RESEARCH ARTICLE

Beyond experimentation: Five trajectories of
cigarette smoking in a longitudinal sample of
youth
Lauren M. Dutra1,2☯, Stanton A. Glantz1,3☯*, Nadra E. Lisha1, Anna V. Song4☯

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

1 Center for Tobacco Control Research and Education, University of California, San Francisco, California,
United States of America, 2 Center for Health Policy Science and Tobacco Research, RTI International,
Berkeley, California, United States of America, 3 Department of Medicine, University of California, San
Francisco, California, United States of America, 4 Psychological Sciences, Health Sciences Research
Institute, University of California, Merced, California, United States of America
☯ These authors contributed equally to this work.
* glantz@medicine.ucsf.edu

Abstract
OPEN ACCESS
Citation: Dutra LM, Glantz SA, Lisha NE, Song AV
(2017) Beyond experimentation: Five trajectories of
cigarette smoking in a longitudinal sample of
youth. PLoS ONE 12(2): e0171808. doi:10.1371/
journal.pone.0171808
Editor: Olga Y Gorlova, Dartmouth College Geisel
School of Medicine, UNITED STATES
Received: May 25, 2016
Accepted: January 26, 2017
Published: February 9, 2017
Copyright: © 2017 Dutra et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
Data availability statement: All relevant data are
within the paper and its Supporting Information
files.
Funding: This research was supported by R01 CA060121 (Drs. Glantz and Song), R25CA-113710
and P50CA180890 (Dr. Dutra), 1U01CA154240
(Dr. Lisha) from the National Institutes of Health
and Food and Drug Administration Center for
Tobacco Products. The content is solely the
responsibility of the authors and does not
necessarily represent the official views of the
National Institutes of Health or the US FDA. This

The first goal of this study was to identify the most appropriate measure of cigarette smoking
for identifying unique smoking trajectories among adolescents; the second goal was to
describe the resulting trajectories and their characteristics. Using 15 annual waves of smoking data in the National Longitudinal Survey of Youth 1997 (NLSY97), we conducted an
exploratory latent class growth analysis to determine the best of four outcome variables for
yearly smoking (cigarettes per day on days smoked, days smoked per month, mean cigarettes per day, and total cigarettes per month) among individuals aged 12 to 30 (n = 8,791).
Days smoked per month was the best outcome variable for identifying unique longitudinal
trajectories of smoking and characteristics of these trajectories that could be used to target
different types of smokers for prevention and cessation. Objective statistics were used to
identify four trajectories in addition to never smokers (34.1%): experimenters (13.6%), quitters (8.1%), early established smokers (39.0%), and late escalators (5.2%). We identified a
quitter and late escalator class not identified in the only other comparable latent class growth
analysis. Logistic regressions were used to identify the characteristics of individuals in each
trajectory. Compared with never smokers, all trajectories except late escalators were less
likely to be black; experimenters were more likely to be out of school and unemployed and
drink alcohol in adolescence; quitters were more likely to have a mother with a high school
degree/GED or higher (versus none) and to use substances in adolescence and less likely
to have ever married as a young adult; early established smokers were more likely to have a
mother with a high school diploma or GED, be out of school and unemployed, not live with
both parents, have used substances, be depressed, and have peers who smoked in adolescence and to have children as young adults and less likely to be Hispanic and to have ever
married as young adults; and late escalators were more likely to be Hispanic, drink alcohol,
and break rules in adolescence and less likely to have ever married as young adults.
Because of the number of waves of data analyzed, this analysis provided a clearer temporal
depiction of smoking behavior and more easily distinguishable smoking trajectories than
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previous analyses. Tobacco control interventions need to move beyond youth-focused
approaches to reach all smokers.
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Introduction
Tobacco-induced disease remains the leading preventable cause of death in the United States
[1], with minorities bearing a disproportionate burden of the disease burden [2]. Because 80%
of adult smokers begin smoking before age 18 [3], tobacco control efforts often focus on preventing adolescents from smoking their first cigarette. However, only one-third of youth who
experiment with cigarettes ever become regular smokers [3,4]. As a result, these programs
miss a key opportunity to prevent the transition from experimentation to established smoking,
which may occur in the mid-to-late 20s [5]. In combination with growing recognition that
young adulthood (ages 18 to 25) is a critical period of vulnerability [6], particularly due to significant life changes [3] such as starting college, separating smokers into different trajectories
(patterns of smoking) and identifying when escalation and de-escalation occurs can inform
efforts to prevent transition to regular smoking.
In addition to several regional U.S. latent class growth analyses of cigarette smoking dating
back to the 1980s [4,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29], three
national studies of the four-wave longitudinal AddHealth (years 0, 1, 5–6, and 13–14) demonstrated that multiple trajectories of smoking behavior exist [30,31,32]. Two of the national
analyses followed participants for the first three waves (to age 25) and identified five trajectories in addition to never smokers [30,32]. The third, by Fuemmeler et al. [31], used all four
waves to track smoking behavior into young adulthood (age 32) and identified four trajectories, in addition to never smokers. These national analyses identified characteristics that distinguished between trajectories, including alcohol or drug use, deviance, maternal smoking, peer
smoking, conduct problems, depressive symptoms, and state prevalence of adolescent smoking. (Covariates included gender, race/ethnicity, and parental education.) These studies did
not assess school enrollment status, which is essential to determining which types of smokers
are exposed to school-based prevention and cessation programs. These studies were limited to
four waves, with multiple years between assessments. In addition, these studies only examined
baseline predictors of membership in a given trajectory of smoking behavior. As a result, they
did not identify characteristics of high-risk smokers that could be used to target them in young
adulthood. The fact that they used two different measures of smoking (mean cigarettes per day
and total cigarettes per month) does not allow a decision to be made about the best measure of
smoking for assessing youth and young adult smoking behavior, which is typically lighter and
more intermittent than among established adult smokers [33,34]. This paper reports a model
building process using latent class growth analysis based on 15 years of annual data from the
National Longitudinal Survey of Youth 1997 (NLSY97) to determine the best measure of
smoking to identify distinct behavioral trajectories of smoking and differentiate between
youth and young adults who progress to established smoking and those who quit smoking. By
identifying these trajectories and the adolescent and young adult characteristics of those who
follow them, this is the first analysis that can be used to create targeted national public health
and clinical interventions for smoking prevention and early cessation that extend through
young adulthood.
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Materials and methods
Sample
The U.S. Bureau of Labor Statistics NLSY97 [35] began in 1997 with a sample of 8,984 youth
aged 12 to 16 and provides 15 years of annual data on smoking (ages 26 to 30 at wave 15). The
NLSY includes a nationally representative sample (n = 6,748) and an oversample of Hispanic/
Latino and black respondents (n = 2,236) divided into five cohorts based on age (12 to 16) on
December 31, 1996. Eighty-three percent (7,423 of 8,984) of those sampled in 1997 remained
in 2011.
The analysis, which is based on the unrestricted public use NLSY97 dataset, included the
8,791 (98%) NLSY97 respondents with at least three non-missing years of data for 30-day cigarette use because a minimum of three points is necessary for latent class growth analysis
(LCGA) [36]. All analyses used Bureau of Labor Statistics baseline weights [37] to adjust for
NLSY sampling techniques, including the oversample of racial/ethnic minorities. This is an
analysis of a de-identified dataset and was ruled exempt by the University of California San
Francisco Committee on Human Research.

