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ABSTRACT

ARTICLE HISTORY

Background: Despite significant declines in youth cigarette smoking, overall tobacco usage remains
over 20% as non-cigarette tobacco product usage is increasingly common and polytobacco use
(using 1+ tobacco product) remains steady. Objectives: The present study was designed to identify
patterns of youth tobacco use and examine associations with sociodemographic characteristics and
tobacco dependence. Methods: The current analysis uses Latent Class Analysis (LCA) to examine the
6,958 tobacco users (n = 2,738 female) in the National Youth Tobacco Survey (2012 and 2013). We
used as indicators past month use of tobacco products (cigarettes, cigars, smokeless tobacco,
e-cigarettes, hookah, snus, pipes, bidis, and kreteks) and regressed resulting classes on sociodemographic characteristics and tobacco dependence. Results: Nine classes emerged: cigarette smokers
(33.4% of sample, also included small probabilities for use of cigars and e-cigarettes), cigar smokers
(16.8%, nearly exclusive), smokeless tobacco users (12.3%, also included small probabilities for
cigarettes, cigars, snus), hookah smokers (11.8%), tobacco smokers/chewers (10.7%, variety of
primarily traditional tobacco products), tobacco/hookah smokers (7.2%), tobacco/snus/e-cig users
(3.3%), e-cigarette users (2.9%,), and polytobacco users (1.7%, high probabilities for all products).
Compared to cigarette smokers, tobacco/hookah smokers and hookah smokers were more likely to
report Hispanic ethnicity. Polytobacco users were more likely to report dependence (AOR:2.77, 95%
CI:[1.49–5.18]), whereas e-cigarette users were less likely (AOR:0.49, 95% CI:[0.24–0.97]).
Conclusion: Findings are consistent with other research demonstrating shifts in adolescent tobacco
product usage towards non-cigarette tobacco products. Continuous monitoring of these patterns is
needed to help predict if this shift will ultimately result in improved public health.
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1. Introduction
Cigarette smoking remains the leading preventable cause of
death in the United States, with estimates suggesting that
over 5 million youth, or two out of every 27 children alive in
the United States today, will die prematurely from cigarette
smoking (1). Tobacco use is established primarily during
adolescence, with 9 out of 10 of those with a history of daily
cigarette smoking first trying smoking by age 18, and 99%
first trying by age 26 (1,2). From 2011 to 2014, despite
cigarette smoking among high-school students declining
significantly from 16% to 9%, overall high-school tobacco
use remained steadily above 20% (3). Youth use of little
cigars (4), hookah (5,6), and electronic nicotine delivery
systems (“e-cigarettes”) (7) filled in the gap (3). At present,
despite ample evidence that cigarette smoking is linked to
premature death, the health risks related to other forms of
tobacco use are much more controversial (8–10).
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Rates of use of more than one tobacco product, i.e.,
polytobacco use, have remained stable and relatively high
in the United States among both young adults (11) and
high-school students (3), with some product combinations, such as cigarettes and smokeless tobacco, increasing
in frequency (11,12). In 2012, more than twice as many
youth used two or more tobacco products than cigarettes
alone (12). In 2014, an estimated 2.2 million middle- and
high-school students reported current use of 2 or more
tobacco products (3). Our understanding of the relationships between use of various tobacco products is profoundly limited, especially given concerns that
alternative tobacco products can act as a “gateway” or
“catalyst” towards cigarette smoking (13–15).
Latent Class Analysis (LCA) is a form of latent
modeling that groups individuals based on patterns of
questionnaire responses (“indicators”) (16–18). LCA
assumes that “latent”, i.e., unobserved, classes can be
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derived that explain any association between reported
indicators. This assumption implies that classes can be
interpreted as homogenous and distinct, so that within
any class the item reporting patterns differ only by
random error. The derived latent classes consist of
probabilities of indicator endorsement. LCA has been
used increasingly in drug dependence epidemiology
(19–23), and with polytobacco usage specifically based
on the 2009 wave of the National Youth Tobacco
Survey (NYTS) (24) and the 2010–2011 follow-up
wave of the Minnesota Adolescent Community
Cohort (MACC) (25). Although useful, these prior
analyses require updating, given the rapid changes in
the tobacco landscape. For example, the 2009 NYTS did
not include questions on hookah or e-cigarette usage,
while the 2010–2011 MACC analysis only examined
lifetime usage of tobacco products, as their sample
included relatively low rates of past-month hookah or
e-cigarette usage. Examining a more contemporary,
nationally representative survey is needed to better
understand patterns of youth tobacco use, particularly
in relation to more prevalent e-cigarette and hookah
usage. Additionally, it is important to examine these
groups in relation to age, gender, and race to better
understand contemporary usage patterns and longterm addiction risk. Thus, the present study aims to
use LCA to identify classes of youth tobacco users and
relate identified classes to sociodemographic and nicotine dependence variables.

