived reward 
of nicotine. However, their findings of a 
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protective effect were limited to a strict 
definition of nicotine dependence, which 
included high frequency (more than six 
days per week), high quantity (more than 
10 cigarettes per day), shorter periods 
of abstention (smoking within one hour 
of waking), and stability (present at two 
waves of longitudinal measurement). These 
findings illustrate the potential importance 
of carefully defined phenotypes of smoking. 

Laucht and colleagues68 also studied the 
dopamine pathway and focused on the 
DRD4 exon III polymorphism associated 
with novelty seeking. They studied a sample 
of 15-year-olds from the Mannheim Study 
of Risk Children, which followed infants 
who were oversampled for obstetrical and 
psychosocial risk. They found that the 
DRD4*7-repeat allele was associated with 
greater smoking among males (including 
lifetime smoking, amount smoked, and 
earlier onset), but not among females. 
Moreover, novelty seeking mediated this 
relation, suggesting that novelty seeking 
is a potential endophenotype, at least 
among adolescent males. For females, 
however, there was an interaction between 
the DRD4*7-repeat allele and the long 
allele of 5-HTTLPR. Females who lacked 
the DRD4*7-repeat allele and who were 
homozygous for the long allele of 5-HTTLPR 
smoked the most.69 This demonstrates 
both the potential importance of gene-
gene interaction and of gender differences 
in the mechanisms underlying adolescent 
smoking. However, given the possibility 
of chance findings with multiple tests, 
these interactions require confi rmation in 
multiple studies. 

The short-short genotype of 5-HTTLPR has 
also been associated with increased smoking 
among adolescents. Gerra and colleagues70 

found this genotype to be associated with 
smoking and with early onset (before 
15 years of age), heavy smoking (more 
than 10 cigarettes per day), as well as 
with novelty seeking, irritability, and 

underachievement. Finally, several studies 
focused on CYP2A6, which inactivates 
nicotine to cotinine. Studying adolescents 
from the longitudinal McGill University 
Study on the National History of Nicotine 
Dependence, O’Loughlin and colleagues71 

defined nicotine dependence as more than 
three ICD symptoms. They found that those 
smokers who became dependent were more 
likely to have 1 or 2 copies of the inactive 
CYP2A6*2 or *4 variant. In contrast, 
Audrain-McGovern and colleagues72 found 
that slower metabolizers (those with 
CYP2A6 variants) had a signifi cantly slower 
growth in tobacco dependence symptoms 
from grades 9 to 12. Differences in study 
findings may be due to many methodological 
differences between the studies including 
differing ages of measurement and 
definitions of dependence (categorical ICD 
diagnoses in O’Loughlin and colleagues71 

and changes over time in Fagerström-type 
symptomatology in Audrain-McGovern 
and colleagues72). A meta-analysis of 
adult studies73 failed to find any relation 
between the CYP2A6 genotype and 
smoking status or amount smoked, but the 
authors also noted limitations in these 
conclusions due to the generality and 
heterogeneity of these smoking phenotypes. 
In addition, association studies have high 
false-positive rates. 

In general, findings from genetic studies of 
adolescent smoking echo the conclusions of 
Lessov and colleagues74 from the adult data: 
although heritable factors are important, 
there are also important common 
environmental infl uences (particularly 
on smoking initiation) as well as complex 
interactions both among multiple genes 
and between genetic and environmental 
factors. Moreover, inconsistent fi ndings 
across studies reflect multiple factors, 
including variation in study designs and 
ascertainment, and high rates of false 
positives, but also wide variation in smoking 
phenotypes that are studied. Finally, low 
participation rates in molecular genetic 
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studies can jeopardize both the internal 
and external validity of the conclusions 
(e.g., several studies66,71 had participation 
rates of 55% or less). 

Developmental Trajectories 

Age of Smoking Onset 

To this point, age of onset has been discussed 
mostly as it relates to age-dependent 
nicotine effects in animal studies along with 
associated alterations in neural systems that, 
in turn, make it more likely that tobacco use 
will escalate and persist over time. These 
studies assign a causal role to adolescent 
exposure in producing steep acceleration 
in tobacco use. In other words, adolescence 
is thought to be a biological period of 
vulnerability during which exposure to 
tobacco increases risk for accelerating 
smoking by changing neural pathways. 

However, age-dependent nicotine effects 
and associated changes in neural systems 
may not be the only reason that an early 
age of smoking onset is associated with 
acceleration and persistence. Rather, 
adolescents who begin tobacco use at 
particularly early ages may have unique 
characteristics, and their smoking may be 
maintained by different factors compared 
to those with late (after age 18) onset.13,56 

Perhaps early- and late-onset smoking 
represent two distinct subgroups (or what 
are called transitional phenotypes in 
chapter 3). For defi ning endophenotypes 
and phenotypes for the genetic study of 
tobacco dependence, this is an alternative 
model of adolescent exposure in which both 
early use and rapid acceleration are caused 
by a common underlying vulnerability 
(potentially one or more endophenotypes). 

A similar hypothesis concerning age of onset 
has been advanced in the developmental 
psychopathology literature concerning 
antisocial behavior75 in which childhood-
onset, life-course-persistent delinquency 

is thought to be more strongly associated 
with inadequate parenting, neurocognitive 
problems, and violence. On the other 
hand, adolescent-onset delinquency is not 
characterized by these features; it is seen 
as more normative and more strongly 
linked to peer infl uence. Differences 
between childhood-onset, life-course­
persistent delinquency and adolescent-
onset delinquency are maintained into 
adulthood.76 Moffi tt’s75 developmental 
taxonomy of antisocial behavior 
illustrates the potential importance of 
developmental trajectories in understanding 
the heterogeneity that underlies adult 
phenotypes and when trying to create more 
homogeneous subgroups. Alternatively, 
differing ages of onset may simply refl ect a 
continuum of severity with those having the 
highest levels of risk factors showing earliest 
entry,43 or they may reflect differences in 
environmental opportunity and access to 
cigarettes. Thus, age of smoking onset is 
likely to have multiple determinants. 

In terms of smoking trajectories, early 
smoking onset has been associated with 
steeper acceleration in smoking rate, greater 
persistence over time, and greater likelihood 
of developing dependence.56,77,78 Note that 
this association does not mean that all early 
onset inevitably produces heavy smoking 
and dependence. As described later, some 
subgroups of early-onset smokers show 
experimental or developmentally limited 
patterns that do not persist over time.56,79 

Nevertheless, age of onset is related to 
greater risk for persistence and heavy use. 
Moreover, early-onset smoking has been 
reported to be more strongly related to 
parental smoking, whereas later onset 
(but still under 15 years of age) was related 
to peer (but not parental) smoking.80 

Similarly, a subgroup of smokers with early 
onset, steep acceleration, and persistence 
of heavy smoking over time also had the 
highest levels of smoking among biological 
parents.56 These findings are consistent 
with reports that age of smoking onset 
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is heritable.81,82 Moreover, Broms and 
colleagues81 found that the same genetic 
influences on age of smoking onset did 
not account for the amount of smoking 
or smoking cessation, suggesting that 
age of onset may have distinct genetic 
underpinnings. Ling and colleagues83 

reported that a polymorphism of the 
dopamine transporter gene was associated 
with early onset of smoking and that it also 
magnified the relation between early onset 
and dependence. 

Age of smoking onset has also been related 
to child psychopathology (see review by 
Upadhyaya and colleagues84). For example, 
ADHD has been associated with earlier 
initiation of regular smoking,85,86 even after 
controlling for comorbidity.87 A combination 
of conduct disorder and ADHD may be 
particularly predictive.88 In contrast, 
anxiety disorders have been associated 
with delayed smoking onset,89 although 
different forms of anxiety disorder may have 
different impacts. At least for alcohol use,90 

generalized anxiety disorder symptoms were 
associated with greater risk for initiation, 
whereas separation anxiety symptoms were 
associated with decreased risk. 

Although some data suggest that early 
onset of smoking may constitute a unique 
phenotype in terms of showing different 
predictors than does late-onset smoking,56,80 

such a conclusion is still premature. First, 
few studies have contrasted early- and 
late-onset smoking, and much of the 
data concerning age of onset comes from 
retrospective studies, which might suffer 
from forward telescoping bias. For example, 
Johnson and Schultz,91 using national 
interview data, found that older age at 
interview (within a given birth year) was less 
likely to produce a report of early smoking 
onset (see also Parra and colleagues92). 
Second, there is no specific age of onset 
that has been identified as “early,” and this 
definition is likely to change within a social, 
cultural, and historical context. Third, it is 

unclear whether early-onset smoking is a 
unique phenotype distinct from other forms 
of early-onset substance use. For example, 
Yoon and colleagues93 found that multiple 
forms of early substance use (including but 
not limited to smoking before 15 years of 
age) were linked to reduced P300 amplitude, 
which itself was highly heritable. They 
suggest that a failure in top-down control 
of behavior (as manifested by reduced P300 
amplitude) may be one endophenotype 
that accounts for genetic infl uences on 
adolescent substance use more broadly 
(particularly for males). Thus, an early onset 
of smoking may also be associated with early 
onset of alcohol and other drug use, and 
these may be markers for an endophenotype 
associated with the “externalizing” spectrum 
broadly defined, not necessarily associated 
uniquely with tobacco use. 

Rate of Acceleration from Initiation 
to Regular Smoking or Dependence 

Another feature of developmental 
trajectories that might define a smoking 
phenotype is the speed at which an 
adolescent transitions from initial onset 
to regular smoking or dependence, or 
in other words, the slope of the growth 
curve of tobacco use.94 Rate of acceleration 
itself may be a phenotype that refl ects 
vulnerability to dependence on the basis of 
reactions to initial tobacco exposure as an 
endophenotype.95 Retrospective data suggest 
that smoking is generally reported by study 
participants as an aversive experience 
initially; however, there is variability in 
how participants rate the experience. 
Participants who reported their initial 
experiences as relatively more positive 
(e.g., who report relaxation or a “buzz”) 
and relatively less aversive were more likely 
to become smokers.96–98 Thus, sensitivity 
to the pleasurable effects of nicotine 
and/or insensitivity to the negative effects 
are potential endophenotypes that might 
determine the speed of smoking acquisition 
(see chapter 8 for a detailed review of this 
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literature). However, the extant data are 
largely confined to retrospective self-reports 
of unknown dose amounts. More research 
is needed to determine whether individual 
differences in sensitivity to smoking’s 
effects predict the degree of acceleration of 
smoking acquisition. 

Importantly, a subsequent study 
empirically identified heterogeneity in 
trajectories of dependence symptoms 
over 36 months among novice smokers 
from a multiethnic sample of 6th–10th 
graders,99 Using latent growth mixture 
modeling, the authors found that 47% 
of the sample developed no dependence 
symptoms. In contrast, 21% developed 
symptoms rapidly (within the fi rst year), 
averaged more than two symptoms, and 
showed persistent symptoms, whereas 18% 
developed symptoms rapidly but averaged 
somewhat fewer symptoms and did not 
persist. Finally, 14% developed symptoms 
more slowly. Among those who developed 
symptoms rapidly, those who persisted 
showed significantly more parental tobacco 
dependence than did those who remitted. 
Moreover, compared to those whose 
symptoms developed more slowly, those 
who rapidly developed persisting symptoms 
showed more pleasant initial sensitivity and 
more conduct disorder symptoms. These 
data suggest that rapid acceleration and 
persistence of dependence symptoms may 
be informative phenotypes. 

Empirically Identifi ed 
Trajectories of 
Adolescent Smoking 
Although adolescence is the typical age 
of smoking onset, there is substantial 
variability in age of onset, in steepness 
of acceleration, and in persistence over 
time. As noted above, this heterogeneity 
may reflect different phenotypes of 
smoking, which may be infl uenced by 

different underlying mechanisms and 
endophenotypes. Researchers have begun 
to empirically examine heterogeneity in the 
course of smoking over time in longitudinal 
studies. Studies are reviewed here that 
have examined tobacco use from early 
adolescence through either adolescence 
or adulthood (see table 5.1 for a summary 
of these studies). Only studies of tobacco 
use are in this review; studies of the joint 
trajectories of tobacco and alcohol or other 
drug use are reviewed in chapter 7. 

For the youngest adolescent ages, Abroms 
and colleagues100 examined trajectories of 
smoking from 6th to 9th grade by using 
growth mixture modeling with “stages” 
of smoking (ranging from no intention 
to smoke to smoking more than three 
cigarettes per month) as the outcome 
variable. Results showed fi ve trajectory 
classes: never smokers, intenders, delayed 
escalators (who averaged monthly smoking 
by 9th grade), early experimenters, and early 
users (who averaged smoking three or more 
times per month by the end of 7th grade). 
Early users were an early-onset, sharply 
accelerating (albeit small) subgroup who 
surprisingly were distinguished from never 
smokers by decreased depression (unlike 
the other groups). 