Measures
Dependent variable: Smoking. Because there is no agreed upon measure of smoking for
latent class growth analyses of youth and young adult smoking [30,31,32] and in order to
determine the best distribution of the outcome data [38,39], we evaluated four smoking variables used in previous analyses: mean cigarettes smoked per day, cigarettes per day on the days
smoked, days smoked per month, and total cigarettes smoked per month [4,8,15,30,31,40,41].
Independent variables. Race/ethnicity, gender, socioeconomic status (SES), and employment/school enrollment status at age 16 were examined as predictors of trajectory membership. Age 16 was chosen for childhood variables (such as employment/school enrollment
status) because data were available for all respondents at this age and enrollment in school was
mandatory. Race/ethnicity was coded as non-Hispanic white, non-Hispanic black, Hispanic,
and non-Hispanic mixed race or non-Hispanic other. Gender was coded as male/female.
Household poverty status at age 16 and highest level of biological mother’s education were
used to measure childhood SES. Household poverty status was coded in relation to the previous year’s federal poverty line into four roughly equal categories (analyzed as continuous):
below poverty line (0), poverty line to 199%, greater than poverty line (1), 200%–299% of the
poverty line (2), and 300% or more of the poverty line (3). Biological mother’s highest education (assessed in 1997) was coded categorically as no degree (0), GED/high school degree (1),
undergraduate degree (associate/junior college or bachelor) (2), and graduate school or above
(masters, PhD, or professional degrees, such as MD or JD) (3). Employment/school enrollment status at age 16, included to reflect engagement, was categorically coded as enrolled in
school but unemployed (0), employed but not enrolled in school (1), enrolled in school and
employed (2), or neither employed nor enrolled in school (3). Age in 1997 was included in
growth models to adjust for cohort effects [42].
We also tested several individual and interpersonal variables that could not be coded by age
but were important to examine because they were included in previous LCGAs [30,31,32] of
the AddHealth dataset. Depression in 2000 was coded continuously by taking the mean of
responses to the five-question Mental Health Inventory adapted for use in the NLSY97 [43],
with higher values reflecting higher levels of depression. The questions, which all had a fourpoint response scale ranging from “all of the time” (coded as 0) to “none of the time,” (coded
as 3) included “How much of the time during the last month have you. . .” “been a nervous
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person,” “felt calm and peaceful,” “felt down or blue,” “been a happy person,” and “felt so
down in the dumps that nothing could cheer you up?” Peer smoking in 1997, assessed by the
question “What percentage of kids [in your grade/in your grade when you were last in school]
[smoke/smoked] cigarettes?,” was coded continuously so that higher values of the variable
reflected higher peer smoking using the five-point response scale that ranged from “almost
none (less than 10%)” (coded as 0) to “almost all (more than 90%)” (coded as 4). We also measured conduct problems/rebellion in 2008, assessed using the question, “When I was in school,
I used to break rules quite regularly,” as a continuous variable based on the 7-point response
scale ranging from “disagreed strongly” (0) to “agree strongly” (6), with higher values reflecting a greater tendency for rule-breaking. We also assessed substance use in 1997 via dichotomized ever use of alcohol, marijuana, and “cocaine or other hard drugs” (reference category
was never use). We assessed childhood family stability by dichotomizing responses to a question about whether the respondent lived with both biological parents in 1997, with a value of
“1” signifying an individual who did not live with both biological parents in 1997 (and 0 as
reference).
We examined several sociodemographic characteristics at age 26, the oldest available age
for all respondents, to identify young adult characteristics of the different smoking trajectories.
Marital status was ever married (married, separated, divorced, or widowed) versus never married (reference). Number of children was coded as one or more versus none (reference).
Respondent’s highest level of education at age 26 was coded similarly to mother’s education.

Analysis
LCGA is a person-centered approach to modeling that can be used to identify individuals with
similar behavioral trajectories in adolescence and young adulthood [44]. Never smokers
(34.1% of sample, n = 3,147), those who reported 0 days smoked in the past 30 days for all
non-missing years of data collection, were specified as an a priori class and excluded from the
LCGA [14]. This established approach [45] reduced the computational burden of the large
number of zeros (from never smokers) and provided a better fit to the distribution.
We used Mplus Version 7.3 because it accounts for the longitudinal structure of the NLSY
and for missing data using full information maximum likelihood [46].
Determining the outcome variable. We first conducted a model building process to
determine the best smoking variable to achieve the goal of LCGM, to produce “meaningful
patterns that distinguish subgroups of people” [30] that could be targeted by public health
interventions. We first constructed single-class LCGMs in order to make sure all models converged [47]. For mean cigarettes per day, we used a linear LCGM because the outcome was
continuous. For all other measure of smoking, we used negative binomial LCGMs because
they accommodate count variables and, unlike the Poisson distribution, account for unobserved heterogeneity in observations, leading to more accurate estimation of standard errors
[48].
Because traditional fit statistics [49] were unavailable in Mplus because we used count variables [50] and had more than eight time points [51], to provide further guidance we examined
the shape of the trajectories starting with a 4-class LCGM [31]. This model building process is
an established method [4,8,15,31,47] to identify covariates, shapes of trajectories, and relationships between outcome and explanatory variables. [38,40,41]
Determining the number of trajectories. After we established the measure of smoking
that provided the clearest differentiation between trajectories, a combination of theory and fit
statistics was used to determine the ideal number of trajectories, starting with four [52]. The
Bayesian Information Criteria (BIC), the Vuong-Lo-Mendell-Rubin Likelihood Ratio Test
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(LMR-LRT), the posterior probabilities, and the fraction of smokers in the trajectories were
used to determine the most parsimonious model [47]. The BIC is a log-likelihood based statistic that accounts for number of model parameters, with lower values indicating better fit [52].
The LMR-LRT is a goodness-of-fit test that quantifies the likelihood that data can be described
by a model with one less trajectory; a significant p-value (<0.05) indicates that the model with
one additional trajectory has superior fit [52]. Respondents were assigned to the trajectory
with the highest posterior probability, with probabilities above 0.7 considered acceptable [53];
all respondents met this criteria for trajectory assignment.
A cohort-sequential design [30] was used to link cohorts by age, resulting in 19 years (15
waves) of data (ages 12 to 30). This approach accounts for age-based cohort effects by designating age, not calendar year, as the time variable. We confirmed the validity of this approach by
running separate LCGAs for each age group (12, 13, 14, 15, and 16 years old at baseline),
which produced similar patterns of smoking at similar ages.
Determining predictors of trajectory membership. After the outcome variable and
number of trajectories were determined and respondents were assigned to trajectories by
Mplus, Holm-Sidak adjusted chi-square and t-tests and logistic regressions (never smokers
were the reference group to make our results comparable to those of previous LCGAs of the
AddHealth national samples [30,31,32]) were used to examine differences in participant characteristics across trajectories [54]. All analyses (bivariate tests and logistic regressions) were
completed using Stata version 12 (StataCorp) with the svyset command to adjust for weights.
Respondent’s highest education was not included in adjusted models because of collinearity
with employment/school enrollment status and mother’s education. We included youth SES
measures (income and mother’s education) and educational engagement (employment/school
enrollment status) because these factors are more stable over time than adult income and education. The final model, which included age in 1997 to adjust for age-cohort effects, included
all predictor variables that were significant in bivariate analyses. We also examined prevalence
of daily smoking by trajectory, median years of daily smoking, and median years between first
reported smoking and daily smoking (adjusted for weights) to further understand patterns of
smoking in each trajectory.

Results
All of the univariate latent class growth models converged except for mean cigarettes per day;
therefore, this outcome was discarded. We then compared the trajectories of the other three
outcome variables (S1 Table). We chose days per month as our outcome variable because it
produced the most unique trajectories and a visible differentiation between smokers who progressed to daily smoking versus those who quit [30]. Days smoked per month is also a preferable measure of smoking intensity for youth and young adults because this variable provided
unique patterns of smoking behavior and because cigarettes per day can be unstable over time
[55]. Choosing this variable also achieved our aim of capturing progression (or lack thereof) to
regular smoking and intermittent and nondaily smoking, which is a common trend among
adolescents and young adults [33,34].

