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Defining Subgroups of Adolescents at Risk for
Experimental and Regular Smoking

Lisa C. Dierker,!> Shelli Avenevoli,> Abbie Goldberg,® and Meyer Glantz*

If multiple etiologies of substance use are truly at work in the population, then further strides
in the accurate prediction of smoking and the use of other substances will likely be built on di-
verse pattern-centered approaches that explore the presence of multiple population subgroups
across various substance use stages. The present study aimed to identify population subgroups
defined by individual risk factors or risk factor constellations that prospectively predict specific
smoking stages. Using data from the National Longitudinal Study of Adolescent Health (Add
Health), analyses were conducted on the sample that took part in the baseline and 1 year
follow-up assessment between 1994 and 1996. Classification and regression tree procedures
were used to investigate the structure of individual risk factors, or constellations of risk, that
define population subgroups with high rates of both experimental and established smoking.
For each level of smoking, a relatively simple model including two subgroups predicted over
half of the smoking cases. Findings also indicated that the two group models identified higher
rates of regular smokers compared to experimental smokers. Deviant behaviors and alcohol
use without permission independently predicted movement to experimentation at follow-up.
Progression to regular smoking from both a nonsmoking and experimental smoking status at
baseline were each predicted by smoking friends. Additionally, baseline levels of experimental
use predicted movement from experimental to regular smoking, while a relatively low grade
point average predicted rapid progression from baseline nonuse to regular use at follow-up.
By identifying first approximations of patterns, these analyses may lead to clues regarding the
major multiple mechanisms at work for the progression of smoking among adolescents.
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INTRODUCTION

The goal of risk factor research focusing on sub-
stance use and a wide variety of other negative out-
comes is to inform the content and timing of efforts
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aimed at preventing the onset and/or escalation of
these conditions (IOM, 1996; Mrazek & Haggerty,
1994). The added focus on informing the appropriate
human targets of prevention has similarly emerged
from decades of risk factor research demonstrating
a wide variety of potent predictors (for a review see
Hawkins et al., 1992), but no single risk factor or con-
stellation that is necessary or sufficient for the devel-
opment of substance use, abuse, or dependence. Re-
cent targeted prevention programs intended in full or
in part to reduce rates of substance use have com-
monly aimed their efforts at “high-risk groups” de-
fined by early signs/symptoms demonstrated in previ-
ous risk research [e.g. children of substance abusing
parents (Kumpfer er al, 1996), deviant youth
(McMahon & Slough, 1996), and adolescents from im-
poverished socioeconomic backgrounds (Pizzolongo,
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1996)]. The fact that these programs often differ not
onlyin terms of samples targeted, but also in basic pro-
gram content and theoretical underpinnings, demon-
strates the implicit expectation that different rather
than common developmental pathways may explain
the emergence of substance use behaviors among di-
verse population subgroups.

Extant risk research has most commonly inferred
multiple pathways from a comparison of specific de-
mographic groups defined by age, gender, or ethnic-
ity. For example, deviance, other risk taking behav-
iors and poor school achievement have been found
to be more strongly predictive of substance use be-
havior among middle school youth than among high
school youth (Chassin et al., 1991, 2000). Within stud-
ies examining gender differences in risk for substance
use, susceptibility to the effects of parental smok-
ing has been shown to be stronger among females
(Curran et al., 1999; Flay et al., 1994; Kandel et al.,
1994; Robinson et al., 1997), while deviance (Epstein
et al., 1999) and socioeconomic status (Curran et al.,
1999) have each been supported as stronger predic-
tors of substance use among males. With regard to
ethnicity, there has been rather consistent evidence
for differences in the potency of interpersonal risk.
For example, peer influence has been shown to be
more important among Caucasian and Hispanic ado-
lescents compared to African American adolescents
(Flint et al., 1998; Griesler & Kandel, 1998; Headen
et al., 1991; Landrine et al., 1994; Maddahian et al.,
1988).

The relative importance of dividing the popula-
tion into demographic subgroups (i.e. age, gender, and
ethnicity) rather than groups defined by other factors
that have been implicated as predictors of substance
use is unclear. That is, the evaluation of demographic
groups may or may not encompass the most mean-
ingful splits for predicting the multiple etiologies at
work in the population. Data-driven approaches that
simultaneously examine a constellation of factors that
show strong associations with substance use may yield
more meaningful distinctions among individuals who
use substances and in turn, begin to provide clues re-
garding the presence of multiple etiologic pathways.

There has also been recent consensus that the
transition between stages of substance use represents
aparticularly important area within etiologic research
that will more clearly allow us to define the spe-
cific risk factors at work throughout the development
substance use behaviors (Glantz & Pickens, 1992;
Jackson, 1997; Mayhew et al., 2000; Prochaska &
DiClemente, 1983). Research focused on stages of
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substance use have generally shown that the risk fac-
tors that predict initiation may differ from those that
predict the maintenance or continuation of the behav-
ior (Ary & Biglan, 1988; Glantz, 1992; Harrell et al.,
1998). Furthermore, recent work has suggested that
initiation patterns may in fact differ for individuals
who progress to substance dependence compared to
those who do not (Mackesy-Amiti et al., 1997).