2. Methods
2.1. Study sample and data collection
We constructed our dataset from the 2012 and 2013
waves of the National Youth Tobacco Survey (NYTS).
The NYTS is a complex survey using a stratified,
three-stage cluster design to produce a representative
sample of all middle- and high-school students in the
50 US states and DC. The survey includes students
enrolled in a middle- or high-school regardless of
their age. Non-Hispanic Black and Hispanic students
were oversampled (26,27). For the present analysis, we
used unweighted estimates. The protocols were
approved by Center for Disease Control and
Prevention Institutional Review Board-G (26–28).
The 2012 NYTS (N = 24,658) had a school participation rate of 80.3% and a student participation rate of
91.7%, for an overall rate of 73.6% (26). The 2013
NYTS (N = 18,406) had a school participation rate
of 74.8% and a student participation rate of 90.7%,
yielding an overall rate of 67.8% (27). We limited our
analyses to 2012 and 2013 as they were the most

recent datasets publicly available at the time of analysis that assessed a tobacco dependence variable (how
soon upon waking respondents reported tobacco craving). We restricted our analyses to respondents who
were past-30-day tobacco users and indicated use of at
least one of the nine tobacco products described
below, yielding 6,841 respondents.
2.2. Latent class indicators
Classes were based on past-30-day use of the nine
tobacco products outlined in Table 1. These
included cigarettes, cigars, smokeless tobacco, pipe,
bidis, kreteks, hookah, snus, and e-cigarettes. The
cigar product category explicitly included cigarillos
and little cigars. Smokeless tobacco was defined as
chewing tobacco, snuff, or dip. Pipe was explicitly
defined as not from a waterpipe, while the hookah
category was described as hookah or waterpipe.
Snus was described as including Camel or
Marlboro. The e-cigarette description included electronic cigarettes, such as Ruyan or NJOY.
2.3. Statistical analyses
The tobacco product items were coded as binary
indicators of a latent categorical variable in a LCA
using SAS SUDAAN. As this analysis involves some
tobacco products with fairly low usage that have been
left out of some prior studies, it was expected that the
models might include “boundary values”, i.e., probability estimates of zero or one. Although these values
are not necessarily unexpected, they result in estimates
for which it is impossible to calculate a standard error.
Thus, a rho (ρ)-stabilizing prior strength of 1 was used
to improve estimation and reduce the likelihood of
boundary values (29). This statement replaced the
STABILIZE command from prior versions of SAS
PROC LCA and acts similarly to the “Bayes constant”
for “categorical variables” in the latent class clustering
functionality in LatentGOLD (30).
Starting with one class and incrementally increasing
the number of classes, a series of LCA models were fit
to the data. We used Bayesian Information Criteria
(BIC) and sample size adjusted BIC (aBIC) as indicators of the optimal number of classes for the latent
categorical variable (18). Each class threshold was run
multiple times to ensure that we generated a global,
rather than local, maximum likelihood of the latent
class model. The utility and precision of the resulting
classes was assessed using entropy (31,32). Entropy
ranges from 0 to 1 with higher values indicating better
class separation. After the optimal number of classes for
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Table 1. Sample characteristics of 6841 past month tobacco
product users.1
Demographics
Gender
Male
Female
Age
9–13 years old
14–18 years old
19+ years old
Race/ethnicity
White, Non-Hispanic
Hispanic
Black, Non-Hispanic
Asian, Non-Hispanic
Other, Non-Hispanic
Tobacco Product Usage2
Cigarettes
Use in past 30 days
No use in past 30 days
Cigars (including cigarillos and little cigars)
Use in past 30 days
No use in past 30 days
Smokeless tobacco
Use in past 30 days
No use in past 30 days
Pipe (non-hookah)
Use in past 30 days
No use in past 30 days
Bidis
Use in past 30 days
No use in past 30 days
Kreteks (AKA cloves)
Use in past 30 days
No use in past 30 days
Hookah (AKA waterpipe, shisha, narghile)
Use in past 30 days
No use in past 30 days
Snus
Use in past 30 days
No use in past 30 days
E-cigarettes
Use in past 30 days
No use in past 30 days
Dependence Measure
First tobacco craving upon waking
Do not use tobacco or rarely want to use tobacco
After more than 1 hour but less than 24 hours
From more than 30 minutes to 1 hour
From 6 to 30 minutes
Within 5 minutes
1
2

n

%

4088
2738

59.9%
40.1%

829
5797
150

12.2%
85.6%
2.2%

3167
1730
953
136
653

47.7%
26.1%
14.3%
2.0%
9.8%

3785
2721

58.2%
41.8%

3497
3153

52.6%
47.4%

1717
4930

25.8%
74.2%

1388
5268

20.9%
79.1%

301
6082

4.7%
95.3%

302
6081

4.7%
95.3%

1441
4942

22.6%
77.4%

639
5744

10.0%
90.0%

1026
5357

16.1%
83.9%

3989
876
457
577
681

60.6%
13.3%
6.9%
8.8%
10.3%

Sub-categories do not always add up to total sample size due to missing
data.
Tobacco product usage variables were used as latent class indicators.

the latent categorical variables were determined, we
used the resulting probabilities to assign individuals to
classes based on Most Likely Class Membership for
analysis in a regression model. This approach is appropriate given adequate entropy. We refer to probabilities
ranging from 0.50-1.00 are as high, while probabilities
ranging from 0.10 to 0.49 are referred to as moderate.
The dependent variables in the multinomial logistic
regression model included the following four covariates: (1) race/ethnicity, coded as Non-Hispanic White,
Non-Hispanic Black, Hispanic ethnicity, Non-Hispanic
Asian, and Non-Hispanic Other; (2) sex; (3) age
bracket, coded as 9 to 13, 14 to 18, and 19 or older;
and (4) how soon after waking each respondent wanted

3

to use tobacco, used as a proxy for nicotine dependence
(33), coded as <5 minutes, from 6 to 30 minutes, from
30 minutes to an hour, from 1 hour to less than 24
hours, and rarely or never wanting to use tobacco.