Overall sample characteristics
Approximately half of the sample was female (48.7%) and was primarily non-Hispanic white
(66.6%) (Table 1). About half the respondents (52.9%) had mothers whose highest education
was GED/high school diploma. At age 16, 88.6% were in school, including 54.7%) who were
employed while attending school. Mean household income was about twice (mean = 192%,
median = 200%) the poverty level. In 1997, mean peer smoking was 1.63 (on average,
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%
Mean (95%CI)

%
Mean (95%CI)

15.6%
13.0%
4.9%

• Non-Hispanic black

• Hispanic

• Non-Hispanic Mixed/other

52.9%
27.4%
7.2%

2. GED/HS graduate

3. AA/BA/BS

4. Graduate/ professional Degree
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21.0%
7.1%

40.7%
45.6%

Ever used marijuana

Ever used cocaine/hard drugs
(1998)

Ever married

Has 1 child
9.4%
55.3%

1. <GED/HS diploma

2. GED/HS graduate

Respondent’s highest education

45.1%

Ever drank alcohol

2.26 (2.20–
2.31)

Broke rules in school (2008,
retrospective)
47.4%

1.63 (1.60–
1.65)

Peer smoking

Non-two-parent family

0.93 (0.92–
0.95)

Depression (2000)

5.4%

• Neither in school nor employed
1.92 (1.87–
1.96)

• Employed and in school

Household income (age 16)

6.1%
54.7%

• Employed, not in school

33.9%

• In school, not employed

Employment/school enrollment
status (age 16)

12.6%

1. <GED/HS diploma

Mother’s highest education

66.6%

51.3%

34.1% (n = 3,147)

(N = 8,791)
Mean (95%CI)

%

13.6% (n = 1,205)

Experimenters
(trajectory 1)

Mean (95%CI)

%

8.1% (n = 701)

Quitters
(trajectory 2)

1.95 (1.83–2.08)b,e
56.7%a
b,e
b

1.36 (1.31–1.41)a
1.43 (1.35–1.50)a
41.6%a
a

a

a

45.8%

4.0%a

45.9%

5.0%a

39.0%

a,c

40.7%

44.4%a
a

Adult variables (age 26)

11.9%

34.7%

44.7%a

2.0%

6.6%

59.0%

1.52 (1.45–1.60)b

0.85 (0.83–0.87)a

26.8%

0.95 (0.92–0.98)b

b

3.1%
2.19 (2.13–2.26)a

2.7%

59.7%

3.7%

33.6%a,b

10.6%

29.4%

48.9%

11.2%a

4.2%

17.2%

12.0%

66.6%b

53.2%a

2.06 (2.02–2.10)a

56.9%

3.4%

37.0%a,d

8.1%

28.2%

52.0%

11.6%a,b

0.5%

13.6%

19.3%

61.7%a

53.1%a

55.3%

7.5%b

44.7%

a,c

48.1%a

12.3%

c

28.9%

c

56.4%

c

44.2%a

2.53 (2.36–2.71)c

1.74 (1.64–1.84)c

c

0.98 (0.94–1.02)b,

2.20 (2.12–2.28)a

5.9%

57.9%

5.0%

31.1%b

6.0%

30.0%

53.0%

11.2%a,b

3.7%

14.2%

11.8%

70.3%b

47.6%a,b,c

Youth variables (1997 unless otherwise noted)

Never smokers
(trajectory 0)

Overall
sample

• Non-Hispanic white

Race/ethnicity

Female

Characteristic

Table 1. Individual-level characteristics by trajectory of cigarette smoking.

66.4%

15.9%c

53.1%

b

35.9%b

4.8%

c

16.1%

e

46.3%

c

38.6%b

3.02 (2.92–3.11)d

1.88 (1.84–1.93)d

1.00 (0.98–1.02)c

1.95 (1.91–1.98)b

8.8%

50.9%

9.8%

30.5%c

5.7%

24.9%

55.7%

13.7%b,c

4.7%

9.7%

13.1%

72.5%c

44.0%b

Mean (95%CI)

%

39.0% (n = 3,205)

Early established smokers
(trajectory 3)

(Continued)

56.9%

8.2%b

39.8%c

30.0%c

2.8%a,b

13.0%e

41.4%b

43.7%a

2.19 (1.99–2.39)e

1.49 (1.37–1.62)e

0.92 (0.87–0.97)b

2.00 (1.90–2.10)a,b

2.7%

49.5%

4.0%

43.8%d

4.9%

31.1%

48.4%

15.7%b,c

6.2%

20.0%

24.7%

49.3%d

45.6%c

Mean (95%CI)

%

5.2% (n = 533)

Late escalators
(trajectory 4)
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6.1%

39.2%

Mean (95%CI)

%

13.6% (n = 1,205)

Experimenters
(trajectory 1)

5.2%

32.1%

Mean (95%CI)

%

8.1% (n = 701)

Quitters
(trajectory 2)

1.2%

16.6%

Mean (95%CI)

%

39.0% (n = 3,205)

Early established smokers
(trajectory 3)

3.6%

31.2%

Mean (95%CI)

%

5.2% (n = 533)

Late escalators
(trajectory 4)

doi:10.1371/journal.pone.0171808.t001

We used chi-squares and t-tests to compare trajectories for categorical and continuous variables, respectively
Family error rate (.05) for multiple comparisons using the Holm-Sidak adjustment

level, 2 = 200%–299% of poverty level, 3 = 300% or more of poverty level)
Matching superscripts indicate no differences between groups.

Notes: Household income coded as an ordinal variable according to the poverty level the year before data collection (0 = below poverty level, 1 = poverty level to 199% of poverty

8.1%

42.1%

Mean (95%CI)

Mean (95%CI)
4.7%

%

%
30.6%

34.1% (n = 3,147)

(N = 8,791)

4. Graduate/ professional degree

Never smokers
(trajectory 0)

Overall
sample

3. AA/BA/BS

Characteristic

Table 1. (Continued)
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participants estimated that approximately between 25% and 50% of their peers smoked), mean
likelihood of breaking rules in school was 2.26 (between “disagree a little” and “neither agree
nor disagree”), 47.3% did not live with both biological parents in 1997, 45.1% had ever drunk
alcohol, 21.0% had ever tried marijuana, and 7.1% had ever used cocaine or hard drugs in
1997. Mean depression score in 2000 (range from 0 to 4) was 0.93 (symptoms of depression
“some of the time”).
By age 26, most of the respondents (59.3%) had never been married and had no children
(54.4%). At age 26, 9.4% had no degree, 55.3% had a GED/high school diploma, 30.6% had a
college degree, and 4.7% had a graduate or professional degree.