The primary aim of the current study is to inves-
tigate whether individual risk factors or risk factor
constellations can prospectively distinguish sub-
groups with elevated risk of substance use across var-
ious stages. Smoking outcomes were selected for the
current investigation due to the fact that (1) cigarette
smoking represents the substance use with one of
the earliest onset ages (Kandel, 1982); (2) smok-
ing is initiated before age 18 for the vast majority
of individuals who will become nicotine dependent
(Elders & Perry, 1994); and (3) as the leading cause
of preventable deaths (CDC, 2002) smoking repre-
sents one of the most critical target outcomes for pre-
vention. A diverse set of individual and contextual
risk factors has been previously shown to be associ-
ated with smoking behavior, the most consistent of
which include environmental exposure through peers
(Gritz et al., 1998; Jackson, 1997; Van Roosmalen &
McDaniel, 1992), socioeconomic status (Chassin
et al., 1992), rebelliousness and antisocial behavior
(Adalbjarnardottir & Rafnsson, 2002; Juon et al,
2002), emotional distress (Allen et al., 1994; Patton
et al., 1998; Pederson et al., 1998), the accessibility
of cigarettes (Forster et al., 1997; Maddahian et al.,
1987), the use of other substances (Duncan et al.,
1998; Jackson et al., 2002; Sussman et al., 1997), self-
esteem (Dielman et al, 1988; Simon et al., 1995),
school achievement (Bryant et al., 2001), and individ-
ual connectedness to the family and school environ-
ments (Conrad et al., 1992; Resnick et al., 1997). The
present study set out to examine which factors might
parsimoniously predict transition from nonsmoking
to experimental smoking and regular smoking.

METHOD
Subjects

The National Longitudinal Study of Adolescent
Health (Add Health) utilized cluster sampling to se-
lect and stratify adolescents by gender and grades 7
through 12 from 80 high schools and 52 feeder mid-
dle schools. These high schools were chosen from a
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sample of all United States high schools that both in-
cluded an 11th grade and enrolled 30 or more students.
All students who completed the In-school Question-
naire plus those who did not complete a question-
naire but were listed on a school roster were eligible
for selection into the In-home sample. Further, over-
sampling of four supplementary ethnic groups were
drawn including African Americans, Chinese, Cuban,
and Puerto Rican adolescents. In addition, the sample
contains significant numbers of Mexican-Americans,
Nicaraguans, Japanese, South Koreans, Filipinos, and
Vietnamese. The study has been funded by the
National Institute of Child Health and Human De-
velopment (NICHD) and 17 other federal agencies.
Additional details about the survey design have been
previously reported (Resnick et al., 1997).

The present investigation is based on the 9,449
adolescents age 11-22 participating in both baseline
and follow-up assessments, and who either main-
tained a nonsmoking or experimental smoking status
or increased their level of smoking behavior across
the 1-year assessment period. Data based on self-
report information gathered during, in-home inter-
views were utilized in the present study. Interviewers
employed by the National Opinion Research Cen-
ter of the University of Chicago read and recorded
responses for minimally intrusive or sensitive items
while more sensitive information was gathered using
computer-assisted interviewing (CASI).

The mean age of the selected sample at follow-up
was 16.5,8SD = 1.6 (99% of the sample was age 12-19),
and 52% of the sample was female. In terms of race,
60% of the participants endorsed White, 25% African
American, 3% American Indian, and 8% Asian.
Seventeen percent of the sample endorsed Hispanic
ethnicity.

Measures

Levels of smoking were defined for each sub-
ject at both the baseline (lifetime) and follow-up
(1 year) assessment based on the questions “Have you
(ever/since month of last interview) tried cigarette
smoking, even just one or two puffs?” and “Have you
(ever/since month of last interview) smoked cigarettes
regularly, that is at least one cigarette every day for
30 days?” At each assessment, subjects were cate-
gorized as nonsmokers if they responded negatively
to having tried cigarette smoking, as experimenters
if they responded positively to having tried cigarette
smoking, but negatively to daily smoking for 30 days,
and as regular smokers if they responded positively
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to both having tried cigarette smoking and to daily
smoking for 30 days.

Groups were created to reflect prospective in-
creases in smoking behavior. Comparisons included
(1) nonsmokers at baseline who were experimenters
by the follow-up assessment (“experimenters”) vs.
nonsmokers at baseline who remained nonsmokers at
follow-up (“nonsmokers”); (2) nonsmokers at base-
line who were regular smokers by the follow-up as-
sessment (“rapid regular smokers”) vs. nonsmokers
at baseline who were experimenters by follow-up
(“experimenters”); and (3) experimenters at baseline
who became regular smokers by the follow-up assess-
ment (“regular smokers”) vs. experimenters at base-
line who remained experimenters at follow-up (“con-
tinued experimenters”).

Variables represented in Add Health that have
been previously established as correlates of smok-
ing behaviors were included as predictor variables
for the present investigation. A total of 26 predictor
variables from the baseline assessment were selected.
Youth characteristics included age and gender. Race
was also evaluated through separate questions and the
potential for the endorsement of multiple categories
including White, African American, Asian, American
Indian and a single question assessing Hispanic eth-
nicity. Poverty status for each adolescent was coded
as a dichotomous variable based on whether the ado-
lescent’s mother or father was currently on public
assistance.

Baseline alcohol use was assessed with the ques-
tion, “Did you ever drink beer, wine or liquor when
you were not with your parents or other adults in your
family?” Similar dichotomous variables were created
for the presence or absence of marijuana and cocaine
use. Variables representing alcohol problems in the
past 12 months were created as a frequency count
based on dichotomizing to the presence or absence of
problems that adolescents indicated were associated
with drinking (i.e. trouble with parents, problems with
school or schoolwork, problems with friends, prob-
lems with someone the adolescent is dating, regretting
participation in a sexual situation and getting into one
or more physical fights). For adolescents who at base-
line had smoked at least one cigarette, variables indi-
cating smoking quantity and frequency over the past
30 days were also created. Frequency indicated the
number of days smoked during the past 30 days and
quantity indicated the number of cigarettes smoked
per day over the same time period.

