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Abstract

Introduction: We examined trends in seven mutually exclusive tobacco product use patterns 
(T-PUPs) in nationally representative samples of U.S. youth over time and age.
Methods: We used time varying effect modeling on National Youth Tobacco Surveys, 1999–2014 
(N = 38 662, 9–17 years, M = 15.02). Regression coefficients were estimated as a non-parametric 
function of time. T-PUPs were cigarette only, non-cigarette combustible only, noncombustible only, 
non-cigarette combustible and noncombustible dual, cigarette and noncombustible dual, cigarette 
and non-cigarette combustible dual, and POLY (i.e. cigarettes, non-cigarette combustibles, and 
noncombustibles) use.
Results: Among youth tobacco users, cigarette only use was the predominant T-PUP from 1999 to 
2010. After 2010 and 2013, non-cigarette combustible only (AOR 1.38, CI = 1.02–1.87) and noncom-
bustible only (AOR 1.57, CI = 1.00–2.45) use became more prevalent than cigarette only use. In 2011, 
dual and POLY T-PUPs were on the rise although not significantly different from cigarette only use.

Cigarette only use was the predominant T-PUP among 11- to 17-year-old tobacco users. Non-
cigarette combustible only (AOR 0.14, CI = 0.10–0.19), noncombustible only (AOR 0.01, CI = 0.008–
0.02), non-cigarette combustible and noncombustible (AOR 0.01, CI  =  0.01–0.03), cigarette and 
noncombustible (AOR 0.02, CI = 0.01–0.04), cigarette and non-cigarette combustible (AOR 0.32, 
CI = 0.24–0.43), and POLY (AOR 0.02, CI = 0.01–0.04) use were less prevalent than cigarette only 
use at age 17.
Conclusions: Non-cigarette, dual, and POLY T-PUPs are rising among youth tobacco users. 
Screening for all tobacco use and delivering treatment during pediatrician visits should be stand-
ard clinical practice.
Implications: Tracking trends in tobacco product use patterns (T-PUPs) over time and age is neces-
sary to achieve Healthy People 2020 goal of reducing tobacco use among youth. Trends over time 
show a rise of non-cigarette T-PUPs especially noncombustible products but cigarette only use 
remains the most prevalent among 11- to 17-year-old tobacco users. The recent extension of FDA’s 
regulatory jurisdiction over all tobacco products (e.g. e-cigarettes, hookah) is a step toward com-
prehensive tobacco control especially among youth. Public health practitioners should extend pre-
vention and cessation efforts among youth to T-PUPs beyond exclusive cigarette smoking.

http://www.oxfordjournals.org/
mailto:sherine.el-toukhy@nih.gov?subject=
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Introduction

Reducing tobacco use among youth is an objective of Healthy 
People 2020.1 Defined as tobacco-containing products made for 
human consumption,2 tobacco products were largely exempt from 
health regulations prior to 2009 unless health claims were made.3 
The Food and Drug Administration (FDA) has regulated cigarettes, 
roll-your-own cigarettes, and smokeless tobacco since 2009 under 
the Family Smoking Prevention and Tobacco Control Act.3 FDA’s 
authority extended to all tobacco products (i.e. cigarettes, all cigars, 
pipe tobacco, e-cigarettes, hookah, dissolvable tobacco, smokeless 
tobacco, roll-your-own, and any other products that meet the defin-
ition of a tobacco product under the Tobacco Control Act) in 2016.3

Sensitivity to low levels of nicotine puts youth at higher risk of 
nicotine dependency, heavy and continued cigarette use into adult-
hood compared to adults.4,5 Youth who use non-cigarette tobacco 
products exhibit similar levels of nicotine dependence as cigarette 
smokers.6 Further, youth who use multiple tobacco products are 
at greater risks of nicotine dependency and detrimental health and 
social outcomes compared to users of single tobacco products.7

National surveillance data show that youth cigarette smoking 
has declined. Among U.S. 8th, 10th, and 12th graders, past 30-day 
cigarette use dropped from 20.7% in 1991 to 7.0% in 2015.8 
However, any tobacco use climbed from 20.4% in 20129 to 24.6% 
in 201410 among high-school students, which could be attributed to 
use of non-cigarette combustible and noncombustible tobacco prod-
ucts. Among U.S. youth, use of large cigars was at 4.2%, flavored 
little cigars at 7.1%, regular little cigars at 4.9%, smokeless tobacco 
at 4.7%, and e-cigarettes at 13.2% in 2015.8 In 2014, use of any two 
or more tobacco products was at 3.1% and 12.7% among U.S. mid-
dle- and high-school students, respectively.11