Trajectories of smoking from 1997–2011
We tested one to five trajectories. The BIC consistently declined across solutions (S2 Table).
The LMR-LRT p-value increased across trajectories, reaching non-significance at five trajectories. Since this result suggested five trajectories was not superior to four and all posterior probabilities were over 0.7 for all solutions (0.90–0.98), we selected four classes.
Based on trajectory shapes and the literature, we named the four trajectories (in addition to
never smokers, trajectory 0) experimenters (trajectory 1), quitters (trajectory 2), early established smokers (trajectory 3), and late escalators (trajectory 4) (Fig 1). Never smokers comprised 34.1% (n = 3,147) of the sample, experimenters 13.6% (n = 1,205), quitters 8.1%
(n = 701), early established smokers 39.0% (n = 3,205), and late escalators 5.2% (n = 533).
Days smoked per month peaked at age 16 for experimenters (mean = 1.22; 95% CI: 0.96–
1.48), with mean days smoked per month remaining below one for 16 of the 19 years. For quitters, days smoked peaked at age 17 (10.64; 9.61–11.67) and decreased to less than one day per
month at age 25. For early established smokers, days smoked peaked at age 22 (22.60; 22.14–

Fig 1. Four trajectories of smoking behavior among ever smokers in the National Longitudinal Survey of Youth 1997 (NLSY97). Analyses of
19 years (15 waves) of smoking data (days smoked per month) for participants in the NLSY97 revealed four patterns of smoking behavior (in addition
to never smokers): experimenters, quitters, early established smokers, and late escalators.
doi:10.1371/journal.pone.0171808.g001
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23.05) and plateaued by age 30 (18.49; 17.21–19.78). Late escalators’ highest smoking was 9.00
(6.11–11.89) days per month at age 30 and still trending upward.
Only 2.0% of experimenters, 49.5% of quitters, 93.5% of early established smokers, and
24.0% of late escalators ever smoked daily. Median years of daily smoking was 0 for experimenters (10th–90th percentile: 0–0; only 2.0% ever smoked daily), 0 for quitters (0–3), 6 for early
established smokers (1–12), and 0 for late escalators (0–2). Median years from first cigarette to
daily smoking was 0 (0–1) for the 2.0% (23 of 1,205) of experimenters who made this transition,
1 year (0–4) for the 48.4% (339 of 701) of quitters who made this transition, 1 year (0–5) for the
92.5% (2,966 of 3,205) of early established smokers who made this transition, and 3 years (0–
11) for the 26.3% (140 of 533) of late escalators who made this transition. Median age of transition to daily smoking (for those who transitioned) was 15 (13–16) for experimenters, 17 (15–
20) for quitters, 17 (14–21) for early established smokers, and 26 (24–28) for late escalators.

Predictors of trajectory membership
Our adjusted model included all covariates (Table 2). Compared with never smokers, experimenters were more likely to have ever tried alcohol in 1997 and less likely to be non-Hispanic
black (than non-Hispanic white) and to be employed and enrolled in school at age 16 (versus
not enrolled in school and unemployed). Quitters were more likely to be unemployed at age
16, to have a mother who had at least completed high school/GED, and to have ever drank
alcohol or used marijuana in 1997. They were less likely to be black, to be enrolled in school at
age 16, and to have ever been married by age 26. Early established smokers were more likely to
have a mother whose highest level of education was a GED/high school diploma (versus no
degree), to have used alcohol or marijuana in 1997, have peers who smoked in 1997, to be
depressed in 2000, have broken rules in school in 2008, and to have children at age 26. They
were less likely to be black or Hispanic, to be enrolled in school or employed at age 16, to live
with both biological parents in 1997, and to have ever been married at age 26. Late escalators
were more likely to be Hispanic, to have drank alcohol in 1997, and to have broken rules in
school and less likely to have ever been married at age 26 than never smokers.
All of the variance inflation factors were 1.44 or under in the final adjusted model, indicating little multicollinearity. The results of the unadjusted analyses (see Table 1) were similar to
the adjusted results (see Table 2). The only variables that were significant in bivariate analyses
but not significant in adjusted models were household income, which was significantly lower
for early established smokers than members of the other trajectories (except late escalators),
and ever use of cocaine/hard drug use, which was more common for experimenters and quitters than other trajectories.

Discussion
Exploratory analyses revealed that days smoked per month provided clearer distinction
between trajectories of smoking than cigarettes per day on days smoked, mean cigarettes per
day, or total cigarettes smoked per month. LCGA revealed four trajectories in addition to
never smokers: experimenters, quitters, early established smokers, and late escalators. This
finding contradicts the assumption that once adolescents initiate smoking, they all exhibit the
same pattern of smoking: 21.4% of ever smokers were experimenters who never went on to
become established smokers.

Trajectory characteristics
We found several qualitative and quantitative differences between our trajectories and those
identified in LCGAs of AddHealth (S3 and S4 Tables) [30,31,32]. Fuemmeler et al. [31] did not
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Table 2. Adjusted odds of trajectory membership for all significant covariates (with 95% confidence intervals).
Experimenters (trajectory 1)
versus never smokers
(trajectory 0)

Quitters (trajectory 2)
versus never smokers
(trajectory 0)

Early established smokers
(trajectory 3) versus never
smokers (trajectory 0)

Late escalators (trajectory
4) versus never smokers
(trajectory 0)

Youth variables (baseline unless otherwise noted)
Gender
• Female
• Male

REF

REF

REF

REF

1.20 (0.72–2.00)

1.01 (0.55–1.84)

1.40 (0.95–2.07)

1.06 (0.53–2.11)

Race/ethnicity
• Non-Hispanic white

REF

REF

REF

REF

• Non-Hispanic black

0.45 (0.24–0.82)

0.19 (0.09–0.40)

0.28 (0.18–0.45)

0.80 (0.37–1.75)

• Hispanic

1.61 (0.87–2.99)

0.77 (0.33–1.81)

0.40 (0.24–0.69)

2.62 (1.15–6.01)

1.36 (0.43–4.31)

0.32 (0.05–1.92)

1.04 (0.38–2.82)

1.00 (empty)

• Non-Hispanic mixed/
other
Mother’s highest
education
1. <GED/HS diploma

REF

REF

REF

REF

2. GED/HS graduate

1.69 (0.91–3.16)

3.29 (1.41–7.65)

1.92 (1.15–3.20)

2.04 (0.89–4.68)

3. AA/BA/BS

1.62 (0.78–3.36)

2.92 (1.07–7.91)

1.55 (0.83–2.86)

2.73 (0.99–7.54)

2.07 (0.71–6.05)

4.24 (1.09–16.43)

0.83 (0.33–2.11)

2.19 (0.39–12.24)

• In school, not employed

REF

REF

REF

REF

• Employed, not in school

0.97 (0.43–2.19)

0.92 (0.35–2.40)

1.63 (0.85–3.13)

0.80 (0.25–2.59)

• Employed and in school

1.01 (0.55–1.85)

0.70 (0.34–1.45)

0.65 (0.41–1.02)

0.88 (0.44–1.76)

• Neither in school nor
employed

2.52 (1.09–5.83)

2.80 (0.98–8.02)

4.34 (2.25–8.37)

0.77 (0.24–2.52)

Non-two-parent family

0.78 (0.49–1.26)

1.38 (0.77–2.47)

1.65 (1.12–2.42)

1.01 (0.51–1.97)

Ever drank alcohol

2.50 (1.51–4.14)

3.08 (1.58–6.01)

2.53 (1.65–3.89)

2.21 (1.09–4.47)

Ever used marijuana

1.19 (0.63–2.23)

3.45 (1.70–6.99)

2.11 (2.07–5.53)

0.74 (0.28–1.97)

Ever used cocaine/hard
drugs (1998)

0.80 (0.24–2.62)

1.01 (0.34–2.96)

1.57 (0.68–3.58)

1.00 (empty)

Household income (age
16)

1.30 (0.99–1.71)

0.93 (0.66–1.30)

0.85 (0.68–1.06)

0.81 (0.55–1.17)

Age

0.78 (0.63–0.95)

0.79 (0.62–1.01)

0.85 (0.73–1.001)

0.97 (0.72–1.32)

Depression (2000)

1.17 (0.76–1.82)

1.45 (0.85–2.47)

1.72 (1.27–2.61)

1.21 (0.63–2.32)

Peer smoking

1.19 (0.98–1.46)

1.19 (0.92–1.53)

1.26 (1.08–1.48)

0.98 (0.75–1.27)