In another study, Vitaro and colleagues80 

distinguished among groups who started at 
11, 12, and 13 years of age, and found that 
early onset was associated with antisocial 
behavior. Colder and colleagues101 followed 
a similar age group (aged 12–16 years) 
by using growth mixture modeling. Similar 
to Abroms and colleagues,100 they also 
identified an early-onset group (with onset 
between 12 and 13 years of age) that rapidly 
escalated to heavy smoking. A later-onset 
(after 14 years of age) group escalated 
less quickly and reached lower levels of 
smoking by 16 years of age. The remaining 
three groups were light smokers. Audrain-
McGovern and colleagues65 identifi ed a 
never-smoker group, an experimenter 
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Table 5.1 Studies of Smoking Trajectories


Authors/
Year Age Gender Ethnicity Definition of smoking 

Statistical 
analysis Trajectory groups Endophenotype findings Comments 

Chassin et al. 
200056 

11–31 
years 

51% 
male 

96% Non­
Hispanic
Caucasian 

0 = not currently smoking

1 = up to monthly smoking

2 = up to weekly smoking

3 = weekly or more
smoking, but only 10 or
fewer cigarettes a day

4 = weekly or more
smoking of 11–20
cigarettes per day

5 = weekly or more
smoking of 20 or more
cigarettes a day 

Abstainer and
erratic groups
were defined a
priori

Latent class
growth analysis
mixture
modeling 

Abstainers (60%)

Erratics (.02%)

Early stables (12%)

Late stables (16%)

Quitters (5%)

Experimenters (6%) 

Abstainers reported lower
levels of depression and
lower levels of personality
risk (including extraversion
and conscientiousness).

Early, stable group reported
higher levels of depression
than other groups. 

Colder et al. 
2001101 

12–16 
years 

52% 
female 

79% Caucasian

18% African
American

3% Asian
Pacific/Asian
Indian

0.3% Other 

1 = used to smoke, but
now I don’t

2 = I’ve only tried a few
puffs

3 = a few cigarettes per
month or less

4  =  less than a pack per 
week

5 = about a pack per week

6 = about one-half pack 
per day

7 = 1 pack per day or more 

Piecewise latent
growth mixture
modeling 

Early, rapid escalators

Late, moderate
escalators

Late, slow escalators

Stable, light
escalators

Stable puffers 

None reported.	 Percentages of
sample in each
trajectory group
not reported. 
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Authors/
Year Age Gender Ethnicity Definition of smoking 

Statistical 
analysis Trajectory groups Endophenotype findings Comments 

Juon et al. 
2002102 

6–32 
years 

52.2% 
female 

99% African 
American 

Frequency and quantity of 
smoking 

Multiple logistic 
regression 

Nonsmokers (37%)

Former smokers 
(12.9%)

Current smokers/late 
adopters (25.6%)

Current smokers/early 
adopters (24.1%) 

Current smokers/early
adopters were more
likely to display antisocial
behaviors in 1st grade and
young adulthood than did
nonsmokers and the other
two smoker groups.

Current smokers/early
adopters were more likely
to report both depression
and drug problems than did
nonsmokers. 

Soldz and Cui 
2002103 

6th–12th 
grade 

55% 
female 

79%–87% 
Caucasian

7%–9% 
African 
American

6%–9% 
Hispanic 

0 = no cigarette use during 
the past month

1 = moderate use 
(≤40 cigarettes) during 
the past month

2 = heavy use
(≥40 cigarettes) during
past month 

Generalized 
estimating 
equations
approach

Nonsmokers 
(72.2%–93.5%)

Light smokers
(5.3%–8.9%)

Heavy smokers
(1.2%–20%)

Class truancy was related
to smoking across grades.

White et al. 
2002104 

12–31 
years 

50% 
female 

92% Caucasian Frequency of smoking in 
the past year and typical 
quantity per day 

Latent growth 
mixture modeling 

Multinomial 
logistic regression 
analyses 

Nonsmokers (39.6%)

Occasional smokers
(19%)

Heavy smokers 
(1.2%–20%%) 

Higher sensation seeking
was linked with increased
probability of belonging to
a smoking trajectory group
as well as heavier smoking
over time.

Delinquency and
depression were not found
to predict smoking group
membership. 
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Table 5.1 Studies of Smoking Trajectories (continued)

Authors/
Year Age Gender Ethnicity Definition of smoking 

Statistical 
analysis Trajectory groups Endophenotype findings Comments 
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Audrain-
McGovern 
et al. 2004105 

14–18 
years 

52% 
female 

63% Caucasian

12% Hispanic

11% Asian 

8% African 
American

6% other 

0 = never smoker

1 = puffer (never having
smoked a whole 
cigarette)

2 = experimenter (<100 
cigarettes ever)

3 = current smoker 
(smoked <20 days in 
last 30 days and >100
in lifetime)

4 = frequent (smoked ≥20
days in last 30 days
and >100 in lifetime) 

Latent class 
growth modeling 

Early/fast adopters 
(8%)

Late/slow adopters
(24%)

Experimenters
(23%)

Never smokers
(45%) 

Adolescents higher in
novelty seeking and
depressive symptoms were
more likely to be early/
fast adopters and late/
slow adopters than never
smokers or experimenters.
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Authors/
Year Age Gender Ethnicity Definition of smoking 

Statistical 
analysis Trajectory groups Endophenotype findings Comments 

Orlando et al. 
2004106 

13–23 
years 

52% 
male 

67% Caucasian

10% African 
American

11% Hispanic

8% Asian	

4% Other 

0  =  nonsmoker in past year

1 = <3 times in past year 	
and <3 times in past 
month

2 = 3–10 times in past
year and <3 times in
past month

3 = 11± times in past year 
and <3 times in past 
month OR 3–5 times in 
past month

4 = 6± days in past month 
and <3 cigarettes per 
day

5 = 6± days in past month 
and about one-half
pack per day

6 = 6± days in past month
and about one-half
pack per day

7 = 6± days in past month
and 1 pack or more
per day 

Latent growth 
mixture 
modeling	

Multinomial
logistic
regression 
analyses 

Nonsmokers (28%)

Stable highs (6%)

Early increasers (10%)

Late increasers (10%)

Decreasers (6%)

Triers (40%)	 

At 13 and 15 years of
age, nonsmokers reported
fewer deviant behaviors
and internalizing symptoms
than did other smoking
groups. 

At age 23, late increasers
were more likely than
triers and nonsmokers to
have engaged in deviant
behavior in the past year.

Also, at 23 years of age,
nonsmokers reported fewer
internalizing symptoms
than early increasers and
late increasers.
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Table 5.1 Studies of Smoking Trajectories (continued)

Authors/
Year Age Gender Ethnicity Definition of smoking 

Statistical 
analysis Trajectory groups Endophenotype findings Comments 

Stanton et al. 
2004107 

9–18 
years 

Not 
reported 

96% Caucasian

4% Maori/ 
Polynesian 

Count of number of 
cigarettes smoked in 
past month 

Latent growth 
mixture 
modeling 

Multinomial 
logistic 
regression 
analyses 

Early, rapid escalators 
(11.4%)

Late, rapid escalators 
(38.8%)


Late, moderate
escalators (14.3%)

Late, slow escalators 
(11.4%)

Stable puffers (12.7%)

Late, slow escalators-
puffers (11.4%) 

Attention deficit disorder 
predicted early, rapid 
escalators, as well as late, 
slow escalators-puffers.

Conduct disorder was an

early predictor of smoking.

Depression and behavior
problems were a predictor
of midadolescent smoking.

Sample 
comprised only
New Zealanders.

Vitaro et al. 
200480 

10–15 
years 

50.7% 
female 

>90% 
Caucasian 
and French 
speaking 

Number of cigarettes 
smoked during the week 
and during the day before 
data collection 

Latent growth 
mixture 
modeling

Logistic 
regression 
analyses 

Never smokers 
(75.4%)

11–12-year-old
starters (5.7%)

12–13-year-old 
starters (11.1%)

13–14-year-old
starters (7.9%) 

Membership in the 11–12-
year-old starter group was 
associated with increased 
antisocial behaviors. 

Antisocial 
behavior was
analyzed as part
of a composite
general
maladjustment
score. 

White et al. 
2004108 

10–25 
years 

100% 
male 

42% Caucasian 
(C)

56% African 
American (AA)

2% Other/
Mixed 

At screening, if ever tried 
tobacco, even a puff, and 
if so, what age (age of 
onset)

At subsequent 
assessments, lifetime 
use, past year use, and 
number of cigarettes 
smoked per day 

Latent class 
growth modeling 

Hierarchical
logistic 
regression 

Nonsmokers:
C: 44.3%
AA: 55.9%

Occasional smokers:
C: 23.7%
AA: 27.3%

Heavy smokers:
C: 32%
AA: 16.7% 

None reported. Separate 
trajectories 
were examined
for Caucasians
and African
Americans.
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Table 5.1 Studies of Smoking Trajectories (continued)
 

Authors/
Year 

Statistical 
analysis Age Gender Ethnicity Definition of smoking Trajectory groups Endophenotype findings Comments 

Abroms et al. 
2005100 

6th–9th 
grade 

Not 
reported	 

Not reported	 0 = did not smoke in
past 30 days or past
12 months and had no
intention of smoking
in high school

1 = did not smoke in past
30 days or 12 months
but intended to smoke
at least 1 or 2 times in
high school

2 = smoked in the past
12 months but not in
past 30 days

3 = smoked 1 to 2 times
in the past 30 days

4 = smoked 3 or more
times in the past
30 days 

Latent growth
mixture
modeling

Logistic
regression to
examine risk
factors 

Never smokers

(41.2%)


Intenders (33.5%)


Delayed escalators

(8.9%)


Early experimenters

(13.9%)


Early users (2.5%)
 

Higher levels of deviance 
acceptance were 
associated with being
an intender, an early
experimenter, and an early
user compared to a never
smoker.

Higher levels of depression
decreased the likelihood of
being an early user rather
than a never smoker. 

Ages not 
reported. 

Karp et al. 
2005109 

12–17 
years 

64.8% 
female 

100% 	
Canadian	 

For 3-month intervals,
number of days smoked
each month and average
number of cigarettes
smoked per day each
month 

Individual
growth curve
modeling

Latent class
growth modeling 

Low initial use,
gradual increase
(72.4%)

Low initial use, rapid
increase (11.1%)

Low initial use, then
increase in use, then
decrease in use
(10.8%)

High-intensity initial
use, then decrease in
use (5.7%) 

Depression, novelty 
seeking, and impulsivity did 
not seem to predict class 
membership. 

All participants
were novice 
smokers on 
entering the
study. 
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Table 5.1 Studies of Smoking Trajectories (continued)

Authors/
Year 

Statistical 
analysis Age Gender Ethnicity Definition of smoking Trajectory groups Endophenotype findings Comments 

Brook et al. 
2006110 

14–26 
years 

51% 
female 

51% African 
American (AA)

49% Puerto 
Rican (PR) 

1 = none

2 = a few cigarettes or
less per week

3 = 1–5 cigarettes per day

4 = about one-half pack 
per day

5 = about 1 pack per day

6 = more than 1 pack per 
day 

Latent growth 
mixture 
modeling 

Nonsmokers:
AA: 56%
PR: 36.5%

Maturing out:
AA: 6.9%
PR: 12.9%

Late starting:
AA: 19.2%
PR: 18.4%

Early starting:
AA: 20.3%
PR: 25% 

None reported.

Riggs et al. 
200778 

12–24 
years 

44% 
female 

84% Non-
Hispanic 
Caucasian 

Amount smoked per week Latent class 
growth analysis 

Abstainers (47%)

Low users (24%)

Late, heavy users
(16%)

Early, heavy users
(12%) 

None reported. Late is defined
as after 15 years
of age. 

Maggi et al. 
2007111

Maggi 2008112 

10–21 
years 

49.3% 
female 

Separate models for 
probability of trying a 
cigarette and smoking 
frequency 

Latent class 
growth analysis 

Stable nonsmokers 
(48.4%)

Late experimenters-
nonsmokers (17.2%

Experimenters-daily 
smokers (5.8%)

Late experimenters-
daily smokers (4.1%)

Early experimenters-
occasional smokers
(10.5%)

Late experimenters
(13.9%) 

None reported. Late is defined as
after ages 14–15
years.