3. Results
3.1. Fit statistics
Based on both BIC and aBIC, we chose a 9-class model.
BIC decreased for each subsequent model from 1-class
to 8-classes, but the BIC for the 8, 9, and 10 class
models were 1542.33, 1525.20, and 1597.95, respectively. The aBIC similarly showed a change in direction
following the 9-class model with values of 1291.29,
1242.38, and 1283.35 for the 8 to 10 class models.
Entropy for the 9-class model is 0.78. Potential upper
limit boundary values were found for cigarette smoking
among class 1 and for cigar smoking among class 2
(34). One potential lower limit boundary value was
found for snus among class 2. All other probability
estimates included standard errors between 0 and 1.
3.2. Class descriptions
Table 2 shows estimated probabilities for past-month
tobacco use for each latent class. The first class delineated
in the model, comprising almost a third of the sample of
youth tobacco users, consisted of an extremely high probability for cigarette smoking (1.00) and moderate probabilities for cigar smoking (0.36) and e-cigarette use
(0.14), but near-zero probabilities for all other forms of
tobacco use (all < 0.07). They are thus referred to as
“Cigarette Smokers.” The second class, consisting of
16.8% of the sample, demonstrated high probabilities for
smoking cigars (including little cigars and cigarillos), but
near zero probabilities for all other types of tobacco use
and thus is referred to as “Cigar Smokers.” The third
largest class, consisting of 12.3% of the sample, involved
a high probability for smokeless tobacco use and moderate (0.19–0.27) probabilities for cigar smoking, cigarette
smoking, and snus use, but near-zero probabilities for all
other types of tobacco use, leading to a class title of
“Smokeless Tobacco Users.”
As shown in Table 2, more than one-ninth of all
young tobacco users were categorized in the fourth
class, which included a fairly high probability for
hookah smoking, as well as moderate probabilities
for pipe and cigar smoking. This class is referred to
as ‘Hookah Smokers.” The fifth class includes high
probabilities for cigarette and cigar smoking, as well
as smokeless tobacco and pipe use, with moderate
probabilities for all other tobacco products (range
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Table 2. Probabilities and standard errors of past-month tobacco product usage by latent class of 6841 youth tobacco users.

Tobacco products

LC1
LC2
LC3
(n = 2287, (n = 1149,
(n = 843,
33.4%)
16.8%)
12.3%)
Cigarette
Cigar
Smokeless
Smokers
Smokers Tobacco Users

Cigarettes
Cigars
Smokeless Tobacco
Hookah
Pipe
Snus
E-cigarettes
Bidis
Kreteks

1.00 (0.00)
0.36 (0.04)
0.03 (0.04)
0.06 (0.03)
0.05 (0.03)
0.04 (0.01)
0.14 (0.01)
0.01 (0.00)
0.01 (0.01)

0.02 (0.07)
1.00 (0.00)
0.00 (0.00)
0.02 (0.04)
0.06 (0.01)
0.00 (0.00)
0.00 (0.00)
0.01 (0.00)
0.02 (0.01)

0.27 (0.07)
0.19 (0.03)
0.96 (0.01)
0.00 (0.00)
0.00 (0.01)
0.22 (0.02)
0.01 (0.01)
0.00 (0.00)
0.01 (0.00)

LC4
(n = 804,
11.8%)
Hookah
Smokers
0.01 (0.01)
0.29 (0.08)
0.07 (0.02)
0.74 (0.04)
0.36 (0.03)
0.00 (0.00)
0.03 (0.04)
0.05 (0.01)
0.02 (0.01)

LC5
(n = 729,
10.7%)
Tobacco
Smoke/
Chewers
0.87 (0.03)
0.89 (0.04)
0.75 (0.11)
0.27 (0.05)
0.69 (0.06)
0.18 (0.06)
0.16 (0.07)
0.13 (0.03)
0.14 (0.03)

LC6
(n = 493,
7.2%)
Tobacco/
Hookah
Smokers
0.84 (0.13)
0.65 (0.07)
0.00 (0.00)
0.63 (0.20)
0.49 (0.09)
0.04 (0.03)
0.36 (0.10)
0.06 (0.03)
0.07 (0.03)

LC7
(n = 223,
3.3%)
Tobacco/
Snus/E-cig
0.83 (0.09)
0.59 (0.12)
1.00 (0.00)
0.28 (0.09)
0.20 (0.24)
0.55 (0.16)
0.48 (0.10)
0.01 (0.02)
0.02 (0.02)

LC8
LC9
(n = 200, 2.9%) (n = 113,
E-cigarette
1.7%)
Users
Polytobacco
0.01 (0.03)
0.94 (0.02)
0.22 (0.04)
0.91 (0.00)
0.00 (0.11)
0.86 (0.05)
0.05 (0.05)
1.00 (0.00)
0.02 (0.06)
0.92 (0.03)
0.00 (0.06)
0.97 (0.03)
1.00 (0.07)
0.92 (0.04)
0.01 (0.03)
0.95 (0.03)
0.04 (0.03)
0.90 (0.04)

Note: Probabilities greater than 0.49 are shown in bold. Probabilities ranging from 0.10-0.49 are shown in italics.

between 0.13 for bidis to 0.27 for hookah). This
class is referred to as “Tobacco Smokers/Chewers.”
The sixth class, comprised of 7.2% of the sample,
includes a high probability of cigarette, cigar, and
hookah smoking and moderate probabilities for pipe
and e-cigarette use. As the class with the second
highest probability of hookah use, this class is
referred to as “Tobacco/Hookah Smokers.”
Class 7 consisted of individuals with high probabilities
for cigarettes, smokeless tobacco, cigars, and snus, as well
as moderate probabilities for e-cigarettes, hookah, and
pipe usage. Given that this class includes the highest
probability of snus use of all the 9 classes, as well as a
relatively high probability of e-cigarette usage, we refer to
this class as “Tobacco/Snus/E-cig Users.” The next class,
accounting for 2.9% of all youth tobacco users in 2012 and
2013, consisted of a very high probability of e-cigarette
use (0.999), a moderate probability of cigar smoking
(0.22), and near-zero probabilities for all other forms of
tobacco use; we thus refer to this class as “E-cigarette
Users.” We considered using the term “Vapers”, a common colloquial term for e-cigarette users, but there are
concerns this term increases the risk of the misperception
that e-cigarettes emit a harmless water vapor, rather than
a complex aerosol mix of questionable health consequence. The final class, consisting of less than 2% of the
total sample, included very high probabilities for all
tobacco products examined. We thus refer to this class
as “Polytobacco Users.”