Likely to have broken
rules in school (2008,
retrospective)

1.06 (0.94–1.19)

1.15 (0.99–1.33)

1.28 (1.17–1.41)

1.26 (1.07–1.47)

4. Graduate/ professional
degree
Employment/ school
enrollment status (age 16)

Adult variables (age 26)
Marital status
• Never married
• Ever Married

REF

REF

REF

REF

0.78 (0.49–1.29)

0.52 (0.28–0.94)

0.47 (0.31–0.70)

0.42 (0.22–0.81)

Has 1 child
• No

REF

REF

REF

REF

• Yes

1.28 (0.77–2.13)

1.12 (0.59–2.15)

1.76 (1.15–2.68)

1.10 (0.58–2.06)

Notes: All models include all listed variables.
All models adjusted for stratification variables (to adjust for sampling techniques) and weights (to adjust for non-response and non-representativeness of
sample) provided by the NLSY
doi:10.1371/journal.pone.0171808.t002
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identify a quitter class; this group is key to understanding why some individuals spontaneously
quit. In addition, neither Fuemmeler et al. [31] nor Pollard et al. [32] identified a true late escalator class (started smoking after age 20 and trending upward at end of follow-up), thereby failing to identify an important minority group that has been ignored in the past. Fuemmeler
et al. [31] and Pollard et al.’s [32] experimenter classes peaked much later (ages 24 and 25,
respectively) than ours (age 16). Costello et al.’s [30] quitter class peaked at age 20, later than
our quitter class, which peaked at age 16.
Some of these differences may be due to our specification of never smokers as an a priori
class (as opposed to including never smokers in the LCGA). As a result, our never smoker category was smaller than those identified in analyses of AddHealth (S4 Table). In addition, our
use of days smoked per month (versus cigarettes per day or a combined measure of frequency
and intensity) distinguishes our analysis from those completed with AddHealth. Most importantly, the great number of waves of data collection in the NLSY97 (annually between 1997
and 2011) resulted in a level of detail unavailable when using AddHealth’s three or four waves
of data (1995, 1996, 2001–2002, 2008–2009). This important difference enabled us to identify
specific ages at which key transitions occur.
For example, early established smokers escalated between age 12 and 22, late escalators escalated between age 22 and 30, and quitters de-escalated between 18 and 24. As a result, we concluded that late escalators should be targeted in young adulthood. In the Fuemmeler et al. [31]
analysis, in particular, with the exception of the late heavy user group, the most distinguishing
graphical characteristic between the classes was the intercept. In contrast, our analysis revealed
trajectories with differing intercepts, slopes, and shapes.
Like the current analysis and analyses of Add Health [30,31,32], LCGAs of smoking of the
sub-national samples [4,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29] provides support for the existence of multiple smoking trajectories. The findings of the subnational studies, however, are less likely to be generalizable to the entire United States, so have
limited applicability to the development of national policies and interventions for smoking
prevention and cessation.

Characteristics of individuals in trajectories
Analyses of AddHealth [30,31,32] revealed that alcohol or drug use, deviance, maternal smoking, peer smoking, conduct problems, depressive symptoms, and state prevalence of adolescent
smoking distinguished one or more smoking trajectories from never smokers. With the exception of state smoking prevalence, which we did not include in our analysis, our results demonstrated similar findings for these variables.
We also identified several characteristics that were not identified in previous analyses (S4
Table). Members of all trajectories except experimenters were less likely to have been married
at age 26 compared with never smokers. Compared with never smokers, experimenters were
less likely to be black and less likely to be enrolled in school or working at age 16. However,
overall, experimenters were similar to never smokers. Our results suggest that tobacco control
programs should expand their efforts beyond preventing experimentation to also preventing
escalation to established smoking.
Quitters were less likely to be black, tended to have mothers with higher education, and
were more likely to have ever used marijuana. Compared with early established smokers, quitters were more likely to be Hispanic and less likely to break rules in school. Additional research
should identify further characteristics about this group and their reasons for quitting. However, the existence of this group likely indicates that traditional youth-based smoking prevention and cessation programs are successful for some adolescents.
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Early established smokers were less likely to be black or Hispanic, to have educated mothers,
and to grow up in a two-parent household; they were more likely to have ever used marijuana
and to drop out of school by age 16. As a result, they are probably less likely to be reached by
school-based interventions in adolescence.
Late escalators only exhibited some traditional smoking risk factors, were more likely to be
Hispanic, and were still enrolled in school at age 16. Because their smoking escalates after age
18, they are more likely to benefit from interventions that extend into young adulthood.

Public health policy implications
This is the first analysis that can be used to create targeted national public health and clinical
interventions for smoking prevention and early cessation that extend through young adulthood. Population-level interventions, including tobacco taxes, smokefree laws (particularly
workplace) and rules (such as car), smokefree housing, and media campaigns are key to
reaching all types of smokers [56,57,58]. People covered by smokefree laws are more likely
to have smokefree cars [56] and homes [59], which increase the likelihood of successful
smoking cessation [57,60]. In addition, as recommended by the American Academy of Pediatrics [61], all movies and video games depicting smoking should be given an R rating
[62,63] or eliminated entirely. Similarly, restricting all tobacco advertising, including pointof-sale and product placement, would deter smoking initiation and adolescent smoking and
progression to established smoking. In addition to these approaches, we identified specific
methods of reaching early established smokers and late escalators. Because early established
smokers are more likely to have children, one method of reaching them is by incorporating
smoking cessation interventions into early intervention programs, such as Women, Infants,
and Children, an assistance program for pregnant women and children under age 5, and
California’s “First Five,” a county-based early intervention program [40], which is funded
by tobacco taxes. To reach late escalators in young adulthood when their smoking frequency
is increasing, we recommend smokefree schools, smokefree college campuses, college-based
smoking cessation programs, and bar-based smoking cessation and prevention interventions [64].
The Truth Initiative, which targets youth and young adults [65], and the Centers for Disease
Control and Prevention’s Tips From Former Smokers media campaign, which targets 18- to
54-year-olds [66], are likely to be effective for early established smokers and late escalators.
Media campaigns, such as the Food and Drug Administration’s The Real Cost and Fresh
Empire campaigns [41,67], should be extended to include individuals into their late 20s, particularly since youth-centric programs are an industry tactic [68].
Because of the immense gains made in tobacco control in the past 50 years, including
denormalizing tobacco and revolutionizing social norms, it is necessary to reevaluate the efficacy of the established approach to tobacco prevention, particularly as new databases emerge.
The Population Assessment of Tobacco and Health (PATH) study should be used to continue
to identify patterns of smoking to prevent progression to established smoking and encourage
smoking cessation and identify the effects of rising dual use of tobacco products (including ecigarettes) and marijuana on trajectories of cigarette smoking.

Limitations
The primary limitation of this analysis is that it does not include policy variables that affect
smoking. It is possible that individuals shift trajectories over time, but LCGAs do not accommodate such shifts.
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Conclusion
Days smoked per month is a useful measure of smoking for identifying different types of
smokers and should therefore be included in tobacco use surveys. Also, multiple patterns of
smoking are necessary to fully describe adolescent and young adult smoking uptake and patterns of use. Just as the tobacco industry identified different types of smokers (market segments) to target, tobacco control programs can use information about types of smokers to
develop more effective interventions [69]. Targeting young adults (18 to 24) is important
because this group is most likely to quit and do so successfully. Pediatricians should collect
information on smoking intensity and frequency and attempt to prevent smoking escalation
among light smokers by helping them identify triggers, referring them to counseling resources,
and encouraging youth to advocate a smokefree lifestyle for parents and peers. Because smoking is still dynamic beyond age 18, pediatricians and other physicians should ensure that information about tobacco use is transferred to general medicine practitioners as their patients get
older. Our analysis also supports increasing the smoking age from 18 to 21 [61]; 16.9% (954) of
the ever smokers in our analysis initiated smoking between the ages of 18 and 21.