Emotional and behavioral indices included
continuous measures developed by Resnick and
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colleagues (Resnick et al., 1997). Deviance included
11 items assessing the presence and frequency (0 =
never, 1 = 1 or 2 times, 2 = 3 or 4 times, and 3 =5
or more times) of past year behaviors regarding van-
dalism, other property damage, lying, stealing, run-
ning away, driving without permission, selling drugs,
and skipping school. Employing an identical rating
scale, violence included eight items assessing physi-
cal fighting, pulling a knife or gun on another indi-
vidual, shooting or stabbing someone, hurting some-
one badly enough to require bandages or professional
care, threatening or using a weapon to get some-
thing from someone, group violence, and the use of a
weapon in a fight during the past year. Further, a de-
pression scale included 17 items assessing past week
symptoms of negative emotionality and a self-esteem
scale included 10 items addressing a positive personal
and physical self-image (Resnick et al., 1997). Similar
continuous measures of family environment included
parental presence (frequency with which a parent is
home when the adolescent leaves for school, returns
from school and goes to bed), parent—child activities
(number of activities with parents in the past 4 weeks),
and family connectedness (13 items assessing the ado-
lescent’s relationship with and feelings toward parents
and family members; Resnick et al., 1997). An addi-
tional dichotomous variable indicating the accessibil-
ity of cigarettes was also included based on the ques-
tion “Are cigarettes easily available to you in your
home?”

School constructs included expulsion (“Have you
ever been expelled from school?”) school connected-
ness (8 items assessing the adolescent’s relationship
with teachers and peers and perceptions of school at-
mosphere) and an approximate Grade Point Average
calculated on a 4.0 scale according to the adolescent’s
reported performance in up to four school subjects.
Finally, peer smoking was included as a count from
0 to 3 based on the question “Of your 3 best friends,
how many smoke more than one cigarette per day?”

Statistical Approach

First, bivariate analyses were conducted for each
predictor variable with regard to the three paired
outcome comparisons defined above (chi-square and
ANOVA for categorical and continuous variables, re-
spectively). Next, Classification and Regression Tree
(CART) analyses were performed to test linear and
nonlinear relationships among the predictor vari-
ables. CART represents a nonparametric analytic
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technique that makes binary splits in a sample that
separates the subjects into the purest high-risk and
low-risk subgroups with respect to the outcome. All
possible separations (categorical) or cutpoints (con-
tinuous) are tested by comparing the chi-square statis-
tic in relation to the outcome (Breiman et al., 1984).
If a variable such as age (i.e. a continuous variable)
is considered, 12 distinct ages ranging from 11 to 22
years were recorded in the data set, and therefore,
the entire sample may be split in 11 different ways.
Each of these 11 possible splits is then tested accord-
ing to which separates the subjects into the purest
possible high-risk and low-risk subgroups (Zhang &
Bracken, 1996). CART generates a decision tree in
which each of the variables in the model is assessed at
each decision point including the variables on which
the previous splits were made. This analytic tool was
selected because it is particularly suited to an exam-
ination of subgroups in that the models potentially
generate multiple discrete groups with high or low
proportions of individuals with the outcome of inter-
est. For the present analyses, various available “good-
ness of split” criteria were used including Gini, Sys-
tematic Gini, Twoing, and Power Modified Twoing.

Following the initial growing of the tree, a cross-
validation procedure was used to protect against an
overfit model by using arandom subset of the data and
retaining “branches” of the tree that improve the cor-
rect classification rate (Breiman et al., 1984). Briefly,
CART divides the data into learning and test subsam-
ples. The learning sample is used to grow an overly
large tree, while the test sample is then used to es-
timate the rate at which cases are misclassified. The
misclassification rate is calculated for every sized tree
and the selected subtree represents the lowest prob-
ability of misclassification (Steinberg & Colla, 1995).
Following the creation of the classification tree, in-
dividual sensitivities (true positive rates) and speci-
ficities (true negative rates) were calculated for the
overall model and for individual branches to deter-
mine the contribution of each risk factor or in the
case of complex branching, constellation of factors, in
accurately classifying cases. Classification tree models
were further investigated through traditional logistic
regression analyses.

Because of the fact that CART attempts to max-
imize sensitivity and specificity with the simplest tree
structure, it is possible for variables that do not repre-
sent primary splits in the model to be of notable impor-
tance in the prediction of outcome. When variables
are for example highly correlated or provide simi-
lar information (e.g. mother’s education and father’s
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education; Steinberg & Colla, 1995), only one is likely
to be selected for the model. The absence of the alter-
nate variable from the model does not then suggest
that it is unimportant, but rather that it is “masked”
by the other. To handle this phenomenon of mask-
ing, an importance measure was also calculated for
each variable that was not selected as a primary pre-
dictor. The importance measure reflects the improve-
ment that would be attributable to each variable in its
role as a surrogate to the primary split. The values of
these improvements are summed over each node and
totaled, and are scaled relative to the best performing
variable (Steinberg & Colla, 1995). The variable with
the highest sum of improvements is scored 100, and all
other variables will have lower scores ranging down-
ward to zero. In short, the importance score measures
avariable’s ability to mimic the chosen tree and to play
the role as stand-in for variables appearing as primary
splits. To evaluate masking in the present models, vari-
ables with importance scores ranging from 15 to 100
are presented.

RESULTS

Of those adolescents who were nonsmokers at
baseline (n = 5, 401), 1,068 (17 % ) had initiated smok-
ing prior to the second survey. Of those who had
initiated by follow-up, 847 (79%) remained at the
experimental level, while the remaining 221 (21%)
rapidly progressed to regular smoking. Among base-
line experimenters who continued smoking during the
period proceeding the follow-up survey (n = 2,980),
2,148 (72%) remained experimental smokers, while
832 (28%) progressed to regular smoking. Table 1
presents the bivariate associations between baseline
characteristics and change in smoking status. Bonfer-
oni adjustment (Westfall et al., 1999) of the p value
for the evaluation of these multiple comparisons is
p < .002.