Sample from
Canadian
National
Longitudinal
Survey of
Children and
Youth. 
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Table 5.1 Studies of Smoking Trajectories (continued)
 

Authors/
Year Age Gender Ethnicity Definition of smoking 

Statistical 
analysis Trajectory groups Endophenotype findings Comments 

Bernat et al. 
200879 

12–19 
years 

49% 
female 

85% Non-
Hispanic 
Caucasian 

Frequency of smoking 
(from never user to 
smoked most days) 

Latent class 
growth analysis 

Nonsmokers (55%)

Triers (17%)

Occasional users 
(10%)

Early, established
smokers (7%)

Late, established
smokers (7%)

Decliners (4%) 

None reported. Community 
sampling using
random digit
dialing; 58.5%
response rate.

Lessov-
Schlagger et 
al. 2008113 

13–24 
years 

49% 
female 

92% Non-
Hispanic 
Caucasian

2% Hispanic

3% Black

2% Native 
American 

Quantity smoked in the 
past week 

Latent class 
growth analysis 

Experimenters (48.5%)

Late increasers
(16.3%)

Early increasers 
(15.5%)

Quitters (9.2%)

Persistent (10.5%) 

None reported. Nonadopters
excluded.

Late is defined
as after 18 years
of age.
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group, a late/slow adopter group, and 
a small (8%) early/fast adopter group. 
The two adopter groups showed elevated 
novelty seeking. 

Wills and colleagues114 followed students 
from 6th to 10th grade. Using cluster 
analysis, they distinguished stable 
nonsmokers and experimenters from 
three smoking groups that varied by age 
of onset: early (by 6th grade), intermediate 
(by 9th grade), and late (by 10th grade). 
Looking at psychosocial risk factors, their 
results suggested a continuum of risk in 
which early, intermediate, and late onset 
were ordered from highest to lowest risk. 
Moreover, they noted that scores on the risk 
factors changed over time, leading to an 
increased risk just before smoking onset. 

Thus, rather than unique phenotypes, 
these findings are most consistent with a 
continuum model of time-varying risk with 
smoking onset resulting from an increase in 
psychosocial and/or genetic risk. However, 
because of the short developmental span 
of assessment, all of the onset groups that 
were identified in this study might still be 
considered “early” in developmental terms. 

Finally, Karp and colleagues109 focused 
on only a subsample of participants who 
had already begun to smoke and followed 
them from an average age of 13 to 17 years. 
Because all participants were smokers, 
no differentiation of age of onset can be 
made in this study. Over this short time 
span, most of the participants (72%) 
remained at low levels of smoking. However, 
the other 28% escalated their smoking, 
divided among rapid, low, and moderate 
groups, with the rapidly accelerating group 
representing 6% of the sample. Escalating 
youth were more likely to show symptoms 
of nicotine dependence, but other predictors 
did not differentiate among the groups 
(perhaps because all of these participants 
were already smokers and most remained at 
low levels of smoking during the study). 

Several studies traced trajectories to slightly 
older ages of 18–21 years. Stanton and 
colleagues107 modeled monthly smoking in 
the Dunedin study and found six trajectory 
classes. Again, there was an early, rapidly 
escalating group, but also a later (after 
13 years of age), escalating group, and both 
ended at 18 years of age with high levels of 
smoking. Note that the definition of “late” 
escalation was still “early” in adolescence 
(13 years of age), which might account 
for both these groups’ steep acceleration 
and high final smoking rates. Early, rapid 
escalators had higher conduct problems 
at 13 years of age than did all of the other 
groups and higher depression at 15 years 
of age than all but the late, moderate 
escalators. Early, rapid escalators also had 
higher attention deficit scores than the late, 
moderate escalators (but did not differ from 
the other groups). 

Soldz and Cui103 followed a large sample 
of students through 12th grade. Using 
cluster analysis, they identifi ed nonsmokers, 
quitters, experimenters, early escalators, 
late escalators, and stable smokers. These 
findings are noteworthy for identifying a 
small quitting group that was absent in the 
other studies. Psychosocial protective factors 
(e.g., church attendance, time with fathers) 
were highest in nonsmokers, compared 
with continuous smokers, who showed 
an elevated risk profile. A similarly small 
group of decliners (4% of the sample) 
was identified by Bernat and colleagues79 

in a study of adolescents (aged 12–19 years). 
These “decliners” are intriguing because 
(unlike experimenter groups that are often 
identified) they show high levels of smoking 
frequency. Moreover, unlike the quitters in 
the Soldz and Cui study, the decliners showed 
elevated baseline risk profi les (compared 
to nonsmokers). However, the fi ndings 
warrant replication because no measure of 
smoking quantity was considered and, unlike 
other studies, there was no “early stable” 
smoking group, so that very early onset was 
not present. Given the participation rate 
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(58.5%), perhaps the highest risk adolescents 
were absent from the sample. Finally, Maggi 
and colleagues111 and Maggi112 assessed 
trajectories for participants in the Canadian 
National Longitudinal Survey of Children and 
Youth. They found that a group of occasional 
smokers were not distinguishable from daily 
smokers until the age of 21 years. 

Although there have been few studies, most 
researchers agree on the existence of a 
group with early onset, steep acceleration 
(or stably high levels of smoking from an 
early age), and high final levels of smoking. 
This group was also elevated, in general, 
in profiles of psychosocial risk. There 
was also substantial agreement about the 
existence of light-smoking groups, often 
associated with later onset. However, it is 
difficult to draw conclusions about a life 
course trajectory of smoking from studies 
that track the behavior only through high 
school. Age-related patterns of substance use 
more broadly (i.e., alcohol and illegal drugs) 
typically show adolescent initiation, peaks in 
emerging adulthood (ages 18–25 years), and 
later declines. In other words, some forms of 
substance use are developmentally limited 
and some persist.115 Thus, to adequately 
map heterogeneity in smoking trajectories 
requires studies that span the early years 
of onset to adulthood to differentiate both 
early versus late onset and developmentally 
limited versus persistent use. 

Very few studies have tracked smoking 
over such long age periods. White and 
colleagues104 studied adolescents who 
were recruited through random telephone 
sampling and examined a quantity-frequency 
measure of cigarette use. They found three 
groups: a heavy smoking group that showed 
steep acceleration and heavy smoking, an 
occasional smoking group that “matured 
out” after 18 years of age, and a nonsmoking 
group. Female gender was associated with 
maturing out, and higher disinhibition was 
associated with regular smoking. However, 
adolescent risk factors did not differentiate 

the occasional and heavy groups. This lack 
of differentiation is likely due to the fact that 
the two smoking groups did not signifi cantly 
differ in age of onset and because this 
study had a relatively small sample size for 
trajectory group differentiation. 

Orlando and colleagues106 tracked a large 
school-based sample from 13 to 23 years of 
age. They identified nonsmokers, stable high 
smokers, early increasers (increases between 
13 and 14 years of age), late increasers 
(after 18 years of age), decreasers, and triers. 
Importantly, they found substantial onset 
after high school that has not often been 
recognized and cannot be found by studies 
that track participants only through high 
school. However, by 23 years of age, the 
different trajectory groups merged into two 
groups: low- and high-frequency smokers. 
An identical finding was reported by Lessov-
Schlaggar and colleagues,113 who studied a 
smaller sample from adolescence to 24 years 
of age. Moreover, these authors113 found 
that smoking more than a few cigarettes 
per week in adolescence resulted in similar 
levels of nicotine dependence (as least 
as measured by the Fagerström Test for 
Nicotine Dependence and the Nicotine 
Dependence Syndrome Scale. These 
findings suggest that early onset is not very 
informative about adult smoking outcomes. 
In contrast, Riggs and colleagues78 found 
that an early-onset-trajectory group 
showed more frequent weekly smoking 
and greater reported dependence than a 
later-onset-trajectory group at 24 years 
of age. Differences between these studies 
may reflect the fact that the “late” groups 
in the studies by Orlando and colleagues106 

and Lessov-Schlaggar and colleagues113 

increased smoking after 18 years of age 
whereas the “late” group in the study by 
Riggs and colleagues78 increased smoking 
after 15 years of age. However, the question 
of whether heterogeneity in adolescent age 
and smoking course predicts adult smoking 
levels and adult nicotine dependence may 
be difficult to resolve when participants 
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are followed only until the ages of 23 or 
24 years. It is possible that developmentally 
limited smoking had not yet declined and 
that further divergence would occur after 
the age range of the mid-20s. 

Chassin and colleagues56 studied a 
large school-based sample of ages 11 to 
31 years. They removed two a priori groups 
(abstainers and a small group of erratic 
smokers who showed periods of relapse 
and remission) and empirically identifi ed 
four groups described here. Early, stable 
smokers showed middle-school onset (ages 
12–13 years) and averaged daily smoking by 
15 years of age. They attained a high level 
of smoking (averaging more than one-half 
pack per day by 18 years of age) and stayed 
stable over the study. Late-onset smokers 
did not transition to weekly smoking until 
after 18 years of age and averaged less 
than one-half pack per day at their peak. 
An experimenter group never progressed 
past weekly smoking, and a quitter group 
declined after 21 years of age (similar to 
other forms of substance-use behavior). 
The early, stable and the erratic groups 
showed the riskiest profile on psychosocial 
factors. They were the least socially 
conventional, and their parents and peers 
were most likely to smoke. Interestingly, 
although both the early, stable and the 
experimenter groups showed early smoking 
onset, the experimenters were less likely to 
have parents who smoked (perhaps refl ecting 
the heritability of smoking persistence). 
The late, stable group showed low levels of 
early risk factors and higher levels of college 
attendance. Their late onset might refl ect 
transition out of the supervision provided 
in the parental home as well as some 
college environment factors. Surprisingly, 
a “chipper,” or very light smoker, group 
did not emerge, perhaps refl ecting its 
low prevalence in the population (or its 
correlation with late-onset smoking). 

It is worth noting the similarities between 
the two studies. Both Orlando and 

colleagues106 and Chassin and colleagues56 

identified an early-onset, rapidly 
accelerating group, and both identifi ed 
substantial late (after high school) onset. 
Both studies also identified an experimental 
group that does not progress to regular 
smoking. However, the Chassin study did 
not find that the trajectories merged into 
two outcomes (high smoking and low 
smoking). Differences between the two 
studies might reflect the ethnic distribution 
of the samples. The Chassin sample was 
almost entirely non-Hispanic Caucasian. 
There were also possible cohort effects 
in that the two studies were fi ve years 
apart in their baseline data collections. 
Finally, because the Chassin study tracked 
participants longer into adulthood, greater 
differentiation of smoking trajectories 
as a function of developmentally limited 
smoking might have been achieved. 

One important issue in describing 
trajectories of smoking is potential ethnic 
differences. Four studies have focused on 
African American samples. In one study, 
Juon and colleagues102 examined data from 
the Woodlawn study that followed inner city 
(predominantly low socioeconomic status) 
1st graders to the age of 33 years. Rather 
than empirically identifying trajectories, 
they divided participants into nonsmokers, 
former smokers, late-onset smokers (after 
18 years of age), and early-onset smokers. 
Compared to late-onset smokers, early-onset 
smokers were more likely to have been rated 
as aggressive by their 1st grade teachers, 
to have moved less often, to have had more 
lax parental supervision, and to have had 
more drug problems. Thus, early onset was 
generally associated with a profile of greater 
psychosocial risk in this study as it was with 
the other studies of ethnically diverse or 
Caucasian samples described above. 

In another study, White and colleagues108 

modeled trajectories of the number of 
cigarettes smoked each day separately 
for African Americans and whites in the 
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Pittsburgh Youth Study, a prospective, 
longitudinal study of males that oversampled 
high-risk children and tracked them from 
ages 10 to 25 years. For each race, the three 
identified groups were nonsmokers, light 
smokers, and heavy smokers. However, there 
were differences in prevalence such that 
whites began smoking earlier and reached 
higher quantities of smoking than did 
African Americans. Similarly, Blitstein and 
colleagues116 found that African Americans 
were more likely to show slow progression 
than rapid progression in their smoking. 
Brook and colleagues110 modeled trajectories 
for African American and Puerto Rican 
adolescents aged 14–26 years and identifi ed 
a group of nonsmokers, maturing-out 
smokers, late-starting smokers, and early-
starting smokers. Although few studies 
have examined ethnicity, these fi ndings 
converge in suggesting ethnic differences 
in onset and speed of progression that 
should be considered in describing smoking 
trajectories. 