3.3. Class relationships with sociodemographics
and dependence
As the largest class and the most similar to historical
norms, Cigarette Smokers are used as the reference
class. As shown in Table 3, compared to children under
13 years old, those 14–18 years old were more likely to be

Tobacco/Hookah Smokers. In regards to race/ethnicity,
African-Americans were 1.6 times more likely than
Whites to be Cigar Smokers, but less likely to be
Smokeless Tobacco Users. Hispanics were more likely
than Whites to be both Hookah Smokers and Tobacco/
Hookah Smokers. Those identifying their race as Other
were more likely to be Polytobacco Users. Regarding the
measure of dependence, E-cigarette Users were less likely
than Cigarette Smokers to report any craving for a
tobacco product in the first five minutes after waking, as
compared to reporting not using tobacco or rarely wanting to use tobacco. Polytobacco Users were more likely to
report tobacco craving in the first five minutes after
waking.

4. Discussion
Classes demonstrate new forms of tobacco use. Classes
relatively dominated by a single substance emerged for
cigarettes, cigars, smokeless tobacco usage, and e-cigarettes,
while five additional classes (Hookah Smokers, Tobacco
Smokers/Chewers, Cigarette/Hookah Smokers, Tobacco/
Snus/E-cig users, Polytobacco users) revealed a variety of
tobacco product usage patterns. Although still the leading
form of youth tobacco use in 2012 and 2013, the latent class
“Cigarette Smokers” in the present study accounted for
about a third of all tobacco usage and also included some
notable probabilities of cigar and e-cigarette usage. This
demonstrates a shift in youth tobacco product typologies.
This contrasts with, for example, a LCA of the 2009 NYTS,
a dataset which did not include information on hookah or
e-cigarette use and was instead based on levels of lifetime
cigarette smoking, cigarette consumption patterns, and
past-month use of smokeless tobacco, cigars, bidis, and
kreteks (35). The identified solution included classes of
both daily and non-daily smokers that differed drastically
in use of non-cigarette tobacco products. At the time,

0.99 (0.80–1.23)
1.00
1.00
0.95
1.11

Referent
1.05 (0.87–1.26)

Referent
0.98 (0.74–1.30)
0.99 (0.69–1.41)
0.81 (0.59–1.13)
0.85 (0.60–1.2)
(0.80–1.30)
(0.67–1.47)
(0.65–1.38)
(0.80–1.54)

0.97 (0.48–1.95)
0.67 (0.51–0.95)
0.81 (0.60–1.09)
1.03 (0.70–1.52)

1.01 (0.68–1.49)
0.77 (0.33–1.84)

1.30 (0.70–2.41)
1.60 (1.24–2.06)
1.12 (0.85–1.49)
1.24 (0.91–1.69)

Referent

Referent
1.07 (0.72–1.60)
0.65 (0.29–1.43)

LC3 Smokeless Tobacco
Users
(n = 843)

0.90
1.10
0.95
0.87

(0.60–1.20)
(0.73–1.66)
(0.66–1.36)
(0.62–1.23)

1.05 (0.51–1.30)

1.41 (0.61–3.27)
1.01 (0.66–1.54)
1.54 (1.13–2.11)
0.88 (0.61–1.28)

0.90 (0.61–1.34)
1.45 (0.70–2.99)

LC4 Hookah
Smokers
(n = 804)

(0.27–1.3)
(0.54–1.02)
(0.87–1.49)
(0.71–1.59)

0.80
0.84
1.02
1.05

(0.60–1.10)
(0.57–1.24)
(0.73–1.44)
(0.74–1.49)

1.04 (0.85–1.28)

0.60
0.74
1.14
1.07

0.93 (0.67–1.30)
1.07 (0.50–2.29)

LC5 Tobacco
Smoke/Chewers
(n = 729)

2

Includes little cigars and cigarillos.
After waking.
Referent category = LC1 Cigarette Smokers (n = 2287). Significant (p < .05) adjusted odds ratios are shown in bold.

1

Age
9–13
14–-18
19–21
Race/ethnicity
White, NonHispanic
Asian, Non-Hispanic
Black, Non-Hispanic
Hispanic
Other
Sex
Male
Female
First tobacco craving2
Rare/Never
1–24 hours
30 minutes–1 hour
6–30 minutes
Within 5 minutes

LC2 Cigar
Smokers1
(n = 1149)

Table 3. Adjusted odds ratios for class membership for 6841 youth tobacco users.