Nonsmoking to Experimentation

Chi-square analyses for categorical variables and
Analysis of Variance for continuous variables yielded
the following differences: First, compared with ado-
lescents who remained nonsmokers at follow-up,
those who progressed to experimentation were older,
F(1, 6246) = 12.9, p < .0003, and exhibited more
substance use and related symptoms including alco-
hol use without supervision (x> = 60.0, df = 1, p <
.0001), marijuana use (x> = 43.8,df =1, p < .0001),
and one or more problems associated with alcohol use
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(x? =28.9,df=1, p < .0001). Further, experimenters
reported more violence, F(1,6238) =40.6, p < .0001,
deviance, F(1, 6238) = 71.6, p < .0001, and depres-
sion, F(1, 6243) = 11.2, p < .0008, than their non-
smoking counterparts and were more likely to have
cigarettes easily available in their home (x? = 12.1,
df = 1, p <.0005). In relation to school, experi-
menters were found to have more smoking friends,
F(1,6147) = 40.1, p < .0001, a lower grade point av-
erage, F(1,6106) =16.7, p < .0001, and less connect-
edness toschool, F(1,6183)=26.3, p < .0001; Table 1.

Next, baseline variables were included as pos-
sible contributors to a CART model evaluating
smoking experimentation at follow-up (Fig. 1). Each
pentagon represents a decision point. For each deci-
sion point, the predictor variable and cut point are
presented. Final groups with high and low outcome
probability are represented by rectangles in the fig-
ure and include outcome frequencies and percent-
ages. Shaded rectangles represent subgroups with rel-
atively high rates of smoking, nonshaded rectangles,
relatively low rates.

The deviance score was the first variable to sepa-
rate the sample into two subgroups. Adolescents with
a baseline deviance score greater than 0.112 (Sam-
ple range 0-2.8; M = 0.13, SD = 0.209) were more
likely to have progressed to smoking experimenta-
tion compared to adolescents not meeting this cutoff
(18.6% vs. 11.2%). Because the deviance score repre-
sents the average of behavioral frequency across the
11 deviance items, for descriptive purposes, the aver-
age number of symptoms endorsed by this group was
also examined. Adolescents with a deviance score of
greater than 0.112 reported an average of 2.5 (SD =
1.43) deviant behaviors, with 80% of the sample re-
porting two or more, and only 18% reporting more
than three.

Of the adolescents with deviance scores less than
or equal to 0.112, a further subdivision was made
with the dichotomous variable of alcohol use without
supervision. Adolescents who reported having used
alcohol without supervision at baseline were more
likely to have proceeded to smoking experimentation
at follow-up compared to those who did not (21.1%
vs. 10.3%). The total CART model classified 63% of
the sample correctly, 52% of experimenters (sensitiv-
ity) and 65% of nonsmokers (specificity). Sensitivity
calculated for each branch separately revealed that
the deviance branch identified 44 % of experimenters,
while the alcohol branch identified the additional 8%.
The evaluation of variable importance for predictors
not included in the present model revealed marijuana
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Cases
Yes =847 (13.6%)
No =5401 (86.4%)

Deviance
<0.112 >0.112

Cases
Yes=372 (18.6%)
No =1627 (81.4%)

Alcohol use
without
supervision

Cases Cases
Yes=405 (10.3%) Yes=70 (21.1%)
No = 3512 (89.7%) No =262 (78.9%)

Fig. 1. Classification tree (N = 6,248) for progression to experi-
mental smoking at follow-up.

use (Importance score = 43.9) and problems asso-
ciated with alcohol use (Importance score = 32.9)
to be the closest competitors. Neither, however, sub-
stantially increased the predictive value of the model
when variables represented primary splits were re-
moved from the model. Further, deviance and alco-
hol use without permission remained primary splits
when various “goodness of split” criteria were imple-
mented.

Next, logisticregression analyses were used to ex-
amine differences between cases (true positives) from
each branch of the model (i.e. the deviance type smok-
ing experimenters vs. the alcohol type smoking experi-
menters). All predictor variables with the exception of
alcohol use without supervision and deviance scores
were included in the model (Table 2). Deviant type
smoking experimenters were found to differ from the
alcohol type smoking experimenters in that the de-
viant group exhibited more symptoms of depression
[OR = 3.2: CI (1.06-9.45), unadjusted: M = 0.6, SD
= 0.37 vs. M =0.4, SD = 0.34], had a lower GPA
[OR = 0.4: CI (0.27-0.72), unadjusted: M = 2.8, SD
=0.75 vs. M =3.1, SD = 0.67] and were less likely
to be African American [OR = 0.1: CI (0.04-0.59),
unadjusted rates: 22% vs. 31%].

Nonsmoking to Regular Smoking

The next set of analyses focused on differences
between nonsmokers at baseline who progressed
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rapidly to regular smoking at follow-up versus those
who increased their smoking only to experimental lev-
els. On the basis of chi-square and Analysis of Vari-
ance, rapid escalators were more often male (x> =
142, df = 1, p < .0002), more likely at baseline to
have used marijuana (x> = 43.8, df = 1, p < .0001),
exhibited more violence, F(1, 1066) = 10.6, p < .001,
and deviance, F(1,1065) =20.5, p < .001, shown less
connectedness to family, F(1,1066) =13.7, p < .0002,
and school, F(1, 1050) = 17.4, p < .0001, reported a
lower GPA, F(1, 1043) = 25.5, p < .0001, and more
smoking friends, F(1, 1044) = 71.5, p < .0001, com-
pared to experimenters (Table 1).