In short, among the few studies that 
have examined smoking trajectories from 
adolescence to adulthood, there is some 
convergence in terms of identifying an 
early-onset group that is either stably 
high or rapidly escalating, a later-onset 
group, and light-smoking groups that do 
not progress to regular smoking. However, 
there are important discrepancies, such as 
whether multiple trajectories do and do 
not diverge in their “final” endpoints and 
whether conceptually expected (but possibly 
low prevalence) groups such as stable light 
smokers (i.e., chippers) can be empirically 
identified. Studies have not empirically 
identified relapsing and remitting groups 
because (in all likelihood) these forms of 
growth are very complex to model. Most 
important, other than the fact that early-
onset, sharply accelerating, and persistent 
groups are usually the most “at-risk” groups 
in terms of familial smoking, psychosocial 
risk, and measures of externalizing 
and internalizing problems, there is 

little evidence that any one trajectory 
group constitutes a unique phenotype 
characterized by specifi c endophenotypes. 
Indeed, some studies have not been able 
to empirically predict different smoking 
trajectories (other than differentiating 
between smoking and nonsmoking groups). 
However, very little work has been done 
to link the hypothesized preexposure 
endophenotypes (see table 5.1 and chapter 8) 
to trajectories that might constitute 
dynamic phenotypes of smoking. This is 
an important direction for future research. 
Finally, these studies have been limited to 
cigarette smoking and have not considered 
trajectories of dependence symptoms or of 
other forms of tobacco use. 

Statistical Models for 
Evaluating Alternative 
Developmental 
Phenotypes of 
Smoking Behavior 
To this point, multiple possible 
developmental phenotypes have been 
described that can be hypothesized to 
underlie the onset and maintenance 
of smoking behavior. For example, 
one hypothesized phenotype might be 
defined by age of onset, such that children 
who begin smoking at a very young age 
might constitute a unique subgroup. 
Another phenotype might be hypothesized 
to be reflected in the latency from onset 
to regular or heavy smoking. Yet another 
phenotype might be evidenced in smoking 
persistence over age, such that individuals 
who repeatedly fail to quit (or never 
attempt to quit) form an important 
homogeneous phenotypic subgroup. 
Finally, phenotypes might be represented 
by combinations of these features that are 
captured by developmental trajectories 
that show particular ages of onset, slopes 
of acceleration, peaks of smoking rates, 
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and persistence of smoking over time. These 
are just a few examples of many different 
observable behaviors or patterns of behavior 
over time that might indicate developmental 
phenotypes of smoking. 

Given the heterogeneity in hypothesized 
phenotypes of interest, there is 
correspondingly no single statistical 
model that will allow for the optimal 
empirical evaluation of the viability of all 
of these phenotypes. Instead, a statistical 
model must be selected that most closely 
corresponds to the theoretical model 
of the phenotype.117,118 For example, if a 
hypothesized phenotype postulates age 
of onset as a critical component, then 
survival analysis might be the ideal strategy. 
Alternatively, if a hypothesized phenotype is 
focused on time from onset to a transition 
to a category or stage of dependence, then 
latent transition analysis might be most 
appropriate. Because this chapter focuses 
on developmental trajectories (i.e., patterns 
of smoking behavior over development) 
as potential phenotypes, statistical methods 
for clustering developmental trajectories 
are emphasized. However, this is in no way 
meant to suggest that these methods are 
the only (or even necessarily the optimal) 
way to empirically evaluate smoking 
phenotypes. Rather, the goal is to provide 
a brief review of analytic methods for 
clustering growth trajectories, to summarize 
the relative strengths and weaknesses 
of these approaches, and to provide an 
empirical example of these techniques 
through the analysis of a large longitudinal 
study of smoking behavior. 

Growth Curve Modeling 

A core premise of the discussion so far is 
that the identification of phenotypes of 
smoking behavior might be well served by 
considering developmental trajectories of 
smoking-related behaviors and outcomes. 
This requires the collection and analysis 
of repeated-measures data, for which 

there are a plethora of analytic options. 
Traditional methods such as repeated-
measures analysis of variance (ANOVA) 
and multivariate analysis of variance have 
long been known to be limited by strict 
underlying assumptions that are rarely 
met in practice.119 Examples include 
the requirements of complete case data, 
equally spaced assessments, and normally 
distributed repeated measures. However, 
over the past two decades, a number of 
significant improvements in statistical 
models for repeated measures data have 
been introduced that overcome nearly all of 
these prior limitations. Because variations 
of these models arose within multiple 
literatures, there are various terms to which 
these are commonly referred. Examples 
include growth curve models, random 
coefficient models, latent curve models, 
and latent trajectory models. The evolution 
of growth curve models can be broadly 
traced to two modeling traditions: mixed 
(or multilevel) models and structural 
equation models (SEMs). Although there 
are a small number of important differences 
between models estimated within the mixed 
and SEM traditions, it is well known that 
these two approaches are isomorphic under 
a broad set of conditions.120–124 

The standard growth curve model is based on 
the principle that a set of observed repeated 
measures drawn from a sample of individuals 
can be adequately reproduced as a function 
of an underlying, unobserved developmental 
trajectory.119,125,126 The functional form of 
the trajectory might be linear, curvilinear, 
or characterized by some constant level that 
does not systematically change over time. 
Fitting a growth model to the observed 
statistics results in sample estimates of 
the parameters that define the underlying 
trajectory.127–129 To accomplish this, one or 
more latent factors are used to defi ne the 
functional form of the trajectory. The means 
of the latent factors are the fi xed effects 
of the model and represent the estimated 
trajectory pooling across all individuals 
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in the sample. The variances of the latent 
factors are the random effects of the model 
and represent the degree of individual 
variability around the fixed effects. Finally, 
one or more covariates can be included 
to test for systematic differences in the 
parameters that govern the trajectories as 
a function of the covariates (e.g., to identify 
characteristics of individuals who begin 
at a higher level and increase at a steeper 
rate over time). There are a number of 
powerful extensions to the standard growth 
curve model, and these have been widely 
used in many studies of development and 
change (see Bollen and Curran130 for a 
comprehensive review of these models). 

Growth modeling methods might provide 
one important approach to the study of 
developmental phenotypes for cigarette 
smoking. For example, a particular genotype 
or putative endophenotype score could be 
used to predict the slope of a growth curve, 
such that the genotype or endophenotype 
predicted steeper acceleration in smoking 
trajectories (see Audrain-McGovern and 
colleagues72 for an empirical example). Thus, 
if variation in acceleration of trajectories is 
a phenotype of interest, growth modeling 
provides a useful method for testing such 
phenotypes. Similarly, if early, heavy 
smoking is a phenotype of interest, then 
a particular genotype or endophenotype 
could be used to predict the intercept of the 
growth curve at a specific age of interest. 
Finally, the intercept and slope components 
of a developmental trajectory of smoking 
could themselves be used as predictors of a 
distal outcome such as nicotine dependence 
or some other measured characteristic. 
Taken together, growth curve models can 
be used to evaluate a number of important 
questions related to individual differences 
in developmental trajectories and their 
potential relation to smoking phenotypes 
and endophenotypes. 

Despite the significant advantages growth 
curve models offer, they have limitations. 

Of greatest importance for this chapter, 
a strong underlying assumption of 
the standard growth model is that all 
individuals are sampled from a single 
population. This, in turn, implies that 
the population is governed by a single 
multivariate distribution of trajectory 
parameters from which all individuals in the 
sample are randomly drawn. For example, 
a population might be characterized by 
an overall trajectory that is defi ned by 
some mean intercept and linear slope. 
Further, there is a bivariate distribution 
of individual intercepts and individual 
slopes around these mean trajectory 
values. Particular individuals might by 
characterized by intercept values that are 
larger or smaller than others or by linear 
slopes that are steeper or less steep than 
others. Importantly, though, all individual 
trajectories are assumed to be drawn from 
this single bivariate population distribution. 
In this conceptualization, phenotypes 
are viewed as arrayed on a continuum of 
severity rather than as qualitatively different 
categories that represent discontinuous, 
separate populations. 

The assumption that the sample is drawn 
from a single (or homogeneous) population 
is perfectly reasonable in many research 
applications. However, this assumption 
presents a substantial limitation if there is 
theoretical reason to believe that individuals 
within a single sample may have been 
drawn from one of several populations. 
Although the standard growth model 
can be expanded to explicitly incorporate 
multiple populations,127,131 this is only 
possible if the grouping variable has been 
directly observed. Examples of observed 
grouping variables include gender, ethnicity, 
treatment condition, or observed genotype. 
However, significant challenges arise if the 
grouping variable has not been, or might 
never be, directly observed. A salient 
example of this is in the study of phenotypes. 
A single sample might consist of individuals 
drawn from one of several populations 
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(or phenotypic groups), yet these groups are 
inextricably mixed when using a standard 
single sample growth model. Further, 
the multiple group growth model is not 
a viable strategy because the phenotypic 
group membership is not directly observed. 
The challenge then becomes estimating 
the existence of these discrete groups 
on the basis of patterns of observed 
responses drawn from a single sample of 
individuals.132,133 Fortunately, a broad class 
of analytic methods exists that allows for the 
clustering of trajectories into two or more 
discrete groups. 

Clustering Trajectories 

A long and rich history drawn from 
fields including statistics, biostatistics, 
psychometrics, econometrics, and 
criminology has focused on the complex 
task of seeking empirical evidence for the 
existence of unobserved groups. A wide 
array of techniques have been developed 
including cluster analysis, latent class 
analysis, latent profile analysis, fi nite 
mixture modeling, and growth mixture 
modeling. A comprehensive exploration 
of these techniques is, however, beyond 
the scope of this chapter; see Bauer and 
Curran,134,135 Muthén,136 and Nagin137 for 
reviews. 

The shared foundation of these analytic 
approaches is that an apparently 
homogenous sample of individuals is in 
actuality drawn from two or more discrete 
populations. Failure to properly model 
the mixing of multiple populations (or 
population heterogeneity) can lead to 
biased or invalid conclusions about the 
structural relations that exist within any of 
the multiple populations.138 That is, fi tting 
a model to the aggregation of multiple 
populations will likely not accurately refl ect 
any one population, much less the full set. 
However, here lies the challenge: because 
population membership was not directly 
observed in the sample, the existence 

of these groups must be inferred on the 
basis of other measured characteristics 
of the sample. Key analytic tasks include 
the identification of the optimal number 
of groups, the proper specifi cation of 
structural relations of the observed variables 
within each group, and the probabilistic 
assignment of each individual as a member 
of each of the multiple groups. 

Traditional clustering techniques make 
assignments of individuals to groups based 
on ad hoc measures such as the sum of 
distances or the sum of squared Euclidean 
distances from the mean (or centroid) 
of each cluster. A prominent example 
of this is the classic method of k-means 
clustering.139 This is an iterative approach 
in which variability is maximized between 
groups and minimized within groups. 
The k-means approach typically begins 
with the placement of k-points into the 
data space, where k represents the number 
of clusters. This set of points defi nes the 
initial group centroids. Next, each individual 
observation is assigned membership to 
the group that is defined by the closest 
centroid. Once all of the observations have 
been assigned to a cluster, a new set of 
centroids are computed on the basis of the 
individuals assigned to that group. This 
process is then repeated until the change in 
centroids from one iteration to the next is 
negligible. Although this is a straightforward 
and sometimes useful clustering procedure, 
the strong assumption of perfect reliability 
of measures, the sensitivity to outliers, and 
the ad hoc nature of class assignment has 
limited the use of this approach in practice. 

Subsequent clustering methods incorporate 
likelihood-based approaches to estimation 
in which class extraction, class membership 
probabilities, and covariate relations are 
estimated simultaneously. Two closely 
related yet distinct approaches are 
increasingly used for clustering trajectories. 
The first approach does not incorporate 
random effects associated with the growth 
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process within class and is sometimes 
referred to as latent class growth analysis 
(LCGA) because of the shared similarities of 
this approach with traditional latent class 
analysis.140,141 The second approach allows 
for the estimation of random effects within 
each class and is sometimes referred to as 
growth mixture modeling/models (GMM) 
because of the shared similarities of this 
approach with finite mixture modeling.142 

The historical lines of development that 
ultimately led to these methods span more 
than a century.141–149 Drawing on these 
prior developments, two individuals can 
be predominantly credited with the latest 
methods of LCGA and GMM: Daniel Nagin 
and Bengt Muthén. 

LCGA has primarily been developed by 
Daniel Nagin and his colleagues.133,137,150,151 

Like latent class analysis,152 LCGA assumes 
conditional independence within class. 
As such, the within-class trajectory 
model is defined only by fi xed effects. 
A mean trajectory is thus estimated for all 
individuals within a class, but there is no 
individual variability around these class-
specific mean values. Posterior probabilities 
are estimated that reflect the probability that 
each individual belongs to each of the total 
number of classes. The effects of covariates 
can be included in LCGA, but these 
influences are limited to either predicting 
the set of class membership probabilities, 
or predicting class membership itself if each 
individual has been assigned to a single class 
on the basis of the posterior probabilities. 
LCGA has a variety of strengths, including 
the ability to directly model continuous, 
truncated continuous, and discrete repeated 
measures, and the expansion of the model to 
forming classes on the basis of simultaneous 
trajectories of two constructs over time. 