Supporting information
S1 Table. Comparison of four-class solutions by smoking variable.
(DOCX)
S2 Table. Fit statistics and sample size (N) by number of classes.
(DOCX)
S3 Table. Graphical comparison of trajectories from other latent class growth analyses
using national samples.
(DOCX)
S4 Table. Comparison of this paper with comparable trajectories identified in previous
latent class growth analyses of national datasets.
(DOCX)
S1 Data. Raw data file as stata 12 DTA file.
(DTA)

Acknowledgments
This research was conducted with restricted access to Bureau of Labor Statistics data. The
views expressed here do not necessarily reflect the views of the Bureau of Labor Statistics.

Author contributions
Conceptualization: SAG AVS.
Data curation: SAG.
Formal analysis: AVS NEL LMD.
Funding acquisition: SAG.
Investigation: LMD.
Methodology: SAG AVS NEL LMD.
Project administration: LMD SAG.

PLOS ONE | DOI:10.1371/journal.pone.0171808 February 9, 2017

13 / 17

Beyond experimentation: Five trajectories of cigarette smoking in a longitudinal sample of youth

Resources: SAG.
Supervision: SAG AVS.
Validation: NEL LMD.
Visualization: SAG LMD.
Writing – original draft: LMD.
Writing – review & editing: SAG LMD AVS NEL.

References
1.

Centers for Disease Control and Prevention (2012) Current Cigarette Smoking among Adults- United
States, 2011. Morbidity and Mortality Weekly Report 61: 889–894. PMID: 23134971

2.

Centers for Disease Control and Prevention (2010) Racial/Ethnic Disparities and Geographic Differences in Lung Cancer Incidence—38 States and the District of Columbia, 1998–2006. Morbidity and
Mortality Weekly Report 59: 1434–1438. PMID: 21063273

3.

U.S. Department of Health and Human Services (2012) Preventing Tobacco Use among Youth and
Young Adults: A Report of the Surgeon General. Rockville, MD.

4.

Chassin L, Presson CC, Pitts SC, Sherman SJ (2000) The Natural History of Cigarette Smoking from
Adolescence to Adulthood in a Midwestern Community Sample: Multiple Trajectories and Their Psychosocial Correlates. Health Psychology 19: 223–231. PMID: 10868766

5.

Chen K, Kandel DB (1995) The Natural History of Drug Use from Adolescence to the Mid-Thirties in a
General Population Sample. American Journal of Public Health 85: 41–47. PMID: 7832260

6.

Arnett JJ (2000) Emerging Adulthood: A Theory of Development from the Late Teens through the Twenties. American Psychologist 55: 469. PMID: 10842426

7.

Riggs NR, Chou CP, Li C, Pentz MA (2007) Adolescent to Emerging Adulthood Smoking Trajectories:
When Do Smoking Trajectories Diverge, and Do They Predict Early Adulthood Nicotine Dependence?
Nicotine & Tobacco Research 9: 1147–1154.

8.

White HR, Pandina RJ, Chen P-H (2002) Developmental Trajectories of Cigarette Use from Early Adolescence into Young Adulthood. Drug and Alcohol Dependence 65: 167–178. PMID: 11772478

9.

Brook JS, Zhang C, Burke L, Brook DW (2014) Trajectories of Cigarette Smoking from Adolescence to
Adulthood as Predictors of Unemployment Status. Nicotine & Tobacco Research 16: 1559–1566.

10.

Mays D, Gilman SE, Rende R, Luta G, Tercyak KP, Niaura RS (2014) Parental Smoking Exposure and
Adolescent Smoking Trajectories. Pediatrics 133: 983–991. doi: 10.1542/peds.2013-3003 PMID:
24819567

11.

Lee JY, Brook JS, Finch SJ, Brook DW (2016) Trajectories of Cigarette Smoking Beginning in Adolescence Predict Insomnia in the Mid Thirties. Substance Use & Misuse 51: 616–624.

12.

Brook JS, Pahl K, Ning Y (2006) Peer and Parental Influences on Longitudinal Trajectories of Smoking
among African Americans and Puerto Ricans. Nicotine & Tobacco Research 8: 639–651.

13.

Karp I, O’Loughlin J, Paradis G, Hanley J, Difranza J (2005) Smoking Trajectories of Adolescent Novice
Smokers in a Longitudinal Study of Tobacco Use. Annals of Epidemiology 15: 445–452. doi: 10.1016/j.
annepidem.2004.10.002 PMID: 15967392

14.

Orlando M, Tucker JS, Ellickson PL, Klein DJ (2004) Developmental Trajectories of Cigarette Smoking
and Their Correlates from Early Adolescence to Young Adulthood. Journal of Consulting and Clinical
Psychology 72: 400–410. doi: 10.1037/0022-006X.72.3.400 PMID: 15279524

15.

Stanton WR, Flay BR, Colder CR, Mehta P (2004) Identifying and Predicting Adolescent Smokers’
Developmental Trajectories. Nicotine & Tobacco Research 6: 843–852.

16.

Akhtar-Khaleel WZ, Cook RL, Shoptaw S, Surkan PJ, Teplin LA, Stall R, et al. (2016) Long-Term Cigarette Smoking Trajectories among Hiv-Seropositive and Seronegative Msm in the Multicenter Aids
Cohort Study. AIDS Behavior.

17.

Orpinas P, Lacy B, Nahapetyan L, Dube SR, Song X (2016) Cigarette Smoking Trajectories from Sixth
to Twelfth Grade: Associated Substance Use and High School Dropout. Nicotine & Tobacco Research
18: 156–162.

18.

Hampson SE, Tildesley E, Andrews JA, Barckley M, Peterson M (2013) Smoking Trajectories across
High School: Sensation Seeking and Hookah Use. Nicotine & Tobacco Research 15: 1400–1408.

PLOS ONE | DOI:10.1371/journal.pone.0171808 February 9, 2017

14 / 17

Beyond experimentation: Five trajectories of cigarette smoking in a longitudinal sample of youth

19.

Brook DW, Rubenstone E, Zhang C, Brook JS (2012) Trajectories of Cigarette Smoking in Adulthood
Predict Insomnia among Women in Late Mid-Life. Sleep Medicine 13: 1130–1137. doi: 10.1016/j.sleep.
2012.05.008 PMID: 22901402

20.

Caldeira KM, O’Grady KE, Garnier-Dykstra LM, Vincent KB, Pickworth WB, Arria AM (2012) Cigarette
Smoking among College Students: Longitudinal Trajectories and Health Outcomes. Nicotine & Tobacco
Research 14: 777–785.

21.

Lessov-Schlaggar CN, Kristjansson SD, Bucholz KK, Heath AC, Madden PA (2012) Genetic Influences
on Developmental Smoking Trajectories. Addiction 107: 1696–1704. doi: 10.1111/j.1360-0443.2012.
03871.x PMID: 22385035

22.

Scott-Sheldon LA, Carey MP, Senn TE, Vanable PA (2010) Smoking Behavior among Low-Income
Black Adults: Patterns and Correlates of Smoking Trajectories. Nicotine & Tobacco Research 12:
1019–1028.

23.

Frosch ZA, Dierker LC, Rose JS, Waldinger RJ (2009) Smoking Trajectories, Health, and Mortality
across the Adult Lifespan. Addictive Behaviors 34: 701–704. doi: 10.1016/j.addbeh.2009.04.007
PMID: 19428188

24.