The CART model examining rapid escalation to
regular smoking split the sample on friends’ smok-
ing for the initial branching (Fig. 2). Lower rates of
regular smoking were observed among adolescents
with two or fewer smoking friends at baseline com-
pared to adolescents reporting that all three of their
best friends smoked more than one cigarette per day
(17.1% vs. 57.5%). Among adolescents with two or
fewer smoking friends, a second split in the model
was made. Higher rates of regular smoking were seen
among adolescents with a grade point average less
than or equal to 2.7 compared to those with a higher
grade point average (24.1% vs. 13.3%). The overall
model classified 61% of the sample correctly, 65%
of regular smokers (sensitivity) and 59% of experi-
menters. Sensitivity calculated for each branch sep-
arately revealed that the friends’ smoking branch
identified 21% of regular smokers, while the GPA
branch identified 44%. The further evaluation of vari-
able importance for predictors not included in this
model revealed only school connectedness as a distant
competitor (Importance score = 23.6). Again, friend
smoking and grade point average remained primary
splits when various “goodness of split” criteria were
implemented.

Multivariate logistic regression analyses used to
examine differences between cases (true positives)
from each branch of the model revealed that smok-
ing friend type rapid escalators were more likely at
baseline to have used marijuana [OR = 5.7: CI (1.63-
20.12), unadjusted rates: 52.2% vs. 15.8% ] and to have
had one or more problems associated with alcohol use
[OR = 5.8: CI (1.48-22.55), unadjusted rates: 39.1%
vs. 9.9%; Table 2].

Experimentation to Regular Smoking

When attempting to predict regular smok-
ing among adolescents who were experimenters at
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Table 2. Logistic Regression Analyses Comparing True Positive Cases Within Each Branch of the Classification Models

Deviant type

experimenters (n = 372)

vs. Alcohol type

experimenters (n = 70)

Friend type
rapid escalators (n = 46)
vs. GPA type rapid
escalators (n = 98)

Frequency type
regular smokers (n = 227)
vs. Friend type
regular smokers (n = 374)

OR CI OR CI OR CI
Gender (% female) 0.9 0.45-1.66 0.8 0.26-2.53 0.8 0.46-1.23
Age: M (SD) 0.9 0.75-1.12 0.9 0.64-1.23 1.0 0.81-1.11
Poverty (%) 1.6 0.46-5.29 0.5 0.13-1.71 1.19 0.56-2.52
Race/Ethnicity
White (%) 0.4 0.11-1.39 2.8 0.5-16.04 2.7 1.09-6.69
African American (%) 0.1+ 0.04-0.59 0.7 0.08-5.35 1.7 0.57-4.78
American Indian (%) 0.8 0.16-4.54 0.7 0.10-4.86 0.6 0.15-2.07
Asian (%) 0.8 0.18-3.16 9.4 0.41-215.7 22 0.71-6.82
Hispanic Ethnicity (%) 1.4 0.53-3.93 1.16 0.31-4.43 0.8 0.4-1.66
Substance use
Smoking frequency — — — — 2.6 2.12-3.20
Alcohol use w/o permission — — 1.0 0.28-3.34 0.7 0.39-1.15
Alcohol problems (>1) (%) 1.2 0.49-2.74 5.8 1.48-22.55 1.3 0.87-2.22
Marijuana use (%) 0.6 0.25-1.34 5.73* 1.63-20.12 2.2* 1.35-3.70
Cocaine use (%) 0.3 0.02-4.52 0.5 0.06-4.92 0.3 0.09-1.20
Emotional and behavioral
Violence 35 0.90-13.28 3.0 0.64-14.28 0.4* 0.17-0.75
Deviance — — 0.4 0.08-2.22 3.7 1.70-8.21
Depression 3.2* 1.06-9.45 29 0.61-13.59 1.0 0.54-1.82
Self-esteem 0.9 0.43-1.81 1.7 0.63-4.90 1.0 0.61-1.64
Family
Cigarettes available (%) 1.1 0.52-2.17 1.9 0.73-5.21 0.8 0.49-1.28
Family connectedness 0.9 0.75-1.06 1.0 0.83-1.18 1.0 0.88-1.08
Parent activities 1.0 0.89-1.07 1.0 0.87-1.18 1.0 0.93-1.07
Parental presence 1.0 0.87-1.17 1.0 0.82-1.12 1.1 0.98-1.27
School
History of expulsion (>1) 4.3 0.47-39.60 1.4 0.25-7.62 1.7 0.57-5.17
GPA 0.4+ 0.27-0.72 — — 1.2 0.80-1.65
School connectedness 0.9 0.50-1.71 1.0 0.50-2.26 1.1 0.70-1.67
Friends smoking 0.8 0.57-1.19 — — —

*p < .05,*p < .01

baseline versus those who continued smoking at an
experimental level, quantity and frequency of base-
line smoking were also evaluated, based on previ-
ous research that has implicated past smoking behav-
iors as the most potent predictor of future smoking
behaviors. The comparison between regular and ex-
perimental smokers revealed a total of 14 significant
bivariate associations (Table 1). Regular smokers at
follow-up were more likely to be White (x? = 14.9,
df=1, p < .0001), less likely to be African American
(x> =14.9,df =1, p < .0002), and to have smoked
both more, F(1,2952) =83.0, p < .0001, and more of-
ten, F(1,2150) = 142.4, p < .0001, in the past month
at the baseline assessment than experimental smok-
ers. Regular smokers were also more likely to re-
port one or more associated problems with alcohol
use (x> = 18.5,df =1, p < .0001). Furthermore, they
were more likely to use marijuana (x> = 18.1, df =

1, p <.0001), as well as to exhibit more violence,
F(1,2974) =24.2, p < .0001, deviance, F(1,2977) =
28.8, p < .0001, and depression, F(1, 2977) = 27.0,
p < .0001, then experimental smokers. Finally, reg-
ular smokers were found to report lower self-esteem
F(1,2977) =24.8, p < .0001, lower school, F(1,2934)
= 28.3, p < .0001, and family connectedness, F(1,
2978) = 21.2, p < .0001), a lower GPA, F(1,2919) =
32.9, p < .0001, as well as more smoking friends, F(1,
2943) = 142.2, p < .0001, than their experimental
counterparts.