GMM has primarily been developed by Bengt 
Muthén and his colleagues.132,136,153,154 Like 
finite mixture modeling,142 GMM assumes 
a multivariate normal distribution of the 
observations within each class. This, in 

turn, allows for the estimation of a growth 
model within each class that is characterized 
by both fixed and random effects. Like 
LCGA, an overall mean growth function is 
estimated within each class; however, there 
is also the ability to incorporate individual 
variability around these mean values. This, 
in turn, allows for the inclusion of covariates 
as predictors of class membership, of 
the growth process within class, or both. 
One of several close ties between the two 
techniques is that restricting the within-
class variability to zero in GMM is an 
equivalent parameterization to LCGA. 
Further, if only a single class is extracted 
in GMM, this is equivalent to the standard 
single group latent curve model. And if 
class membership is directly observed, then 
GMM is equivalent to the standard multiple 
group latent curve model (e.g., Bollen and 
Curran,130 Chapter 6). More standard growth 
models can thus be viewed as restricted 
parameterizations of the more general 
GMM.154 Growth mixture models also 
offer a variety of strengths including the 
incorporation of continuous, nonnormal, 
and discrete outcomes, as well as a number 
of advantages provided by the general SEMs 
(e.g., multiple indicator latent factors and 
formal tests of mediation). 

The LCGA and GMM approaches to 
estimating population heterogeneity 
in longitudinal trajectories represent 
an exciting advance that has salient 
implications for the study of phenotypes in 
that these analytic techniques offer a close 
correspondence to the theoretical model 
of different developmental trajectories as 
phenotypes of smoking behavior. However, 
because these methods are new, there is 
still much to learn about their performance 
under a variety of research conditions. 
Further, as with any advanced statistical 
technique, a number of challenges are 
encountered when fitting these models to 
longitudinal data in practice,134,135,137,155–157 

and both the advantages and challenges 
must be understood. 
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This chapter has already articulated many 
of the potential strengths associated with 
alternative techniques for clustering 
developmental trajectories over time. 
However, important issues must be 
considered when using these techniques. 
Because of space constraints, it is not 
possible to present a comprehensive 
discussion of all of these issues; see Bauer 
and Curran,134,135,155 Muthén,136,154,156 

Nagin,133,137 and Nagin and Tremblay157 

for more detailed explorations. Instead, 
several specific issues are explored that are 
particularly salient in the empirical study of 
smoking phenotypes. 

Theoretical Distinctions between 
Discrete and Continuous Phenomena 

Possibly one of the most challenging issues 
immediately encountered when considering 
the use of clustering methods to empirically 
study smoking phenotypes is fundamentally 
philosophical. There has been a centuries-
old conflict over the very nature of taxa 
and continua and the intersections between 
the two. The primary issue at hand is 
whether phenotypes are characterized as 
discrete, continuous, or some intersection 
of the two.158–163 

For example, consider two distinct 
phenotypes that are based upon a set of 
repeated observations taken on a sample 
of individuals over time. The fi rst might 
be defined by individuals characterized by 
an early onset (i.e., intercept) and steep 
acceleration (i.e., slope) of use, and a second 
by individuals characterized by a later 
onset and less steep acceleration of use. 
Any given individual uniquely belongs to one 
phenotype or the other. In contrast, consider 
the same set of individuals observed on the 
same set of repeated observations. However, 
instead of distinctly belonging to one of two 
groups, the developmental growth process 
is characterized by a continuous bivariate 
distribution of intercepts and slopes; some 
individuals begin earlier and others later, 

and some increase more steeply and others 
less so. This latter situation is the same as 
that described earlier for the single-group 
growth curve model. Although from this 
single-group model some arbitrary cutoff 
might be defined that forms two groups, 
in reality the developmental process operates 
across a smooth (but not necessarily 
normal) continuum. This is not to say that 
some cutoff would not be of potential use 
(e.g., as in clinical diagnoses), but it would 
be theoretically invalid to conclude that two 
distinct groups exist in the population. 

Although some argue that a potentially 
flawed model might still provide a useful 
summary of a set of observed data,164 

the misattribution of discrete versus 
continuous processes is particularly 
challenging in the search for potential 
phenotypes.155 That is, if the goal is to 
identify observable characteristics that 
might identify an underlying genotype, 
the arbitrary creation of discrete groups in 
the presence of true continua would be of 
limited use. Great care must be taken from 
both theoretical and empirical perspectives 
in the accumulation of evidence for or 
against the existence of discrete phenotypes. 
As explored further below, several 
conditions might lead to the spurious 
identification of multiple classes when in 
actuality none exist. Appreciation of these 
potential alternative explanations for the 
identification of multiple classes will aid in 
building a cumulative science. 

Static Versus Dynamic Clustering 

Once it has been determined that there is 
a theoretical foundation for the positing of 
multiple classes, the next challenge is to 
determine whether groups will be based on 
static or dynamic methods of clustering. 
Whereas static clusters are typically based 
on data derived from a single cross-sectional 
assessment, dynamic clusters are based on 
longitudinal data assessed repeatedly over 
time. From a static perspective, only the 
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characteristics of an individual at a given 
fixed point of development are informative 
with regard to their association with a 
particular phenotype. A salient example 
is a simple assessment of the presence or 
absence of nicotine dependence, although 
other static phenotype groups have been 
posited. Importantly, the characteristics 
of the trajectory that an individual may 
have traversed to arrive at that particular 
point in development are not of interest 
(or, at a minimum, the information has no 
predictive utility). 

Given the notion of equifinality (as seen in 
“watershed” or stage models of smoking; 
e.g., in chapter 3) it is possible that 
regardless of the multiple pathways that 
led initially into variation in smoking 
onset and acceleration, the only relevant 
phenotypes of nicotine dependence are the 
“mature” phenotypes that defi ne variation 
in ultimate nicotine dependence and 
inability to abstain. If so, then dynamic 
phenotypes such as trajectories of smoking 
behavior are of potential but time-limited 
interest and are ultimately replaced by 
other static phenotypes. In contrast, 
a dynamic perspective not only considers 
the characteristics of an individual at a 
particular point in development but also 
explicitly considers the path that individual 
followed through the years leading up to 
the particular fixed point. For example, 
although three individuals might all 
report nicotine dependence at 25 years 
of age, one may have reached that point 
with an initial onset in early adolescence, 
one with an onset in late adolescence, 
and one with an onset in early adulthood. 
These very different ages of onset may aid 
in the identification of developmentally 
informed phenotypes of smoking behavior, 
the distinction of which would have been 
wholly occluded if only considering nicotine 
dependence at 25 years of age. An example of 
the importance of dynamic phenotypes was 
proposed by Shaw and colleagues,165 who 
found that it was the trajectory of change in 

the thickness of the cerebral cortex rather 
than simply the thickness itself that was 
related to intelligence. From a statistical 
standpoint, the implementation of static 
and dynamic clustering techniques can 
lead to fundamentally different groupings 
of the same sample of individuals. As such, 
the selection of the optimal analytic 
approach has significant implications for 
both the inferences drawn from a given 
research study and for the development of 
an integrated understanding of empirical 
findings across existing literatures. 
The ultimate empirical reconciliation would 
primarily depend on the identifi cation 
of meaningful genotypic differences as a 
function of static versus dynamic clustering. 

Estimation of Within-Class Variability 

Assuming an interest in the estimation of 
dynamic clusters, the next challenge is to 
determine which analytic approaches best 
correspond to the theoretical model under 
study. Whereas LCGA does not incorporate 
random variability in the growth process 
within class, GMM can include or omit these 
within-class random effects. The estimation 
of random effects for the growth process 
offers several advantages, including the 
incorporation of one or more predictors 
of the random growth parameters within 
class.136 However, the omission of random 
effects also offers several advantages, 
including greater stability of estimation 
and correspondence to the hypothesized 
homogeneity within class.137 This is an 
important decision because the inclusion 
or exclusion of within-class random effects 
for the growth parameters can directly 
influence the number of classes that are 
extracted from the same sample data.135 

One obvious strategy would be to fi t models 
with and without within-class random 
effects and compare the correspondence 
between the two. If any observed differences 
are minimal, then the choice between 
the two parameterizations is less salient. 
However, in reality it is likely that the 
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solutions will differ, possibly substantially 
so. Moreover, the available theoretical 
models of smoking behavior are not well 
enough developed to determine whether 
random effects should be estimated within 
each class. As such, it falls on the applied 
researcher to consider the advantages and 
disadvantages of these approaches and make 
an informed and justifi able decision. 

Importance of Nonnormality 

As with the finite mixture models upon 
which it is based, GMM makes a strong 
assumption of within-class multivariate 
normality for both the repeated measures 
and the random trajectories. This 
assumption, in turn, dictates that the 
marginal distributions of the repeated 
measures (that is, the distribution of the 
measures for the fully aggregated sample) 
be nonnormally distributed. This is a 
straightforward result of mixing two or 
more normal distributions; under all but 
a small number of atypical conditions, 
the distribution of the mixture of two or 
more normal distributions must itself be, 
by definition, nonnormally distributed.148 

This assumption is what allows for the 
very extraction of multiple classes from a 
single sample. The complex nonnormal 
distribution for the aggregated sample can 
be approximated by the extraction of two 
or more normal distributions defi ned by 
different means and variances. Indeed, this 
is the most direct tie between GMM and the 
classic finite mixture model.135 

Yet, this assumption poses a vexing problem, 
particularly when applying GMM within 
many areas of substance-use research. 
Namely, it has been shown that not only 
is marginal nonnormality a necessary 
condition for multiple class extraction but 
also is a suffi cient condition.134 Computer 
simulation studies have shown that when 
modestly nonnormal data are generated 
from a single homogeneous population, 
GMM identifies multiple groups 100% of the 

time.134 Of course, this is precisely what the 
model is intended to do; multiple normal 
within-class distributions are estimated to 
approximate the more complex nonnormal 
aggregate distribution. A fundamental error, 
however, would be to conclude that multiple 
groups exist within the population when the 
optimal fitting multiple class model resulted 
solely as a function of the nonnormal 
aggregate distribution.155 

This issue poses a key challenge when 
applying these techniques to the study 
of smoking phenotypes. Given the very 
nature of the construct under study, many 
observable measures of smoking behavior are 
not going to follow a normal distribution. 
But how does one know if this nonnormality 
is due to the inappropriate aggregation of 
data drawn from multiple classes, or instead, 
is simply an accurate reflection of the 
distribution of the construct? No analytic 
method was found that will distinguish 
which of these two conditions most likely 
accounts for the observed nonnormality 
of the measures under study. Further, it is 
unclear how GMM might best be used to 
empirically test for population heterogeneity 
when it is highly likely (if not nearly certain) 
that multiple classes will be extracted 
on the basis of the marginal distribution 
alone. More specifically, how is a research 
hypothesis subjected to potential falsifi cation 
when the outcome is known before the test 
is conducted? 

As with prior challenges, it is commonly 
recommended that theory be used as a guide 
under such circumstances. However, it is 
not always clear how this might actually be 
accomplished. In some sense, this presents a 
basic Aristotelian syllogism: if the aggregate 
data are nonnormally distributed, multiple 
classes will be extracted regardless of 
population heterogeneity; smoking-related 
measures are nonnormally distributed; thus, 
multiple classes will be extracted when fi tted 
to smoking-related measures, regardless 
of population heterogeneity. As addressed 
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later, an important strategy is to avoid the 
reification of class extraction from a single 
sample of data. A triangulation of fi ndings 
from multiple studies using multiple 
outcomes may offer the best strategy when 
searching for evidence of smoking-related 
phenotypes. 

Proper Model Specifi cation 

Just as multiple classes can be extracted 
to approximate a nonnormal aggregate 
distribution, multiple classes can also be 
extracted to “absorb” the bias introduced by 
the estimation of a misspecifi ed model.135 

The model misspecification might arise 
from the incorrect parameterization of 
the functional form of the trajectory, from 
the exclusion of one or more structural 
parameters, or from the omission of 
nonlinear relations among two or more 
constructs. Regardless of source, it has 
been shown that an incorrect model fi tted 
to data drawn from a single population 
can result in the identification of multiple 
classes when none truly exist.135 Given the 
ubiquity of misspecified models in applied 
research,166 the potential for spurious class 
extraction related to model misspecifi cation 
poses another key challenge when applying 
these methods to the study of smoking 
phenotypes. 