0.70
0.97
0.91
1.44

(0.5–1.1)
(0.64–1.49)
(0.58–1.42)
(0.94–2.21)

0.95 (0.73–1.24)

1.27 (0.55–2.91)
0.96 (0.61–1.52)
1.46 (1.07–1.99)
1.27 (0.77–2.1)

1.62 (1.03–2.54)
0.90 (0.35–2.34)

LC6 Tobacco /Hookah
Smokers
(n = 493)

(0.13–1.92)
(0.45–1.79)
(0.63–1.31)
(0.36–1.22)

1.10
0.81
0.89
1.16

(0.7–1.6)
(0.42–1.55)
(0.47–1.67)
(0.67–2.00)

0.84 (0.58–1.21)

0.50
0.90
0.91
0.66

0.87 (0.54–1.42)
1.53 (0.47–4.94)

LC7 Tobacco /Snus /Ecig
(n = 223)

(0.13–1.82)
(0.40–1.32)
(0.49–1.27)
(0.37–1.40)

0.70 (0.40–1.30)
0.67 (0.34–1.32)
0.63 (0.32–1.24)
0.49 (0.24–0.97)

1.08 (0.77–1.50)

0.48
0.73
0.79
0.72

0.98 (0.50–1.89)
1.95 (0.65–5.84)

LC8 E-cigarette
Users
(n = 200)

0.90 (0.40–2.00)
0.76 (0.29–1.94)
0.73 (0.29–1.81)
2.77 (1.49–5.18)

1.44 (0.88–2.35)

0.78 (0.14–4.45)
0.80 (0.36–1.76)
1.03 (0.56–1.89)
2.71 (1.49–4.92)

1.91 (0.87–4.21)
3.40 (0.57–20.1)

LC9
Polytobacco
(n = 113)
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51.9% of youth cigarette smokers reported use of any noncigarette tobacco product. In contrast, in the present analysis, 70.5% of past-month cigarette smokers reported use
of at least one other tobacco product.
The shift from relatively exclusive cigarette smoking to
more diverse forms of tobacco use can further be seen in
analyses of the 2010–2011 Minnesota Adolescent
Community Cohort (25). A LCA from this manuscript
involved six items including any past-month use for
cigarette smoking and any lifetime use for smokeless
tobacco, snus, e-cigarettes, hookah, and cigarillos. The
majority of participants in this survey were included in a
class (“No/limited use”, 60%) characterized by low probabilities for any use. The next most prevalent class,
“Cigarette smokers” (13%), was followed closely by latent
classes for lifetime use of “Cigarillos/hookah” (10%) and
“Snuff/snus” (10%), as well as a less prevalent class of
“Poly-users” (7%). Our analysis here represents additional
transition as classes with current (rather than lifetime) use
of non-cigarette products emerge. This decline in the
dominance of cigarette smoking among young tobacco
users is likely due to multiple factors, such as increased
stigmatization of cigarette smoking (36), higher taxes and
regulation of cigarettes (37), and perception of reduced
harm for other tobacco products (38,39).
Next to Cigarette Smokers, the next most prevalent
class was Cigar Smokers. The questions used by the 2012
and 2013 NYTS do not discriminate between different
types of cigars, such as cigarillos (“little cigars”).
However, it is likely that youth reporting cigar use are
more likely to be using little cigars, particularly brands
such as Black & Milds, rather than full-size and often
more expensive cigars (24,40–43). Cigarillos can be quite
similar to cigarettes in terms of size and manufacturing
process, but are classified as cigars based on the use of
tobacco or tobacco-based wrappers. In the United States,
all types of cigars are currently unregulated by the
federal government, although they are included in the
deeming statement (44). Due to current unregulated
status and concurrent lack of federal taxes, they are
allowed to be sold individually and can be much less
expensive than standard cigarettes (45). This may partially explain the finding here that Black tobacco users
were more likely than White tobacco users to be classified as Cigar Smokers, rather than Cigarette Smokers.
Increased cigar smoking among African-Americans
relative to Whites appears to be a relatively recent phenomenon, with rates among African-American youth
increasing somewhat dramatically from 2011 to 2012,
but remaining relatively stable for other racial groups
(43). In 2014, e-cigarettes were the most commonly used
tobacco product among White and Hispanic youth, but,
for African-Americans, cigar use was more common (3).