Notably, the final CART analysis revealed the
same number of subgroups as previous models
(Fig. 3). However, smoking frequency (>4 1/2 days
smoking in past 30) was the first split followed by
friend’s smoking (1 to 3 smoking friends). Adoles-
cents reporting baseline smoking at least 4 15 days
out of the past 30 were more likely to have progressed
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Cases
Yes =221 (79.3%)
No =847 (20.7%)

Friend

=2 Smoki .
smoking moxing smoking
friends friends

Cases
Yes=46 (57.5%)
No =34 (42.5%)

Grade
Point
Average

>2.7

Cases Cases
Yes=98 (24.1%) Yes=77 (13.3%)
No =309 (75.9%) No =504 (86.7%)

Fig. 2. Classification tree (N = 1,068) for progression to experi-
mental smoking at follow-up.

to regular smoking compared to adolescents smoking
fewer than 41/ days (53.5% vs.23.4%). For the adoles-
cents smoking fewer than 4 1/, days in the past 30, hav-
ing one or more smoking friends at baseline increased
their risk of becoming regular smokers at follow-up
compared to those with no smoking friends (32.0% vs.
16.3%). The model classified 59% of the sample cor-
rectly, 72% of regular smokers (sensitivity) and 54 %
of experimenters (specificity). Sensitivity calculated

Cases
Yes =832 (27.9%)
No =2148 (72.1%)

>4

<4 Smoking d ¢
days of Frequency S;le(ii .,
smoking Ioast 38’
/past 30 P

Cases
Yes=227 (53.9%)
No = 194 (46.1%)

Friend

0 Smoking 1to3
smoking]| smoking
friends friends

Cases Cases
Yes=231 (16.5%) Yes=374 (32.2%)
No = 1166 (83.5%) No =788 (67.8%)

Fig. 3. Classification tree (N = 2,980) for progression to experi-
mental smoking at follow-up.
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for each branch separately revealed that the smoking
frequency branch identified 27% of regular smokers,
while the friend’s smoking branch identified 45%. The
evaluation of variable importance for predictors not
included in this final model revealed smoking quantity
(Importance score = 78.7) and school connectedness
(Importance score = 15.8) to be the closest competi-
tors. When smoking frequency was removed from the
list of predictors, the primary split in the model be-
came smoking friends, and the resulting model, while
showing comparable sensitivity and specificity was
also much more complex than that including smok-
ing frequency. Again, smoking frequency and friends’
smoking remained primary splits when various “good-
ness of split” criteria were tested.

Logistic regression analyses used to examine dif-
ferences between true cases from each branch showed
that high frequency type regular smokers smoked at
baseline in higher quantities [OR = 2.6: CI (2.12-
3.20), unadjusted: M =4.1 SD = 6.30 vs. M =0.6
SD = 1.27], were less violent [OR = 0.4: CI (0.17-
0.75), not demonstrated in unadjusted means] and
more deviant [OR = 3.7: CI (1.70-8.21), unadjusted:
M=0.58D =042 vs. M =0.3 SD = 0.36] than the
smoking friend type regular smokers. Further, the
high frequency type was more likely to be White
[OR = 2.7: CI (1.09-6.69), unadjusted rates: 77.4%
vs. 71.9%] and more likely to have smoked marijuana
[OR =2.2: CI (1.35-3.70), unadjusted rates: 59.5% vs.
35.8%].

DISCUSSION

This study employed longitudinal data from a
large sample of adolescents to investigate the pres-
ence of population subgroups with increased risk for
progression to different smoking stages. Overall, re-
sults indicated general success in sensitively identify-
ing escalation to experimental and regular smoking
over the 1-year assessment period. For each level of
smoking, a relatively simple model including two sub-
groups predicted over half of the smoking cases and
these two-group models identified higher rates of reg-
ular smokers compared to experimental smokers.

Nonsmoking to Experimentation

Over half of the adolescents who proceeded
to smoking experimentation by follow-up were
correctly classified based on the creation of two risk
groups defined by deviant behavior and unsupervised
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alcohol use. The presence of deviance, most often in-
cluding the endorsement of only two or three related
behaviors, identified a remarkable 44% of smoking
experimenters. This finding strongly suggests that
even relatively low levels of deviant behavior confer
an important increase in risk, thus adding to abundant
evidence suggesting the prominent role of deviant be-
havior in the etiology of smoking (Brown et al., 1996;
Griesler & Kandel, 1998; Sieber & Angst, 1990) and
supporting a general construct of problem behaviors,
a theory extensively discussed in previous literature
(Jessor & Jessor, 1977). Although deviant behavior
has commonly been used to target youth for interven-
tion, predominantly, these programs have focused on
younger children as well as those exhibiting higher
thresholds of deviant behavior. (Conduct Problems
Prevention Research Group, 2000; The Fast Track
Program, 1992). The present findings suggest that
adolescents engaging in these relatively low levels of
deviant behavior (i.e. levels that classify 1/3 of the pop-
ulation of baseline nonsmokers) represent an impor-
tant target for intervention efforts aimed at prevent-
ing smoking onset and escalation among nonsmokers.

The addition of the alcohol type risk group for
smoking experimentation (i.e. unsupervised alcohol
use and very little or no deviant behavior) correctly
classified a further 8% of smoking experimenters.
The identification of an alcohol use group, separate
from those exhibiting the well-articulated deviant be-
havior syndrome suggests the presence of a more
behaviorally normative group of adolescents at sub-
stantial risk for smoking experimentation. Aside from
exhibiting few or no other externalizing symptoms,
alcohol type smokers were also found to enjoy gener-
ally higher functioning, based on better school perfor-
mance and fewer symptoms of depression, compared
to the deviant type smokers. It is possible that this
group will be less likely to continue in their escalation
of smoking behaviors and would not be represented
in subgroup analyses focusing on higher levels of use.