Alternative Spans of Study 

Given that the focus of this chapter has 
been on identifying potential smoking 
phenotypes from the estimation of 
developmental trajectories, an obvious 
challenge is the impact of the developmental 
span under study. Of course, alternative 
developmental spans of study do not 
typically pose a challenge within a given 
study. That is, most applications will 
use all of the repeated observations that 
are available for analysis. However, this 
poses a much greater challenge when 
attempting to identify consistent fi ndings 
from the existing literature. Consider two 

hypothetical developmental phenotypes 
of smoking: one that consists of a late 
onset, modest acceleration, stable plateau, 
and a rapid decline to a low level of use, 
and the other consisting of precisely the 
same pattern except for a rapid decline to 
complete cessation. If one study were to 
follow a sample up to the point of decline, 
whereas another were to follow a sample 
past the point of decline, the resulting 
classes would likely be quite different 
between the two studies.167,168 The fact 
that different groups are obtained for 
different spans of measurement does not 
negate the validity of the obtained groups. 
As expected theoretically, individuals can 
change their trajectories with a change 
in risk or protective factors, and certain 
trajectory groups would not be hypothesized 
to appear until certain ages. For example, 
developmentally limited or late-onset forms 
of substance use cannot be distinguished 
until well into adulthood. However, 
changes in identified trajectory groups 
with changes in developmental span pose 
a salient challenge when one attempts to 
draw a broader understanding about the 
characteristics of the underlying population 
from multiple studies covering multiple 
developmental stages. A similar problem may 
occur in terms of alternative frequencies of 
repeated assessments. That is, assessments 
that occur frequently (e.g., daily, weekly, or 
monthly) can capture complex fl uctuations 
in the outcome variable that will be lost 
when assessments occur more rarely over 
longer intervals (yearly or less than yearly). 

Inclusion Versus Exclusion 
of Abstainers 

A long-standing issue that arises in almost 
any study of substance use is how to best 
handle stable abstainers (see chapter 6 for 
a more detailed discussion). One (often 
unsatisfactory) option is to simply delete 
these from the analysis. This is clearly not 
ideal given both the discarding of valuable 
data and the introduction of a biased sample 
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relative to the population from which it was 
drawn. A second option is to treat abstainers 
as a unique class before the execution of the 
clustering analysis. Thus, abstainers are an 
“observed” class whose existence need not be 
estimated; they are then added to the other 
classes that are identified via the clustering 
techniques. Although preferable to omitting 
these data entirely, the possibility remains 
that some abstainers truly are using but 
either denied this use or misrecorded 
their responses, or that a true abstainer is 
quite close to becoming a fi rst-time user. 
Treating all of these as complete abstainers 
does not allow for the possibility of these 
other issues. Finally, newer techniques 
have been developed that allow for a hybrid-
type modeling approach in which one 
model is fitted to a 0/1 dichotomy of no 
use versus use, and another model is fi tted 
simultaneously to those who are reporting 
use.169 These techniques are quite promising 
but need to be more fully explored. 

Summary 

There are several important hypothesized 
developmental phenotypes of smoking 
behavior, each of which can be empirically 
evaluated by using one of a number of 
analytical methodologies. Techniques 
such as survival analysis, latent transition 
analysis, and growth curve modeling 
can be used with varying degrees of 
success to empirically evaluate these 
predictions. This chapter has focused on 
one such approach—namely, methods 
for clustering developmental trajectories. 
As described earlier, these methods offer 
multiple potential advantages for the 
study of phenotypes of smoking behavior. 
However, it is also important to closely 
consider challenges that arise when using 
these methods in practice. This chapter 
considers some of the particularly important 
issues that arise when studying smoking 
phenotypes on the basis of the clustering 
of developmental trajectories over time. 
The goal is to highlight these challenges 

so that future applications of trajectory 
clustering techniques may be cognizant of 
these issues and proceed in a thoughtful 
and careful manner. 

An Empirical Example: 
Trajectories in the 
Indiana University 
Smoking Survey 
To provide an empirical example of 
these issues raised by modeling smoking 
trajectories, a series of models are 
presented using data from the Indiana 
University Smoking Survey. The focus 
is on a comparison of two time windows 
(ages 10 to 32 years and 10 to 42 years), 
relating static indicators of adult nicotine 
dependence to clusters that are dynamic 
(developmental smoking trajectories 
estimated via LCGA). These analyses allow 
for three important comparisons. First, 
the same sample can be used to directly 
compare the optimal number of groups 
based on a 22-year developmental window 
with the optimal number of groups based 
on a 32-year developmental window. 
This will demonstrate whether different 
phenotypic groups might be identified if the 
same sample were followed over a longer 
developmental period. Second, the stability 
of group membership can be examined. 
That is, the extent to which an individual 
assigned to a particular phenotype in the 
shorter window remains a member of that 
same phenotype in the longer window can 
be assessed. Finally, the relation between 
adult nicotine dependence and trajectory 
group membership examines whether 
these trajectory groups have any systematic 
implications for nicotine dependence. Taken 
together, these analyses will offer a concrete 
empirical demonstration of both several key 
advantages and several specifi c challenges 
that are encountered when using these 
techniques in practice. 
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The Indiana University Smoking Survey 
is an ongoing, cohort-sequential study of 
the natural history of cigarette smoking 
that began in 1980.13,56,170,171 Between 1980 
and 1983, all consenting 6th–12th graders 
in a county school system in the Midwest 
completed annual surveys (total N who were 
assessed at least once = 8,487). The sample 
included 10 cohorts that correspond to the 
graduating classes of 1980–1989. Follow-ups 
were conducted in 1987 (73% retention, 
N = 6,234, ages 15–25 years), 1993 (73% 
retention, N = 6,223, ages 21–32 years), 
and 1999 (71% retention, N = 6,068, ages 
27–37 years), as well as 2005 (70% retention, 
N = 5,931, ages 32–42 years). Because the 
sample was 96% non-Hispanic Caucasian, 
ethnic differences were not considered. 

Sample representativeness has been described 
in detail elsewhere.13,171 Demographically, 
the sample is similar to the community from 
which it was drawn: 64% marriage rates 
in this sample compared with 66% among 
adults of similar ages in the Midwest,172 

and 97% high school graduation rates in the 
sample compared with 92% among adults 
of similar ages in the Midwest.173 At the last 
completed follow-up (1999), the smoking 
rate in the sample was 26%, the same rate 
found statewide.174 Thus, the sample is 
representative of its community; that is, 
predominantly white and well educated. 

Attrition biases have been discussed in 
detail elsewhere.171,175 For each follow-up, 
those who were lost were compared with 
those who were retained in terms of their 
earlier data. Dropouts were more likely to 
be smokers and have more positive attitudes 
and beliefs about smoking. They also had 
parents and friends who were more likely to 
smoke (effect sizes ranging from r 2 of .01 to 
.02). Because of the consistent pattern of 
findings, some caution is warranted when 
making generalizations. 

For these analyses, two subsamples of 
participants were selected. First, trajectories 

were modeled using the first six waves of 
measurement, selecting participants who 
had been measured at least once (ages 
ranged from 10 to 32 years, and 51% were 
males). Next, these results were compared 
with trajectories obtained from considering 
the entire available data (waves 1–8, age 
range = 10–42 years, 51% male). 

Procedures 

Adolescent data were collected with group-
administered questionnaires in school. 
In 1987, these procedures were followed 
for cohorts who were still in high school. 
For cohorts who had graduated from 
high school (and for all participants in 
1993 and after), a survey was sent by mail 
and followed up by telephone interviews 
if questionnaires were not returned. 
Participants were paid $15 for mailed 
surveys, and in 1999, they also were entered 
into a lottery for prizes of $200. At the 2005 
follow-up, mailed surveys with telephone 
interview follow-ups were again used with 
participant fees ($30) and lottery incentives. 

Measures 

Smoking Level 

Smoking level was determined by two items. 
Participants reported their current smoking 
status as “never smoked, not even a single 
puff”; “smoked once or twice ‘just to try’ 
but not in the last month”; “do not smoke, 
but in the past I was a regular smoker”; 
“smoke regularly but no more than once 
a month”; “smoke regularly, but no more 
than once a week”; or “smoke regularly 
and more than once a week.” Participants 
also reported the number of cigarettes 
they typically smoked each day (from 0 to 
20 or more). To improve the validity of self-
reported smoking status in adolescence, 
a bogus pipeline was used from 1981 to 
1983. As reported elsewhere,171 a study using 
an unannounced bioassay with a subsample 
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of the participants supported the validity of 
the self-reports. 

For these analyses, responses were 
combined into a six-level variable to refl ect 
current smoking at each measurement 
wave, reflecting both frequency and quantity 
of smoking as follows: 0 = not currently 
smoking (nonsmokers, ex-smokers, those 
who had smoked once or twice, but not 
in the past month); 1 = up to monthly 
smoking; 2 = up to weekly smoking; 
3 = weekly or more smoking, but only 10 or 
fewer cigarettes per day; 4 = weekly or 
more smoking of 11–20 cigarettes per day; 
and 5 = weekly or more smoking of 20 or 
more cigarettes each day. In some cases, 
responses to these items were ambiguous, 
and additional items were consulted 
concerning the number of cigarettes 
smoked yesterday and the time since the 
last cigarette was smoked. 

Adult Tobacco Dependence 

Tobacco dependence was measured with the 
Fagerström measure as well as by examining 
two individual items: number of cigarettes 
smoked in a typical day and time to fi rst 
cigarette in the morning. 

Family History of Smoking 

Family history of smoking was based on 
participants’ reports of lifetime smoking 
among their biological parents at waves 
5 and 6. Family history was scored positive 
if at least one biological parent was reported 
to be a smoker. 

Data Analysis 

Individual, time-specific, smoking behavior 
scores were modeled over ages 10–32 years 
(using waves 1–6) and ages 10–42 years 
(using waves 1–8) with LCGA. However, 
several groups were constructed a priori. 
Individuals who reported never having 

smoked a single puff or having smoked 
once or twice “just to try” but never 
progressing beyond this category at any 
measurement were defined a priori as 
continuous abstainers (N = 4,642 in waves 
1–6, and N = 4,298 in waves 1–8). Individuals 
who were never measured as smokers but 
only as “ex-smokers” were defined a priori 
as stable quitters (N = 672 in waves 1–6, 
and N = 669 in waves 1–8). Individuals 
who reported periods of smoking, quitting, 
and then smoking again were defined a priori 
as a “relapsing/remitting” group (N = 535 
in waves 1–6, and N = 874 in waves 1–8). All 
other participants were clustered empirically. 

All LCGA model estimation was performed 
using Proc Traj133,176 as available for 
Statistical Analysis Software (SAS). A series 
of latent class models were estimated 
ranging from one to seven classes assuming 
a censored normal (0, 5) response 
distribution. No user-supplied start values 
were used in the initial models. A number 
of criteria were used to select the “best” 
model for the two age ranges. The criteria 
included an overall reduction in the 
Bayesian Information Criterion177 and Akaike 
Information Criterion178,179 to be less than 
100 for the next largest class as well as for 
the model to remain stable (with the addition 
of and changes to subsequent start values) 
and consistent with substantive theory. 
Model selection for waves 1–6 and 1–8 was 
done independently of each other. 

Once the appropriate models were chosen, 
the modal probability of class membership 
was used to place individuals into a 
particular class (the class for which their 
membership probability was highest). 
These classes serve as the independent 
variables in all further analyses. Class or 
“group” membership was used to predict 
several outcomes including Fagerström 
dependence, number of cigarettes smoked 
in a typical day, time to fi rst morning 
cigarette, and family history of smoking. 
Each outcome was evaluated independently. 
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For dichotomous outcomes, logistic 
regression was employed and parameter 
estimates were obtained using SAS’s Logistic 
procedure. Each model consisted of dummy-
coded class membership variables (0 for not 
in the class, 1 for in the class). Abstainers 
were zero on all membership variables. 
Linear contrasts were then used to test for 
significant differences between each class’s 
ability to predict the outcome. Continuous 
outcomes were predicted with ANOVAs. 

Results 

LCGA Results 

A five-class solution was found to be 
optimal for waves 1–6. As seen in fi gure 5.1, 
the five classes were experimenters (4.5%); 
developmentally limited smokers (3.4%); 
early-onset, persistent smokers (7.4%); 
high-school-onset, persistent smokers 
(9.9%); and late-onset, persistent smokers 

(6.4%). As noted earlier, a priori groups were 
stable abstainers (54%), stable quitters (8%), 
and relapsing/remitters (6%). Experimenters 
began smoking early (around 11 years 
of age), but never smoked more than 
occasionally, and generally quit smoking 
by 21 years of age. Developmentally limited 
smokers started smoking around the age 
of 16 years, smoked regularly but averaged 
around 10 cigarettes per day at their peak, 
and gave up smoking by 27 years of age. 
Early-onset, persistent smokers typically 
started around the age of 11 years and 
increased their smoking quickly to a peak 
of more than one-half pack per day, which 
they maintained over development. High­
school-onset, persistent smokers started 
around 14 years of age, quickly increased 
their smoking, and although never quite 
as heavy as the early group, continued 
to smoke heavily. Late-onset, persistent 
smokers started around the age of 18 years 
and quickly became moderate smokers. 