Smokeless Tobacco User classification, on the other
hand, was less likely among African-American children
and adolescents, consistent with other research (46–48).
Notably, the Smokeless Tobacco User classification
included moderate probabilities for past-month cigarette, cigar, and snus use, similar to other findings indicating exclusive ST use is relatively rare (49,50). High
probability of ST use, as well as cigarette and cigar
smoking, was also present in the Tobacco Smokers/
Chewers and Tobacco/Snus Users groups. Given that
there is limited evidence of associations between ST use
and tobacco-related disease risk (10), it will be important to continue to enhance our understanding of
mechanisms and pathways linking smokeless tobacco
usage and cigarette smoking.
In contrast to the first three classes, classes involving
hookah use included a relatively lower probability of
hookah use in combination with moderate and high
probabilities for usage of other substances. Hookah
lounges are increasingly prevalent and may increase
tobacco usage due to misperceptions of reduced harm
(51). This usage of tobacco and nicotine may result in
dependence (52). However, hookahs provide an inconvenient form of nicotine delivery and thus adolescents
may be tempted to begin to use other more convenient,
portable nicotine delivery forms, such as cigarettes,
cigars, pipes, and e-cigarettes. Indeed, some e-cigarettes
are marketed as “e-hookahs,” (53) perhaps capitalizing
on safety misperceptions and the need for more convenient forms of nicotine delivery as dependence increases.
Arguably in support of the concept of hookah use acting
as a gateway into other tobacco products, Tobacco/
Hookah Smokers were significantly more likely to be
older, whereas there was no age difference for the
Hookah Smokers class, which included much lower
probabilities of other tobacco product usage.
In contrast to prior research (54), we did not find
gender differences among classes with high probabilities
of hookah smoking. More recent research suggests similar
rates of hookah use among young adult men and women
(39,55). In terms of race/ethnicity, Hispanics were more
likely than Whites to be both Hookah Smokers and
Tobacco/Hookah Smokers, consistent with prior research
in Florida (56) and New Jersey (57). The reason for this
racial disparity, which has increased in recent years, is
unclear and may benefit from qualitative study (56).
E-cigarette use has shown astounding growth among
young tobacco users. In 2014, more youth were using
e-cigarettes than cigarettes (3). In 2012 and 2013,
e-cigarette use levels were more modest, although still
significantly higher than previous years. Notable probabilities of e-cigarette use were present in most of the
classes, suggesting increased experimentation. There was
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also a small class of nearly exclusive E-cigarette Users.
E-cigarette Users were less likely than Cigarette Smokers
to report early morning tobacco craving, suggestive of
lower levels of nicotine dependence. This is in contrast
to Polytobacco Users, a class with high probabilities of
reporting past-30 day use of all of the tobacco products
listed, who were more likely than Cigarette Smokers to
report early morning tobacco craving. Polytobacco
Users were also more likely to report identifying with a
racial group other than White, Asian, Black, or Hispanic.
4.1. Limitations
As a cross-sectional study, we cannot make any determinations regarding causal effects of these classes. For
example, the relationship between the E-cigarette Users
class and decreased rates of early morning craving may
be explained by multiple factors. For example, it could
be due to reduced levels of nicotine delivery in e-cigarettes, particularly those widely available in 2012 and
2013 (58,59). Alternatively, this association may instead
be explained by those who are less likely to develop
dependence for other reasons, such as individuals with
higher socioeconomic status or greater tendency to
avoid risk-taking, choosing to use e-cigarettes, a
tobacco product that many believe to carry the lowest
risk of harm (8). Additionally, it is unclear if the proxy
measure of nicotine dependence used is appropriately
modified. The measure used in the NYTS examines
time from waking to first tobacco craving, rather than
time to first cigarette. This seems appropriate given that
this population of children and adolescents may be less
likely to consume tobacco early in the morning. Indeed,
reports even of tobacco craving were relatively rare.
However, unlike the extensively studied and relatively
well-supported measure of time to first cigarette
(60,61), there is little literature on this measure of
time to first tobacco craving. Although research on
this measure for tobacco products other than cigarettes
is limited, current findings support its use (62,63).
Despite noted limitations, there are major strengths
of this study. For example, we have the advantage of a
large sample size that allows for latent analysis. Further
research can help examine if these classes are relatively
consistent in other populations or in other time frames.
Longitudinal research may help to understand if these
patterns of polytobacco usage are useful in the prediction of future health problems or difficulties in quitting.
Such longitudinal research is currently rare and what
does exist may be less relevant for the current tobacco
marketplace. For example, research on ST suggests
transitions into cigarette smoking are more common
among ST users than transitions out of cigarette
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smoking, but this research relies primarily on data
collected over a decade ago (50). Research on e-cigarettes is still in its infancy, but analyses in Los Angeles
(N = 2350) and nationwide (N = 694) suggest that
e-cigarette usage among young non-smokers is associated with increased risk of transitions to cigarette,
cigar, and hookah smoking (64,65).

5. Conclusion
Youth cigarette smoking declined in recent years, but
rates of overall youth tobacco use and polytobacco
usage (use of >1 tobacco product) remained stable.
Identified classes demonstrate new patterns of tobacco
product usage. These new patterns in tobacco product
usage are in need of continuous monitoring to better
understand if reductions in youth cigarette smoking,
but relatively sustained patterns of tobacco usage, ultimately result in overall improved public health.

Disclosure statement
All authors have no conflicts of interest to declare. Silvia S.
Martins was a consultant for Purdue Pharma until December
2014 for secondary data analysis unrelated to the one presented in this manuscript.

Funding
This work was supported by National Cancer Institute [grant
number R03CA195124].

ORCID
Paul T. Harrell

http://orcid.org/0000-0001-6588-7878

References
1. USDHHS. The Health Consequences of smoking-50
years of progress: a report of the surgeon general.
Atlanta, GA: U.S. Department of Health and Human
Services, Centers for Disease Control and Prevention,
National Center for Chronic Disease Prevention and
Health Promotion, Office on Smoking and Health; 2014.
2. USDHHS. Preventing Tobacco use among youth and
young adults: a report of the surgeon general. Atlanta,
GA: U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention, National
Center for Chronic Disease Prevention and Health
Promotion, Office on Smoking and Health; 2012.
3. Arrazola RA, Singh T, Corey CG, et al. Tobacco use
among middle and high school students - United
States, 2011-2014. MMWR Morb Mortal Wkly Rep
Apr 17 2015;64:381–385.
4. Shaw DM, Etter JF, Elger BS. Should academic journals
publish e-cigarette research linked to tobacco companies? Addiction Sep 28 2015.