Amstadter AB, Resnick HS, Nugent NR, Acierno R, Rheingold AA, Minhinnett R, et al. (2009) Longitudinal Trajectories of Cigarette Smoking Following Rape. Journal of Traumatic Stress 22: 113–121. doi:
10.1002/jts.20398 PMID: 19370699

25.

Munafo MR, Heron J, Araya R (2008) Smoking Patterns During Pregnancy and Postnatal Period and
Depressive Symptoms. Nicotine & Tobacco Research 10: 1609–1620.

26.

Bernat DH, Erickson DJ, Widome R, Perry CL, Forster JL (2008) Adolescent Smoking Trajectories:
Results from a Population-Based Cohort Study. Journal of Adolescent Health 43: 334–340. doi: 10.
1016/j.jadohealth.2008.02.014 PMID: 18809130

27.

Colder CR, Flay BR, Segawa E, Hedeker D (2008) Trajectories of Smoking among Freshmen College
Students with Prior Smoking History and Risk for Future Smoking: Data from the University Project
Tobacco Etiology Research Network (Uptern) Study. Addiction 103: 1534–1543. doi: 10.1111/j.13600443.2008.02280.x PMID: 18783505

28.

Tucker JS, Ellickson PL, Orlando M, Klein DJ (2006) Cigarette Smoking from Adolescence to Young
Adulthood: Women’s Developmental Trajectories and Associates Outcomes. Womens Health Issues
16: 30–37. doi: 10.1016/j.whi.2005.08.004 PMID: 16487922

29.

Abroms L, Simons-Morton B, Haynie DL, Chen R (2005) Psychosocial Predictors of Smoking Trajectories During Middle and High School. Addiction 100: 852–861. doi: 10.1111/j.1360-0443.2005.01090.x
PMID: 15918815

30.

Costello DM, Dierker LC, Jones BL, Rose JS (2008) Trajectories of Smoking from Adolescence to Early
Adulthood and Their Psychosocial Risk Factors. Health Psychology 27: 811–818. doi: 10.1037/02786133.27.6.811 PMID: 19025277

31.

Fuemmeler BF, Lee C, Ranby KW, Clark T, McClernon FJ, Yang C, et al. (2013) Individual- and Community-Level Correlates of Cigarette-Smoking Trajectories from Age 13 to 32 in a U.S. PopulationBased Sample. Drug and Alcohol Dependence 132: 301–308. doi: 10.1016/j.drugalcdep.2013.02.021
PMID: 23499056

32.

Pollard MS, Tucker JS, Green HD, Kennedy D, Myong-Hyun G (2010) Friendship Networks and Trajectories of Adolescent Tobacco Use. Addictive Behaviors 35: 678–685. doi: 10.1016/j.addbeh.2010.02.
013 PMID: 20332061

33.

Brown AE, Carpenter MJ, Sutfin EL (2011) Occasional Smoking in College: Who, What, When and
Why? Addictive Behaviors 36: 1199–1204. doi: 10.1016/j.addbeh.2011.07.024 PMID: 21849231

34.

Schane RE, Glantz SA, Ling PM (2009) Nondaily and Social Smoking: An Increasingly Prevalent Pattern. Archives of Internal Medicine 169: 1742–1744. doi: 10.1001/archinternmed.2009.315 PMID:
19858429

35.

U.S. Bureau of Labor Statistics. National Longitudinal Survey of Youth 1997. https://www.nlsinfo.org/
content/cohorts/NLSY97. (Accessed 14 Aug 2013)

36.

Curran PJ, Obeidat K, Losardo D (2010) Twelve Frequently Asked Questions About Growth Curve
Modeling. Journal of Cognition and Development 11: 121–136. doi: 10.1080/15248371003699969
PMID: 21743795

37.

U.S. Bureau of Labor Statistics. Sample Weights & Design Effects. https://www.nlsinfo.org/content/
cohorts/nlsy97/using-and-understanding-the-data/sample-weights-design-effects. (Accessed 4 Dec
2015)

38.

Tukey JW (1977) Exploratory Data Analysis. New York, NY: Pearson.

39.

Tukey JW (1962) The Future of Data Analysis. The Annals of Mathematical Statistics 33: 1–67.

PLOS ONE | DOI:10.1371/journal.pone.0171808 February 9, 2017

15 / 17

Beyond experimentation: Five trajectories of cigarette smoking in a longitudinal sample of youth

40.

Muthen B (2003) Statistical and Substantive Checking in Growth Mixture Modeling. Psychological Methods 8: 369–377. doi: 10.1037/1082-989X.8.3.369 PMID: 14596497

41.

Bauer DJ, Curran PJ (2003) Distributional Assumptions of Growth Mixture Models: Implications for
Overextraction of Latent Trajectory Classes. Psychological Methods 8: 338. doi: 10.1037/1082-989X.
8.3.338 PMID: 14596495

42.

Glenn N (2009) Is the Apparent U-Shape of Well-Being over the Life Course a Result of Inappropriate
Use of Control Variables? A Commentary on Blanchflower and Oswald (66: 8, 2008, 1733–1749).
Social Science & Medicine 69: 481–485; discussion 486–488.

43.

Berwick D, Murphy J, Goldman P, Ware J Jr, Barsky A, Weinstein M (1991) Performance of a Five-Item
Mental Health Screening Test. Medical Care 29: 169–176. PMID: 1994148

44.

Muthen B, Muthen LK (2000) Integrating Person-Centered and Variable-Centered Analyses: Growth
Mixture Modeling with Latent Trajectory Classes. Alcoholism: Clinical and Experimental Research 24:
882–891.

45.

Nagin DS (1999) Analyzing Development Trajectories: A Semiparametric, Group-Based Approach.
Psychological Methods 4: 139–157.

46.

Muthen LK, Muthen BO (2010) Mplus User’s Guide. Los Angeles, CA: Muthen & Muthen.

47.

Jung T, Wickrama KAS (2008) An Introduction to Latent Class Growth Analysis and Growth Mixture
Modeling. Social and Personality Psychology Compass 2: 302–317.

48.

Long J, Freese J (2006) Regression Models for Categorical Dependent Variables Using Stata. 2nd Ed.
College Station, TX: Stata Press.

49.

Berlin KS, Parra GR, Williams NA (2014) An Introduction to Latent Variable Mixture Modeling (Part 2):
Longitudinal Latent Class Growth Analysis and Growth Mixture Models. J Pediatr Psychol 39: 188–
203. doi: 10.1093/jpepsy/jst085 PMID: 24277770

50.

Muthen B (2016) Re: License Sabc70073114. Personal communication to Lisha N. 17 Nov 2016.

51.

Muthen LK. Goodness of Fit Statistics for Mixture Models. http://www.statmodel.com/discussion/
messages/13/119.html?1453602211. (Accessed 19 Jan 2016)

52.

Morgan GB (2014) Mixed Mode Latent Class Analysis: An Examination of Fit Index Performance for
Classification. Structural Equation Modeling: A Multidisciplinary Journal 22: 76–86.

53.

Nagin D (2005) Group-Based Modeling of Development. Cambridge, MA: Harvard University Press.

54.

Glantz SA (2012) Primer of Biostatistics. New York, NY: McGraw Hill.

55.

Husten CG (2009) How Should We Define Light or Intermittent Smoking? Does It Matter? Nicotine &
Tobacco Research 11: 111–121.

56.

Cheng KW, Okechukwu CA, McMillen R, Glantz SA (2015) Association between Clean Indoor Air Laws
and Voluntary Smokefree Rules in Homes and Cars. Tobacco Control 24: 168–174. doi: 10.1136/
tobaccocontrol-2013-051121 PMID: 24114562

57.