Figure 5.1 Five-Class Solution for Waves 1−6 

Note. Smoking level was determined by participants’ reported frequency and quantity of smoking, expressed numerically as 

follows: 0 = not currently smoking (nonsmokers, ex-smokers, those who had smoked once or twice, but not in the past month); 

1 = up to monthly smoking; 2 = up to weekly smoking; 3 = weekly or more smoking, but only 10 or fewer cigarettes per day; 

4 = weekly or more smoking of 11–20 cigarettes per day; and 5 = weekly or more smoking of 20 or more cigarettes each day. 

Dotted lines denote observed trajectories. Solid lines denote model-implied trajectories. Experimenters are denoted by squares;  

developmentally limited smokers by “x”s; early-onset, persistent smokers by circles; high-school-onset, persistent smokers by 

triangles; and late-onset, persistent smokers by diamonds. 
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As seen in table 5.2, the gender makeup 
of the groups was generally evenly split, 
except for the late-onset, persistent 
group, which had signifi cantly more 
males compared to every other group 
except for the relapsing/remitting groups. 
However, there was a stronger relation 
between group membership and education. 
When measured at wave 6, the sample of 
participants reporting education data had 
approximately 36% of individuals with 
BA degrees or higher. The least educated 
group comprised the early-onset, persistent 
smokers (3.4% of whom had completed a 
college degree). They signifi cantly differed 
from all other groups. Other groups 
with relatively low levels of educational 
attainment were the high-school-onset 
group (14.4% with BAs or higher) and the 
relapsing/remitting group (13.5% with 
BAs or higher), who signifi cantly differed 
from all other groups but not from each 
other. The abstainers were the most highly 
educated group (47.9% with BAs or higher), 
and they significantly differed from all other 
groups. Late-onset and developmentally 
limited groups were also relatively well 
educated (approximately 38% with BAs or 
higher) and did not significantly differ from 
each other. 

A six-class solution was found to be optimal 
for waves 1–8. As seen in figure 5.2, the 
six classes were experimenters (4.2%); 
developmentally limited smokers (4.7%); 
successful quitters (2.4%); early-onset, 
persistent smokers (8.4%); high-school­
onset, persistent smokers (8.7%); and 
late-onset, persistent smokers (3.1%). 
Compared to the waves 1–6 model, 
this model produced one additional 
class: successful quitters. As noted 
earlier, the a priori groups were stable 
abstainers (50.4%), stable quitters (7.8%), 
and relapsing/remitters (10.24%). Similar 
to the experimenters who were identifi ed 
in waves 1–6, this experimenter group 
began smoking around the age of 11 years, 
never smoked more than occasionally, 
and, in general, quit smoking by the age 
of 22 years. Similarly, the developmentally 
limited group generally started around the 
age of 16 years, smoked more on average 
than did the experimenters, (but less than 
one-half pack at their peak), and gave up 
smoking by the age of 30 years. As in the 
waves 1–6 model, the early-onset, persistent 
group typically started smoking around the 
age of 11 years, increased their smoking 
behavior quickly, and maintained the 
highest level of smoking over the course of 

Table 5.2 Trajectory Group Sizes and Relationship with Gender and Educational Attainment
 

Gender College degree 
N % (% female) or higher (%) 

Waves 1–6 1–8 1–6 1–8 1–6 1–8 1–6 1–8 

Abstainers 4,642 4,298 54.39 50.36 49.59a 50.58ab  47.85  56.50a 

Stable quitters 672 669 7.87 7.84 48.21a 46.64ab  35.00ac  47.73b 

Developmentally 288 398 3.37 4.66 45.83ab 43.97ab  38.37a  59.31a 

limited 

Experimenters 381 362 4.46 4.24 51.44a 55.25a  28.01c  41.60b 

Early onset 628 715 7.36 8.38 48.57a 48.04ab  3.44  6.90 

Successful quitters — 208 — 2.44  — 57.21ab  —  38.71b 

High school onset 844 744 9.89 8.72 50.89a 44.62b  14.42b  24.32c 

Late onset 544 266 6.37 3.12 38.60bc 30.83  37.78a  45.89b 

Relapse/remit 535 874 6.27 10.24 45.05ac 46.00ab  13.45b  26.17c 

Total 8,534 100 48.59  36.19  45.75 

Note. Groups that share subscripts do not signifi cantly differ from one another (p < .05). 
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Figure 5.2 Six-Class Solution for Waves 1−8 

Note. Smoking level was determined by participants’ reported frequency and quantity of smoking, expressed numerically as 

follows: 0 = not currently smoking (nonsmokers, ex-smokers, those who had smoked once or twice, but not in the past month); 

1 = up to monthly smoking; 2 = up to weekly smoking; 3 = weekly or more smoking, but only 10 or fewer cigarettes per day; 

4 = weekly or more smoking of 11–20 cigarettes per day; and 5 = weekly or more smoking of 20 or more cigarettes each day. 

Dotted lines denote observed trajectories. Solid lines denote model-implied trajectories. Experimenters are denoted by squares;  

developmentally limited smokers by “x”s; quitters by pluses (+); early-onset, persistent smokers by circles; high-school-onset,  

persistent smokers by triangles; and late-onset, persistent smokers by diamonds. 

the study (more than one-half pack per 
day). High-school-onset, persistent smokers 
(as described in the waves 1–6 model) 
began to smoke around the age of 16 years 
and smoked fairly heavily over development 
(almost as much as the early-onset group). 
The late-onset, persistent group identifi ed 
in the waves 1–8 model tended to start 
a little later (21 years of age) than in 
the waves 1–6 model (18 years of age). 
Moreover, this group generally increased 
more slowly and maintained a relatively 
low level of smoking behavior. Successful 
quitters (the group that did not emerge in 
the waves 1–6 model) started slightly later, 
around the age of 12 years, smoked fairly 
heavily for many years, and eventually quit 
in adulthood (by 37 years of age). 

As shown in table 5.2, the pattern of gender 
and education differences was quite similar 
to the waves 1–6 model. The groups were 
generally evenly split in gender, with 

the percentage of females in a group 
ranging from 30.83% (late onsetters, who 
significantly differed from all other groups) 
to 57.21% (successful quitters who did not 
differ from any other group except for late 
onsetters). 

As with the waves 1–6 model, a strong 
relation was found with educational 
attainment. When measured at wave 8, 
45.8% of the sample who reported their 
educational attainment had completed a 
BA degree or higher. The trajectory group 
with the highest educational attainment 
was the developmentally limited smokers 
(59.3% with BAs or higher), and they did 
not significantly differ from the abstainers 
(56.5%). Other groups with relatively high 
levels of educational attainment were the 
stable quitters (47.7% with BAs or higher), 
experimenters (41.6% with BAs or higher), 
successful quitters (38.7% with BAs or 
higher), and late-onset smokers (45.9% with 
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BAs or higher), and these groups did not 
significantly differ from each other. As in 
the waves 1–6 model, the lowest level of 
educational attainment was found for 
the early-onset, persistent group (only 
6.9% with a BA degree or higher), and this 
group significantly differed from all others. 
The high-school-onset group (24.3% with 
a BA or higher) and the relapsing/remitting 
group (26.2% with a BA or higher) were also 
relatively less educated and signifi cantly 
differed from all other groups, but not from 
each other. 

Stability of Classifi cation across 
the Models 

In general, group membership remained 
fairly consistent across analyses. As can be 
seen in table 5.3, a large proportion of the 
sample (81.9% of the total sample, 64.6% of 
the empirically classified subsample) was 
classified in the same group across the 
different age span models. Moreover, 
differences in classification across models 
were theoretically reasonable. Of those 
who were stable abstainers in waves 1–6, 
93% were still abstainers 10 years later, 
and those who changed categories were 
most likely to become late-onset, persistent 
smokers or successful quitters. Of those 
who were stable quitters in waves 1–6, 
82% were stable quitters 10 years later, 
and those who were not were categorized 
as relapsing/remitters. Of those who 
were developmentally limited smokers 
in waves 1–6, 62% were classified in the 
same group 10 years later, and those who 
were not were most likely to be classifi ed 
as relapsing/remitters. Of those who were 
experimenters in waves 1–6, 77% were 
classified in the same group 10 years later, 
and those who were not were most likely 
to be classified as relapsing/remitters. 
Of those who were early-onset, persistent 
smokers in waves 1–6, 90% were classifi ed 
in the same group 10 years later, and those 
who were not were most often classifi ed as 
successful quitters or experimenters. Ta
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The largest difference between the two 
models is seen in the successful quitting 
group, which did not emerge in the earlier 
years. The waves 1–8 successful quitting 
group was drawn primarily from the high­
school-onset and late-onset smokers in 
waves 1–6. This finding indicates that a later 
onset of smoking is associated with greater 
likelihood of successful cessation. 

In a parallel finding, there was somewhat 
less stability in the waves 1–6 high-school­
onset smokers, with 51% classifi ed in 
the same group 10 years later. Those 
who changed groups were likely to be 
classified as either early onset (refl ecting 
the similarities between middle school 
and high school onset) or successful 
quitters (reflecting those who succeeded 
in cessation). 

Finally, there was low stability in the 
waves 1–6 late-onset smokers, with only 
25% being classified as late onset in the 
waves 1–8 model. Those who were late-
onset smokers in the waves 1–6 model 
were most likely to be classified as high 
school onset in the waves 1–8 model 
(37%), reflecting the ambiguity of their 
onset at the age of 18 years as somewhat 
like adolescents and somewhat like adults. 
Moreover, a substantial number of the 
waves 1–6 late-onset smokers (27%) were 
classified as developmentally limited 
smokers in the waves 1–8 model, refl ecting 
the fact that they stopped smoking by 
adulthood. Conversely, the late-onset group 
that emerged in the waves 1–8 model was 
drawn mostly from the waves 1–6 late-
onset smokers and abstainers and showed 
a later age of onset than did the fi rst model 
(22 years of age rather than 18 years). 

Family History Analysis 

Logistic regression models that related 
trajectory group membership to family 
history of smoking produced similar results 
for the waves 1–6 and waves 1–8 groups. 

In both models, the lowest likelihood of 
having a smoking parent was for late-onset 
smokers, abstainers, and developmentally 
limited smokers, who did not signifi cantly 
differ from each other. In the waves 1–6 
model, the highest likelihood of having a 
smoking parent was for early-onset, high­
school-onset, and relapsing/remitting 
groups, who differed from the other groups, 
but not from each other. In the waves 1–8 
model, the highest likelihood of having 
a smoking parent was for the early-onset 
and the successful quitter groups, who 
significantly differed from abstainers and 
late-onset smokers, but not from each 
other (table 5.4). 

Indicators of Adult Nicotine 
Dependence: Amount Smoked, Time 
to First Cigarette, and Fagerström 
Dependence Diagnoses 

For both the waves 1–6 and 1–8 models, 
the groups who smoked at the end of 
the trajectory (early onset, high school 
onset, late onset, and relapsing/remitting) 
were compared on indicators of nicotine 
dependence measured at wave 8 (ANOVAs and 
logistic regressions in table 5.5). (Note that 
this analysis examines current dependence 
at wave 8, but does not identify the timing 
of onset of dependence). The fi ndings for 
the two models were quite similar. For both 
waves 1–6 and 1–8 groupings, the early-
onset, high-school-onset, and late-onset 
groups significantly differed from each other 
in both models on all indicators. The early-
onset group showed the highest percentage 
of tobacco dependence (more than one-half 
of the group); this percentage was strikingly 
higher than the late-onset group (12%–19% 
in the second model). Similarly, the early-
onset group smoked at high levels (averaging 
one pack per day), whereas the late-onset 
group was closer to “chippers” (averaging 
seven cigarettes per day for the waves 1–8 
late-onset group). Also paralleling these 
findings, the early-onset group was more 
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Table 5.4 Relationship of Trajectory Group Membership to Family History of Smoking
 

Waves 1–6	 Waves 1–8 
With at least 1 With at least 1 
smoking parent smoking parent 

N (%) N (%) 
Abstainers 3,359 67.40a 3,154 66.93a 

Stable quitters 452 71.68ab 451 71.40ac 

Developmentally limited 269 68.77ab 353 69.12ac 

Experimenters 310 73.23bc 290 74.48abc 

Early onset 327 85.02d 390 83.85bc 

Successful quitters — — 164 86.59bd 

High school onset 622 81.19cd 519 78.23cd 

Late onset 460 67.61ab 217 63.59a 

Relapse/remit 432 80.32bcd 693 77.20cd 

Total % with a smoking parent 71.27 

Total N 6,231 

Note. Groups that share superscripts do not signifi cantly differ from one another (p < .05). 