8

P. T. HARRELL ET AL.

5. Barnett TE, Curbow BA, Weitz JR, Johnson TM, SmithSimone SY. Water pipe tobacco smoking among middle
and high school students. Am J Publ Health Nov
2009;99:2014–2019.
6. Grekin ER, Ayna D. Waterpipe smoking among college
students in the United States: a review of the literature.
J ACH 2012;60:244–249.
7. Grana RA. Electronic cigarettes: a new nicotine gateway? J Adolesc Health Feb 2013;52:135–136.
8. Kirby T. E-cigarettes declared 95% less harmful than
tobacco by UK health body. Lancet Respir Med Aug 28
2015.
9. Polosa R. E-cigarettes: public Health England’s evidence based confusion? Lancet Sep 4 2015.
10. Colilla SA. An epidemiologic review of smokeless
tobacco health effects and harm reduction potential.
Regul Toxicol Pharmacol Mar 2010;56:197–211.
11. Fix BV, O’Connor RJ, Vogl L, et al. Patterns and correlates
of polytobacco use in the United States over a decade:
NSDUH 2002–2011. Addict Behav Apr 2014;39:768–781.
12. Lee YO, Hebert CJ, Nonnemaker JM, Kim AE. Youth
tobacco product use in the United States. Pediatrics
Mar 2015;135:409–415.
13. Schneider S, Diehl K. Vaping as a catalyst for smoking?
An initial model on the initiation of electronic cigarette
use and the transition to tobacco smoking among
adolescents. Nicotine Tob Res Sep 18 2015.
14. Kandel DB, Kandel E. The Gateway Hypothesis of
substance abuse: developmental, biological and societal
perspectives. Acta Paediatr Feb 2015;104:130–137.
15. Kandel DB, Yamaguchi K, Chen K. Stages of progression in drug involvement from adolescence to adulthood: further evidence for the gateway theory. J Stud
Alcohol Sep 1992;53:447–457.
16. Pickles A, Bolton P, Macdonald H, et al. Latent-class
analysis of recurrence risks for complex phenotypes with
selection and measurement error: a twin and family
history study of autism. Am J Hum Genet 1995;57:717.
17. Muthén B, Muthén LK. Integrating person-centered
and variable-centered analyses: Growth mixture modeling with latent trajectory classes. Alcohol Clin Exp
Res 2000;24:882–891.
18. Nylund KL, Asparouhov T, Muthén BO. Deciding on
the number of classes in latent class analysis and
growth mixture modeling: a Monte Carlo simulation
study. Struct Equ Model 2007;14:535–569.
19. Agrawal A, Lynskey MT, Madden PA, Bucholz KK,
Heath AC. A latent class analysis of illicit drug abuse/
dependence: results from the National Epidemiological
Survey on Alcohol and Related Conditions. Addiction
Jan 2007;102:94–104.
20. Harrell PT, Mancha BE, Petras H, Trenz RC, Latimer
WW. Latent classes of heroin and cocaine users predict
unique HIV/HCV risk factors. Drug Alcohol Depend
May 1 2012;122:220–227.
21. Piper ME, Bolt DM, Kim SY, et al. Refining the tobacco
dependence phenotype using the Wisconsin Inventory
of Smoking Dependence Motives. J Abnorm Psychol
Nov 2008;117:747–761.
22. Rinker DV, Neighbors C. Latent class analysis of DSM-5
alcohol use disorder criteria among heavy-drinking college
students. J Subst Abuse Treat 2015;57:81–88.

23. McCarthy DE, Ebssa L, Witkiewitz K, Shiffman S. Paths
to Tobacco Abstinence: A Repeated-Measures Latent
Class Analysis. J Consult Clin Psychol Apr 13 2015.
24. Nasim A, Blank MD, Berry BM, Eissenberg T. Cigar
use misreporting among youth: data from the 2009
Youth Tobacco Survey, Virginia. Preventing Chronic
Dis 2012;9:E42.
25. Erickson DJ, Lenk KM, Forster JL. Latent classes of
young adults based on use of multiple types of
tobacco and nicotine products. Nicotine Tob Res
Mar 6 2014.
26. CDC. National Youth Tobacco Survey Methodology
Report. Atlanta, Georgia, USA; 2012.
27. CDC. National Youth Tobacco Survey Methodology
Report. Atlanta, Georgia, USA; 2013.
28. Fulmer EB, Neilands TB, Dube SR, Kuiper NM,
Arrazola RA, Glantz SA. Protobacco media exposure
and youth susceptibility to smoking cigarettes, cigarette
experimentation, and current tobacco use among US
youth. PLoS One 2015;10:e0134734.
29. Lanza ST, Dziak JJ, Huang L, Wagner A, Collins LM.
PROC LCA & PROC LTA users’ guide (Version 1.3.2).
University Park: The Methodology Center, Penn State;
2015. Available at: http://methodology.psu.edu.
30. Vermunt JK, Magidson J. Latent GOLD 4.0 userʹs
guide. Belmont, Massachusetts: Statistical Innovations,
Inc.; 2005a
31. Ramaswamy V, DeSarbo WS, Reibstein DJ, Robinson
WT. An empirical pooling approach for estimating
marketing mix elasticities with PIMS data. Market Sci
1993;12:103–124.
32. Celeux G, Soromenho G. An entropy criterion for
assessing the number of clusters in a mixture model.
J Classification. 1996;13:195–212.
33. Baker TB, Piper ME, McCarthy DE, et al. Time to
first cigarette in the morning as an index of ability to
quit smoking: implications for nicotine dependence.
Nicotine Tob Res December 1, 2007 2007;9:S555–
S570.
34. Galbraith J, Moustaki I, Bartholomew DJ, Steele F. The
analysis and interpretation of multivariate data for
social scientists. Boca Raton, FL: CRC Press; 2002.
35. Nasim A, Blank MD, Cobb CO, Eissenberg T. Patterns
of alternative tobacco use among adolescent cigarette
smokers. Drug Alcohol Depend Jul 1 2012;124:26–33.
36. Stuber J, Galea S, Link BG. Smoking and the emergence of a stigmatized social status. Soc Sci Med Aug
2008;67:420–430.
37. van Hasselt M, Kruger J, Han B, et al. The relation
between tobacco taxes and youth and young adult
smoking: what happened following the 2009 U.S. federal tax increase on cigarettes? Addict Behav Jun
2015;45:104–109.
38. Harrell PT, Marquinez NS, Correa JB, et al.
Expectancies for cigarettes, e-cigarettes, and nicotine
replacement therapies among e-cigarette users (aka
vapers). Nicotine Tob Res Off J Soc Res Nicotine Tob
Feb 2015;17:193–200.
39. Barnett TE, Shensa A, Kim KH, Cook RL, Nuzzo E,
Primack BA. The predictive utility of attitudes toward
hookah tobacco smoking. Am J Health Behavior
2013;37.