Indeed, the difference in depression scores be-
tween deviant type smokers and alcohol type smokers
did not provide direct support for the “dual pathway”
to substance use hypothesis through depression and
other internalizing symptoms on the one hand and
deviant behavior on the other (Cloninger et al., 1981,
1988; Rohde et al., 1991, 1996; Zucker, 1994). Rather,
while the present study may confirm that depression
confers an increased risk of smoking behavior mainly
in the presence of comorbid deviance (Miller-Johnson
et al., 1998), the need for more direct empirical at-
tention to the dual pathways hypothesis is also im-
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plicated. That is, complications regarding the charac-
terization of depression (i.e. as a diagnostic entity or
continuum of symptoms), and the lack of assessment
periods that encompass the entire age of risk for ini-
tiation and progression limit our ability to provide
adequate evidence on this topic. For example, there is
retrospective evidence to suggest that the depression
pathway is one that is largely followed in later onset
substance users (Cloninger et al., 1988; Zucker, 1994).
Its emergence in pattern-centered analyses may re-
quire the inclusion of prospective measurement into
young adulthood.

Finally, the alcohol type smoking experimenters
were also more likely to be African American, com-
pared to their deviant type counterparts. In recent
years, the possibility that different racial or ethnic
groups may travel along distinct pathways to and
through smoking stages has been given substantial
and focused attention (Alexander et al., 1999; Botvin
etal.,1992; Headen et al., 1991; Robinson et al., 1997).
This issue has been of particular interest for smok-
ing researchers based on the consistently higher rates
of smoking among White compared to Black adoles-
cents (Feigelman & Lee, 1995), in contrast to higher
rates of smoking related illness among Black adults
(USDHHS, 1998). However, differences in rates of
African American youth between the deviant and
alcohol types smokers, while significant, were not
substantial (22% vs. 31%). Furthermore, previous
research has clearly demonstrated deviant behavior
to be a prominent risk factor for smoking among
both Black and White adolescents (USDHHS, 1994).
Clearly, racial and ethnic factors will remain a critical
consideration in future research.

Nonsmoking to Regular Smoking

In an attempt to predict relatively rapid esca-
lation to regular smoking, analyses were conducted
comparing regular smokers to experimental smokers
at follow-up who had been nonsmokers at baseline.
The largest proportion of rapid regular smokers were
captured by the criterion of a relatively low grade
point average (i.e. lower than B) among youth with
two or fewer smoking friends at baseline. Again, this
single branch of the model identified a striking 44 % of
regular smokers. Further, having three or more smok-
ing friends at baseline identified an additional 21%
of rapid regular smokers. Taken together, these re-
sults confirm previous findings implicating exposure
to other smokers and reported school performance as
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two of the strongest predictors of established smoking
patterns (Boyle et al., 1993; Choi et al., 1997) and also
expand on this work by defining separate subgroups
at high risk for rapid escalation to regular smoking.

The further consideration of factors that distin-
guish between rapid regular smokers within these two
subgroups demonstrated that regular smokers who
had at least three smoking friends at baseline were
also more likely to have used marijuana and to ex-
hibit one or more problems associated with alcohol
use compared to the regular smokers defined by rela-
tively poor school performance. Thus, it is likely that
the smoking friends type regular smoker experiences
elevated risk for smoking through shared beliefs, val-
ues, and behaviors regarding multiple forms of drug
use within their peer cluster, as described by one of
the leading theories in the drug use literature (Oetting
& Beauvais, 1987). Notably, the measurement of peer
smoking included a respondent-report assessment of
the number of friends engaging in regular smoking
rather than experimental use.

Experimentation to Regular Smoking

Nearly three quarters of adolescents who pro-
gressed from experimental smoking to regular smok-
ing during the study’s 1-year assessment period were
identified based on the creation of two population
subgroups: (1) Smoking more than 4 15 days during
the 30 days prior to baseline and (2) Smoking 4 1/
days or fewer over those 30 days, and reporting at least
one smoking friend. Again, almost half of the regu-
lar smokers were accurately classified by the smoking
friends’ branch of the model, showing that even infre-
quent experimentation in the context of peer smoking
puts youth at increased risk for established smoking
patterns (Pierce et al., 1996). Clearly, these potentially
“weekend only” smokers remain important targets
for prevention and may again, represent youth that
escalate to regular smoking through forces inherent
in the peer cluster (Oetting & Beauvais, 1986).

Although the higher frequency smoking group
identified only 27 % of regular smokers, it also brought
with it a substantially lower false positive rate, in
that over half (58%) of the higher frequency smok-
ers at baseline had become regular smokers within
1 year. This group seems most consistent with pre-
vious work showing that established experimenters
have the highest risk for progressing to regular smok-
ing (Choi et al., 1997). In that the high frequency type
smoker could also be distinguished from the smoking
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friend type through higher quantities of smoking at
baseline, more deviance, and a higher likelihood of
marijuana use, this group likely represents youth who
will require intervention that focuses on a range of
problem behaviors. More extensive longitudinal re-
search is needed to determine whether these high
frequency type smokers best represent those youth
whose experimental smoking stage can be character-
ized by deviant behavior, thus adding to our ability to
hypothesize smoking pathways.