Table 5.5 	 Relationship of Trajectory Group Membership to Smoking Dependence Indices 
in Wave 8 

Waves 1–6	 Waves 1–8 

Smoke first Smoke first 
Dependent Number of cigarette Dependent, Number of cigarette 

using cigarettes of day using cigarettes of day 
FTND ≥ 6 smoked in immediately FTND ≥ 6 smoked in immediately 

(%) 1 day (<5 min.) (%) (%) 1 day (<5 min.) (%) 

Early onset 59.0a 22.1a 41.4a 54.4a 22.0a 39.4a 

High school onset 34.0b 17.1b 22.0b 31.7b 16.3b 19.1b 

Late onset 18.8c 12.0c 10.7c 11.9c 6.7c 6.9c 

Relapse/remit 34.7b 16.5b 19.5b 25.3d 13.6d 13.5d 

Overall 38.8 17.6 24.9 34.6 16.1 21.4 

Note. Groups that share superscripts do not signifi cantly differ from one another (p < .05). FTND = Fagerström Test for Nicotine 

Dependence. 

likely to smoke the first cigarette of the day 
immediately upon awakening (39%–41% of 
these groups in the two models), whereas less 
than 10% of the late-onset groups did this. 

Differences between the waves 1–6 and waves 
1–8 models involved the relapsing/remitting 
group. For the waves 1–6 model, this group 
resembled the high-school-onset group 
on all indicators, whereas it signifi cantly 
differed from the early- and late-onset group 
on these same indicators. In the waves 1–8 
model, the relapsing/remitting group was 

distinctly and significantly different from 
all of the other groups and was the second 
lowest (to the late-onset group) in indicators 
of nicotine dependence. 

Discussion 

These findings demonstrate both the 
potential utility and some of the challenges 
involved with empirically identifying 
multiple developmental trajectories of 
smoking. Analyses revealed meaningful 
heterogeneity in trajectories that would be 
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relevant for genetic studies. Results also 
showed that static assessment at any one 
time point has limitations. For example, 
early-onset smoking is correlated with 
steep acceleration and high persistence. 
Examining only a single age point of onset, 
however, would not reveal this fi nding 
because some of these early onsetters will 
merely experiment and not progress to 
regular smoking. However, a developmental 
trajectory that combines early onset, steep 
acceleration, and high persistence produces 
the highest risk for adult dependence 
and shows high levels of family history 
of smoking. This suggests a phenotype of 
interest for genetic analysis. The very low 
educational attainment of this group also 
suggests the presence of other risk factors 
(as identified in other studies, table 5.1). 
Thus, the low educational attainment may 
reflect the effects of endophenotypes that 
undermine educational success, such as 
conduct problems, impulsivity, behavioral 
undercontrol, and attention deficit. It is also 
important to assess the possible role of low 
socioeconomic status (which also constrains 
educational attainment). 

Although the early-onset, persistent group 
is clearly at highest risk, the differences 
between the early-onset and high-school­
onset groups appear to be quantitative and 
dimensional, rather than demonstrating a 
qualitatively distinct etiological pathway 
of smoking acquisition. These trajectories 
show both steep acceleration and persistence 
at high levels of smoking, although the 
early-onset group was somewhat elevated 
in indicators of adult dependence and 
somewhat lower in educational attainment. 
Thus, the available data suggest that there is 
simply a difference in severity between the 
early-onset and high-school-onset groups 
(although a consideration of predictors of 
trajectories might reveal other patterns). 

Moreover, even among adolescents whose 
onset of smoking is early in adolescence, 
some became successful quitters (albeit a 

small prevalence). These successful quitters 
had family histories of smoking equivalent 
to the early-onset group, suggesting that 
a simple genetic explanation of cessation 
is likely to be insufficient. The similarities 
between the early-onset and successful 
quitting groups in family history is 
consistent with a stage model demonstrating 
multifinality, so that similar factors may 
have led the quitters and persistent groups 
to initiate smoking, but different factors 
(possibly arising in adulthood) ultimately 
determine successful smoking cessation. 
Interestingly, the groups differed in 
educational attainment, so perhaps social 
contextual and intrapersonal factors related 
to success in higher education may provide 
some way to distinguish successful quitters 
from early-onset, persistent smokers. 

Although the early-onset and high-school­
onset groups appear to represent continuous 
distributions of risk, the late-onset group 
appears more qualitatively distinct. In fact, 
in many ways, late-onset group members 
resembled abstainers. They have low levels 
of familial smoking and high levels of 
educational attainment. They also show low 
levels of adult smoking and dependence. 
In these ways, they resemble tobacco 
“chippers,” who may be relatively less 
vulnerable to tobacco dependence. Thus, 
whatever mechanisms produced their late-
onset smoking, these mechanisms may be 
different from those that underlie early and 
high school smoking acquisition. This late-
onset group has been underrecognized and 
understudied, unless they are considered to 
be the same as “chippers” (light smokers). 

The findings also demonstrate several 
challenges that arise in attempting to 
empirically identify multiple trajectories 
of smoking. For example, although the 
groups obtained from waves 1–6 and 
1–8 were substantially similar in terms 
of classification, the solutions were not 
identical. Changes in group classifi cation 
occur with changes in the ages under 
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study, sample characteristics, variations 
in smoking measures and other factors, 
and these changes make it challenging 
to examine the robustness of trajectories 
derived across different studies. However, 
it is also important to note that some of the 
differences between the waves 1–6 and 1–8 
models reflect meaningful developmental 
changes, and that trajectories measured 
at different stages of the life course 
would be expected to differ. For example, 
trajectories of developmentally limited or 
late-onset smoking cannot emerge until a 
sufficient age span is measured. Moreover, 
individuals can change trajectory groups 
with a meaningful change in their smoking 
behavior (i.e., individuals may smoke at high 
levels but then become successful long-term 
quitters). Future research might explore 
such meaningful developmental changes 
by using methods developed to identify 
“regime switching” (i.e., switching between 
trajectory groups180). 

Moreover, the findings were produced by a 
combination of approaches in which some 
groups were defined a priori and others were 
derived empirically. For example, a wholly 
empirical approach could not differentiate 
individuals who were always measured as 
abstainers from those who were always 
measured as ex-smokers since both groups 
would need to have identical scores to 
enter into the model. Also, these analyses 
did not examine modeling solutions that 
incorporate within-class variability, and all 
of these modeling decisions will affect the 
trajectory groups produced. 

Finally, although not necessarily a limitation 
of this approach, these analyses did not 
address many questions that go beyond 
the scope of a single chapter. For example, 
tobacco use was not examined in forms 
other than cigarette smoking (which may 
affect patterns and trajectories of smoking). 
In addition, prospective predictors of these 
trajectories (other than family history of 
smoking) were not examined nor were 

trajectory group memberships related to 
hypothesized endophenotypes. 

Future Research 
Directions 
The literature review and empirical 
example provided in this chapter point 
to several directions for future research. 
The first task is a better specification of the 
relation between trajectories of smoking 
behavior and the development of nicotine 
dependence, as well as the relation between 
adolescent and adult trajectories. Given 
stage models (such as the “watershed” 
model in chapter 3), developmental 
trajectories of smoking acquisition may 
better be considered as “transitional” 
phenotypes whose etiological determinants 
differ from those that underlie the 
phenotypes of nicotine dependence. Thus, 
developmental phenotypic information 
may be very important at particular 
stages in the smoking trajectory to mark 
diverse etiological mechanisms underlying 
acquisition, but these diverse pathways 
may become relatively less important 
in the presence of tobacco dependence. 
In addition, the measurement equivalence 
of tobacco dependence symptoms over the 
life span requires further study to determine 
the similarities and differences between 
tobacco dependence in adolescence and 
adulthood. More research is needed on the 
heterogeneity in time course and predictors 
of the transitions from initial exposure to 
dependence. Moreover, further research 
is required to understand the age-specifi c 
effects of initial nicotine exposure, which 
have shown a significant relation between an 
early age of onset and steeper acceleration 
over time. The mechanisms underlying this 
relation require further exploration in both 
animal and human models. 

Another important question is whether 
a particular individual feature of a 
trajectory (e.g., age of onset or steepness of 
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acceleration) is the important phenotype 
or whether it is more useful to consider an 
entire trajectory group. The probabilistic 
nature of empirically identifi ed trajectories 
(which change with different measures 
and age spans and from which individuals 
may enter and exit over time) creates a 
conflict with the goal of defining ”true” and 
unchanging groups for genetic analysis. 
Moreover, different research approaches are 
needed to determine whether phenotypes 
are best considered as categorical “groups” 
or as representations of an underlying 
continuous dimension. For future research 
on multiple trajectories of smoking, an 
accumulating literature on the subject 
will help to determine whether empirically 
identified trajectory groups are reliable 
across different samples, and whether there 
are important ethnic differences in these 
groups. Moreover, very few studies relate 
these trajectories to measured genotypes 
or that examine trajectories in genetically 
informative samples (see chapter 7 for 
an example). More studies are needed to 
understand these areas. It may also be useful 
to consider tobacco within a context of 
other substance use (chapter 7) or broader 
“externalizing” disorders because the 
underlying genotype may reflect a broader 
tendency to disinhibition rather than a 
specific risk for tobacco dependence. Along 
with this consideration, studies are needed 
that relate smoking trajectories to indicators 
of hypothesized endophenotypes and to 
indicators of tobacco dependence. 

Finally, practical issues must be considered 
in this type of research. Unless reliable 
and valid methods can be developed to 
retrospectively reconstruct trajectories, 
these must be derived from costly 
longitudinal studies. Moreover, within 
longitudinal studies, there are trade­
offs between intensity and frequency of 
measurement intervals. For example, more 
frequent and more intense measurements 
provide greater resolution of transition 
points but require greater participant 

commitment and greater fi nancial 
resources. These studies also require large 
sample sizes if heterogeneity in trajectories 
is of interest (especially given the high 
prevalence of nonsmoking). A useful 
approach may be to target important ages 
or high-risk groups or to use accelerated 
longitudinal designs. One potentially helpful 
strategy may be to take advantage of existing 
longitudinal data sets by adding measures 
of endophenotypes (as well as genetic data) 
that are not time varying or age dependent. 
These represent some of a number of open 
questions that remain to be addressed 
through future research. 

Summary 
As demonstrated in this chapter, 
a consideration of developmental trajectories 
of cigarette smoking has potential for 
refining phenotypes of smoking for genetic 
analysis and for illuminating etiological 
mechanisms. Research has demonstrated 
meaningful heterogeneity in age of onset, 
slope of acceleration, and peaks and 
persistence of use. These features have been 
found to be significantly related to some 
hypothesized endophenotypes as well as to 
indicators of tobacco dependence. In a very 
small number of studies, these trajectory 
features have also been related to genetic 
variability. However, this literature is 
still in a very early stage. It is premature 
to conclude that smoking trajectories 
(or even individual features of trajectories) 
will constitute important phenotypes of 
smoking. 

At the same time, the study presented here 
demonstrates that developmental aspects of 
trajectories of smoking acquisition may be 
useful in refining phenotypes of smoking. 
There is evidence (including the evidence 
provided in the empirical example) that 
heterogeneity in trajectories is related 
to indicators of nicotine dependence in 
adulthood. Identifying these trajectories may 
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help to illuminate the multiple etiological 
pathways that underlie the development of 
tobacco dependence. The next chapters in 
this section extend this work to genetically 
informative designs (chapter 6) and to the 
consideration of dual trajectories of tobacco 
and alcohol use in a genetically informative 
design (chapter 7). 

Conclusions 
1. 	 Previous studies (and the empirical 

example presented in the chapter) 
have identified multiple developmental 
trajectories of tobacco use from 
adolescence to adulthood. These 
trajectory groups, which vary in age 
of onset, rate of acceleration, and 
persistence of smoking over time also 
vary in their antecedents and correlated 
risk factors. These trajectories may be 
informative as developmental phenotypes 
for genetic studies of tobacco use. 

2. 	Statistical approaches such as latent 
class growth analysis and growth 

mixture modeling can be useful in 
evaluating developmental trajectories of 
smoking behavior. However, challenges 
in using these approaches include the 
handling of within-class random effects, 
the impact of a nonnormal aggregate 
distribution on the classes extracted, 
the need for proper model specifi cation 
and parameterization, the span of 
evaluated data, and the impact of 
abstainers on the model. 

3. 	Analysis of a 25-year cohort-sequential 
study of smoking behavior identifi ed six 
distinct trajectories of smokers across 
eight waves of data collection. These 
trajectory groups were experimenters; 
developmentally limited smokers; early-
onset, persistent smokers; high-school­
onset, persistent smokers; late-onset, 
persistent smokers; and successful 
quitters, with a priori groups of stable 
abstainers, stable quitters, and relapsing/ 
remitters. Trajectory group membership 
was related to educational attainment, 
family history of smoking, and indicators 
of nicotine dependence. 
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