THE AMERICAN JOURNAL OF DRUG AND ALCOHOL ABUSE

40. Li J, Newcombe R, Newcombe R, Walton D.
Susceptibility to e-cigarette use among never-users:
findings from a survey of New Zealand adult smokers
and ex-smokers. N Z Med J 2015;128:65–68.
41. Terchek JJ, Larkin EM, Male ML, Frank SH. Measuring
cigar use in adolescents: Inclusion of a brand-specific
item. Nicotine Tob Res 2009;11:842–846.
42. Eadie D, Stead M, MacKintosh AM, et al. E-cigarette
marketing in UK stores: an observational audit and
retailers’ views. BMJ Open 2015;5:e008547.
43. Rait MA, Prochaska JJ, Rubinstein ML. Reporting of
cigar use among adolescent tobacco smokers. Addictive
Behaviors 2015.
44. DHHS:FDA. Deeming tobacco products to be subject
to the federal food, drug, and cosmetic act, as amended
by the family smoking prevention and tobacco control
act; regulations on the sale and distribution of tobacco
products and required warning statements for tobacco
products; proposed rule (21 CFR Part 1143). Fed Reg
2014;79:23142–23207.
45. Cantrell J, Kreslake JM, Ganz O, et al. Marketing little
cigars and cigarillos: advertising, price, and associations with neighborhood demographics. Am J Publ
Health Oct 2013;103:1902–1909.
46. Bhattacharyya N. Trends in the use of smokeless
tobacco in United States, 2000–2010. Laryngoscope
Oct 2012;122:2175–2178.
47. Crotty Alexander L, Fuster M, Montgrain P, Malhotra
A. The need for more e-cigarette data: a call to action.
Am J Respir Crit Care Med Aug 1 2015;192:275–276.
48. Kim AE, Loomis B, Rhodes B, Eggers ME, Liedtke C,
Porter L. Identifying e-cigarette vape stores: description
of an online search methodology. Tob Control Jul 23 2015.
49. Arrazola RA, Kuiper NM, Dube SR. Patterns of current
use of tobacco products among U.S. high school students
for 2000–2012–findings from the National Youth
Tobacco Survey. J Adolesc Health Jan 2014;54:54–60 e59.
50. Tam J, Day HR, Rostron BL, Apelberg BJ. A systematic
review of transitions between cigarette and smokeless
tobacco product use in the United States. BMC Publ
Health 2015;15:258.
51. Nuzzo E, Shensa A, Kim KH, et al. Associations
between hookah tobacco smoking knowledge and hookah smoking behavior among US college students.
Health Edu Res 2013;28:92–100.
52. Jarrett T, Blosnich J, Tworek C, Horn K. Hookah use
among US college students: results from the National
College Health Assessment II. Nicotine Tob Res 2012:
nts003.
53. Zhu SH, Sun JY, Bonnevie E, et al. Four hundred and
sixty brands of e-cigarettes and counting: implications
for product regulation. Tob Control 2014;23:ii3–ii9.

9

54. Maziak W, Ward KD, Eissenberg T. Interventions for
waterpipe smoking cessation. Cochrane Database Syst
Rev 2007:CD005549.
55. Barnett TE, Smith T, He Y, et al. Evidence of emerging
hookah use among university students: a cross-sectional comparison between hookah and cigarette use.
BMC Publ Health 2013;13:302.
56. Barnett TE, Forrest JR, Porter L, Curbow BA. A
multiyear assessment of hookah use prevalence
among Florida high school students. Nicotine Tob
Res Off J Soc Res Nicotine Tob Mar 2014;16:373–
377.
57. Bover Manderski MT, Hrywna M, Delnevo CD.
Hookah use among New Jersey youth: associations
and changes over time. Am J Health Behavior Sep
2012;36:693–699.
58. Vansickel AR, Eissenberg T. Electronic cigarettes:
effective nicotine delivery after acute administration.
Nicotine Tob Res Jan 2013;15:267–270.
59. Farsalinos KE, Spyrou A, Tsimopoulou K,
Stefopoulos C, Romagna G, Voudris V. Nicotine
absorption from electronic cigarette use: comparison between first and new-generation devices. Sci
Rep 2014;4:4133.
60. Borland R, Yong HH, O’Connor RJ, Hyland A,
Thompson ME. The reliability and predictive validity
of the Heaviness of Smoking Index and its two components: findings from the International Tobacco
Control Four Country study. Nicotine Tob Res Oct
2010;12:S45–50.
61. Fagerstrom K. Time to first cigarette; the best single
indicator of tobacco dependence? Monaldi archives for
chest disease = Archivio Monaldi per le malattie del
torace/Fondazione clinica del lavoro, IRCCS [and]
Istituto di clinica tisiologica e malattie apparato respiratorio, Universita di Napoli, Secondo Ateneo. Jan–Mar
2003;59:91–94.
62. Rodu B, Plurphanswat N, Fagerstrom K. Time to first
use among daily smokers and smokeless tobacco users.
Nicotine Tob Res Jul 2015;17:882–885.
63. Fagerstrom K, Eissenberg T. Dependence on
tobacco and nicotine products: a case for productspecific assessment. Nicotine Tob Res Nov
2012;14:1382–1390.
64. Leventhal AM, Strong DR, Kirkpatrick MG, et al.
Association of electronic cigarette use with initiation
of combustible tobacco product smoking in early adolescence. JAMA Aug 18 2015;314:700–707.
65. Primack BA, Soneji S, Stoolmiller M, Fine MJ, Sargent
JD. Progression to traditional cigarette smoking after
electronic cigarette use among US adolescents and
young adults. JAMA Pediatrics 2015:1–7.