Strengths and Limitations

The strengths of Add Health for addressing the
present research questions are numerous. First, Add
Health included an extremely large sample embody-
ing the most informative age group for the mapping of
change in smoking progression. Second, Add Health
included the assessment of an extremely wide array
of individual and contextual factors believed to play
arole in smoking etiology. Third, the longitudinal de-
sign and measurement of smoking stages based on
quantity and frequency of use allowed for an evalua-
tion of factors associated with movement to separate
stages of smoking behavior. Similar to previous work,
the present findings suggested that in fact, primary
risk factors may differ for predicting smoking initia-
tion, maintenance, and movement to established lev-
els of use (Ary & Biglan, 1988; Harrell et al., 1998). Fi-
nally, various racial/ethnic groups were oversampled
(as well as disabled adolescents and sibling pairs) al-
lowing for increased power to detect the possibility
of important differences based on ethnicity. Because
a nationally representative sample may mask char-
acteristics of poorly represented groups, the choice
to use the unweighted sample improved our ability
to address the present research questions. It must be
noted however, that this strength also brings with it
an important caution about the generalizability of the
present results. That is, while subgroups have been
identified within a large group of adolescents sam-
pled across the United States, the clustered nature
of the sampling approach and the oversampling of
special groups of interest also mean that the results
should not be construed as nationally representative
estimates.

This study also drew its strength from the use of
a pattern oriented analytic procedure to discover fac-
tors associated with smoking risk (Bates, 2000). Clas-
sification and regression tree modeling was selected
due to its potential to fit numerous interactions that
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cannot be handled as efficiently in regression analy-
ses, as well as its data-driven nature creating decision
points yielding groups with low or high probability
on the outcome of interest. In that CART model-
ing assumes that the nature of variables are basi-
cally binary, it is possible that further complexities
are present in the data that are not explored by the
binary structure. Thus, while CART remains a use-
ful approach for investigating the presence of sub-
groups within the population, other pattern-centered
approaches should also be considered in future
research.

The present study did evaluate a wide array of po-
tential predictors associated with smoking, yet, as is
always the case in risk research, additional factors that
have been identified in the literature were not exam-
ined and should be included in future research efforts.
For example, parental smoking was excluded from the
analyses due to the incomplete measurement of this
construct. That is, while the parent participating in
the home-based interview was asked a single question
about smoking behavior, the variety of potential re-
spondents as well as the marked lack of father report
made this variable comparably weak. This method-
ologic issue, coupled with accumulating evidence that
parental smoking has only small or nonsignificant ef-
fects on offspring smoking (Conrad et al., 1992; Tyas
& Pederson, 1998), particularly when more influen-
tial factors like peer smoking are included in analytic
models (Ary & Biglan, 1988; Mittelmark et al., 1987),
supports our exclusion of this variable in the current
paper.

Although a large survey such as Add Health
presents an opportunity to examine diverse con-
structs, the measurement of those constructs is also
commonly limited to brief scales or single-item indica-
tors that do not necessarily represent the most reliable
and valid options. This should be considered when in-
terpreting the present findings. Further, it should be
noted that statistically significant findings at the bi-
variate level were often small and not necessarily sug-
gestive of clinically meaningful differences. Overall
patterns were consistent with previous literature and
are provided as descriptive information for the evalu-
ation of the classification models. Finally, the decision
to analyze transitions related to smoking progression
necessitated using a portion of the Add Health data.
Thus, related to progression, adolescents who were
already regular smokers at baseline were not evalu-
ated for their smoking risk. This subsample may rep-
resent a group of very early starters or simply a co-
hort (i.e. regular prior to 1994-95). An exploratory
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multivariate logistic regression comparing this group
(regular smokers at baseline) with regular smokers
from follow-up who had not reached this status at
baseline was conducted. Results suggest that regular
smokers at baseline may in fact be a unique group as
they were found to be older, more likely to be Cau-
casian, reporting a lower GPA and higher rates of
substance use than the those who did not reach their
regular smoking status until follow-up. Our findings
cannot be generalized to this group whom will require
broader longitudinal inquiry.

Implications

Significant efforts in longitudinal risk research
have been undertaken in recent years based on the
belief that an understanding of processes involved in
substance use initiation and escalation will provide
the ground work for developing effective and cost-
efficient prevention strategies. Although the present
findings have not provided conclusive evidence re-
garding prevention program targets or content, they
have added substantially to basic etiologic work by
identifying factors that classify the majority of positive
cases for experimentation and regular use, the charac-
terization of which may provide clues into the major
mechanisms at work for different groups of adoles-
cent smokers. Although the present models did not
demonstrate, as predicted, complex constellations of
decision points, an outcome that in some ways would
have been more consistent with our concept of “path-
ways,” the resulting subgroups likely represent impor-
tant variable combinations in need of more careful
longitudinal study. Moreover, the fact that different
rather than identical subgroups were identified for
each stage of smoking, even when starting at the same
level of use (i.e. nonsmokingp; Figs. 1 and 2) or ending
with the same level of use (i.e. regular use; Figs. 2 and
3) demonstrates that our pursuit of pathways may be
somewhat complicated and that our demonstration
of risk patterns, possibly the first step toward defining
pathways, will likely differ based on the speed with
which smoking behaviors escalate. Factors that dis-
criminate the population subgroups for the various
stages of smoking should be considered in the gener-
ation of hypotheses regarding the processes that lead
to substance use or its escalation.

Although this study did confirm the presence of
relatively parsimonious subgroups within the popula-
tion, the present models did not accurately identify
many experimental and regular smokers. Ideally,
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prospective assessment procedures could be devel-
oped that more sensitively identify youth that will
engage in smoking while reducing the rate of false
alarms. Universal prevention efforts achieve the first
goal in that population-intended prevention initia-
tives necessarily include all future smokers (i.e. 100%
sensitivity). The content of these programs, though,
require substantial resources, the vast majority of
which are aimed at youth that will not engage in the
target behavior (i.e. 0% specificity). The emphasis on
sensitivity estimates in the present study (i.e. the true
positive rate) reflects the relatively acceptable trade-
off between sensitivity and specificity among prog-
nostic tests in which false positives (i.e. youth who
test positive, but do not exhibit the behavior prospec-
tively) are more acceptable than false negatives (i.e.
youth who will develop the behavior, but are missed
by testing; for review of test evaluation see Kraemer,
1992).
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