Vijayaraghavan M, Messer K, White MM, Pierce JP (2013) The Effectiveness of Cigarette Price and
Smoke-Free Homes on Low-Income Smokers in the United States. American Journal of Public Health
103: 2276–2283. doi: 10.2105/AJPH.2013.301300 PMID: 24134354

58.

Song AV, Dutra LM, Neilands TB, Glantz SA (2015) Association of Smoke-Free Laws with Lower Percentages of New and Current Smokers among Adolescents and Young Adults. JAMA Pediatrics 169:
e152285. doi: 10.1001/jamapediatrics.2015.2285 PMID: 26348866

59.

Cheng KW, Glantz SA, Lightwood JM (2011) Association between Smokefree Laws and Voluntary
Smokefree-Home Rules. American Journal of Preventive Medicine 41: 566–572. doi: 10.1016/j.
amepre.2011.08.014 PMID: 22099232

60.

Hyland A, Higbee C, Travers MJ, Van Deusen A, Bansal-Travers M, King B, et al. (2009) Smoke-Free
Homes and Smoking Cessation and Relapse in a Longitudinal Population of Adults. Nicotine & Tobacco
Research 11: 614–618.

61.

American Academy of Pediatrics (2015) Public Policy to Protect Children from Tobacco, Nicotine, and
Tobacco Smoke. Pediatrics 136: 998–1007. doi: 10.1542/peds.2015-3109 PMID: 26504133

62.

Song AV, Ling PM, Neilands TB, Glantz SA (2007) Smoking in Movies and Increased Smoking among
Young Adults. American Journal of Preventive Medicine 33: 396–403. doi: 10.1016/j.amepre.2007.07.
026 PMID: 17950405

63.

Shmueli D, Prochaska JJ, Glantz SA (2010) Effect of Smoking Scenes in Films on Immediate Smoking:
A Randomized Controlled Study. American Journal of Preventive Medicine 38: 351–358. doi: 10.1016/
j.amepre.2009.12.025 PMID: 20307802

64.

Ling PM, Lee YO, Hong J, Neilands TB, Jordan JW, Glantz SA (2014) Social Branding to Decrease
Smoking among Young Adults in Bars. American Journal of Public Health 104: 751–760. doi: 10.2105/
AJPH.2013.301666 PMID: 24524502

PLOS ONE | DOI:10.1371/journal.pone.0171808 February 9, 2017

16 / 17

Beyond experimentation: Five trajectories of cigarette smoking in a longitudinal sample of youth

65.

Our Mission. Truth Initiative http://truthinitiative.org/our-mission. (Accessed 22 Feb 2016)

66.

Centers for Disease Control and Prevention. Campaign Overview. U.S. Department of Health & Human
Services December 15, 2015 http://www.cdc.gov/tobacco/campaign/tips/about/campaign-overview.
html. (Accessed 22 Feb 2016)

67.

U.S. Food and Drug Administration. The Real Cost Campaign. FDA 10/21/2015 http://www.fda.gov/
TobaccoProducts/PublicHealthEducation/PublicEducationCampaigns/TheRealCostCampaign/default.
htm. (Accessed 15 Dec 2015)

68.

Landman A, Ling PM, Glantz SA (2002) Tobacco Industry Youth Smoking Prevention Programs: Protecting the Industry and Hurting Tobacco Control. American Journal of Public Health 92: 917–930.
PMID: 12036777

69.

Ling PM, Glantz SA (2002) Using Tobacco-Industry Marketing Research to Design More Effective
Tobacco-Control Campaigns. JAMA 287: 2983–2989. PMID: 12052128

PLOS ONE | DOI:10.1371/journal.pone.0171808 February 9, 2017

17 / 17

Variable
Cigarettes per
day on days
smoked

Cigarettes per day on days
smoked

S1 Table. Comparison of four-class solutions by smoking variable
Percent of smokers in each class
Class 1 Class 2 Class 3 Class 4
21.7%
25.7%
27.9%
24.7%

25
20
15
10
5
0
10

15

Days smoked
out of past 30

Days smoked per month

Class 1

20
Age (years)
Class 2

25

Class 3

30
Class 4

8.1%

25
20
15
10
5
0
10

15
Class 1

20
Age (years)
Class 2

Class 3

1

25

30
Class 4

12.9%

20.0%

59.0%

Variable
Total
cigarettes per
month

Total cigarettes per month

S1 Table. Comparison of four-class solutions by smoking variable
Percent of smokers in each class
Class 1 Class 2 Class 3 Class 4
8.5%
14.5%
20.6%
56.4%

300
250
200
150
100
50
0
10

15
Class 1

20
Age (years)
Class 2

Class 3

2

25

30
Class 4

S2 Table. Fit statistics and sample size (N) by number of classes
Classes
1
2
3
4
5
a
b

a

BIC
491526.655
461068.978
454598.884
435517.578
434366.800

Entropy
0.963
0.930
0.930
0.908

N1
8,791
4,349
1,125
3,344
564

N2
2,566
2,203
693
1,052

Sample size by class
N3
N4
N5
N6
3,587
1,161
445
3,142
472
414
-

BIC: Bayesian Information Criterion
LMR: Lo-Mendell Rubenstein Adjusted Least Likelihood Ratio Test p-value

3

N7
-

N8
-

LMRb
0.000
0.000
0.004
0.322

This paper: NLSY97

Days smoked per month

S3 Table. Graphical comparison of trajectories from other latent class growth analyses using
national samples
25
20
15
10
5
0
10

15
Experimenters
Early established

Fuemmeler et al [31]
(2013): AddHealth

Pollard et al [32] (2010):
AddHealth

4

20
Age (years)

25
Quitters
Late escalators

30

Costello et al [45] (2008):
AddHealth

5

S4 Table. Comparison of this paper with comparable trajectories identified in previous latent
class growth analyses of national datasets
This paper
Trajectory
names from this
paper
Never smokers
Experimenter

Quitter

Early
established
Late escalators

% of sample,
description
34%
14%, <1 day at age 12,
peaked at 16, <1 day by
17
8%, 1 day at age 12,
peaked at age 17, <1
day by age 25 (8%)
39%, 1 day at age 12,
peak at 22, plateau at
30 at >1 day
5%, <1 day at 12, >1 at
age 21, peaked at age
30 at >1 day
Not identified

Not identified

Methods
Dataset
Waves of data

NLSY97
15 (annual)

Smoking
measure

Days smoked per
month

Fuemmeler et al
Pollard et al [32]
Costello et al [45]
[31] (2013)
(2010)
(2008)
% of sample, qualitative differences from this paper, original
trajectory name
54%, Non-users
18%, peaked at 24,
light users

55%, Never smoked
23%, did not peak/
straight line, light
users
3%, similar,
decreaser

48%, Nonsmoker
22%, peaked at 25,
experimenters

10%, smaller slope,
early users

8%, similar, early
uptake

Not identified

7%, >1 by 14-21,
peaked at 18-25,
delayed uptake
Not identified

7%, intercept higher,
peaked at age 16,
stable high
10%, >1 by age 17,
peaked at age 25, late
escalators
Not identified

Not identified

16%, close to 0 at
13, peaked at 25, >0
at age 32, late users
2%, close to 0 at 13,
peaked at 26, >0 at
age 32, late heavy
users

4 (years 0, 1, 5-6,
13-14)
Mean cigs
smoked/day on days
smoked

6

4%, >1 cig at year 0,
did not peak/straight
line, >1 cig at year
6, steady high
AddHealth
3 (years 0, 1, 5-6)
Mean cigarettes per
day

6%, peaked at age
20, quitters

7%, >1 at age 13,
peaked at age 17, <1
at age 25, stable light

3 (years 0, 1, 5-6)
Categorical
frequency x
categorical intensity