Much is known about trends in youth cigarette use and age of 
onset.12 Conversely, little is known about trends in non-cigarette 
tobacco products, dual, and polytobacco use. Additionally, no study 
to date has identified ages at which youth adopt these use patterns. 
This is due to limitations in current literature on youth tobacco 
use. Typically, studies have focused on single tobacco products (e.g. 
water pipe)13 or inconsistently defined dual and polytobacco use. For 
example, Arrazola and colleagues combined dual and polytobacco 
use into one broad pattern of two or more tobacco products use.11 
Conversely, Lee and colleagues identified fine-grained dual and poly-
tobacco patterns that reflected 11 different combinations of tobacco 
products use (e.g. hookah and cigarettes, two noncombustible prod-
ucts, three or more products).14

To capture the totality of youth tobacco use, El-Toukhy and 
Choi proposed a new classification of tobacco product use patterns 
(T-PUPs) based on number (i.e. single, dual, polytobacco) and cat-
egories (i.e., cigarette, non-cigarette combustible, noncombustible) 
of tobacco products used.15 The underlying premise of the T-PUPs 
model is to group users of tobacco product(s) that share a similar 
nicotine delivery mechanism. The seven T-PUPs are cigarettes only 
use, non-cigarette combustibles only use, noncombustibles only use, 
non-cigarette combustibles and noncombustibles dual use, cigarettes 
and noncombustibles dual use, cigarettes and non-cigarette combus-
tibles dual use, and POLY use (i.e. cigarettes, non-cigarette combusti-
bles, noncombustibles). Cigarettes, although a combustible product, 
are a separate category because of their differential consumption 
rates16,17 and associated health risks18 than non-cigarette combustible 
products. Non-cigarette combustibles include cigars, cigarillos, lit-
tle cigars, pipe, roll-your-own cigarettes, bidis, clove cigarettes, and 
hookah whereas noncombustibles include chewing tobacco, snuff, 

dip, snus, dissolvable tobacco, and e-cigarettes. Applying T-PUPs 
model to the 2012 National Youth Tobacco Survey (NYTS), we 
found that users who adopted certain T-PUPs differed in their demo-
graphic profile (e.g. gender, race, and ethnicity), and exposure and 
receptivity to pro-tobacco marketing.15

This paper aimed to examine the extent to which the prevalence 
of T-PUPs varied over time (1999–2014) and age (9–17 years old) 
among U.S. youth. We extend the literature in several ways. First, 
by examining seven mutually exclusive T-PUPs, we overcome limita-
tions of existing literature, which excludes certain use patterns (e.g. 
exclusive non-cigarette use) and/or inconsistently classifies dual and 
polytobacco use.9,14 Second, by examining trends in T-PUPs from 
1999 to 2014, we extend literature on non-cigarette tobacco prod-
ucts, which have documented use of non-cigarette products only in 
recent years. Third, by examining use patterns over age, we fill gaps 
in literature on age of use of non-cigarette tobacco products, dual, 
and polytobacco use. Finally, by examining all T-PUPs, we provide a 
comparative angle over time and age rather than examining individ-
ual T-PUPs in isolation.

Methods

Data Source
Initiated in 1999, NYTS is a multi-stage sample, self-administered, 
cross-sectional, nationally representative survey of tobacco know-
ledge, attitudes, and use among U.S. middle- and high-school stu-
dents. A  complete description of NYTS sampling procedures is 
available online.19 We used all available NYTS datasets from 1999 
to 2014: 1999, 2000, 2002, 2004, 2006, 2009, 2011, 2012, 2013, 
and 2014.

We limited our analyses to 17 years old or younger tobacco users 
who reported any tobacco use in the past 30 days (N = 38 662) des-
pite being prohibited by law to purchase tobacco products until age 
18.3,20,21 Sample size for individual survey years ranged from 2737 
(in 2011)  to 7667 (in 2000). Overall response rates ranged from 
68.4% (in 2013) to 84.8% (in 2009). The study is a secondary data 
analysis on de-identified data, which is exempt from Institutional 
Review Board.

Measures
Past 30-day use of tobacco products was assessed (i.e. “During the 
past 30 days, on how many days did you use [tobacco product]?” 
or “During the past 30 days, have you used [tobacco product] on at 
least one day?”). We classified users into one T-PUP if they reported 
use of any product from a parent category for at least one day and no 
products from other parent categories based on all tobacco products 
assessed in any given survey year. T-PUPs were: cigarette only use, 
non-cigarette combustible only use (i.e. cigars, cigarillos, little cigars, 
pipe, roll-your-own cigarettes, bidis, clove cigarettes, hookah, water 
pipe), noncombustible only use (i.e. chewing tobacco, snuff, dip, 
snus, dissolvable tobacco, e-cigarettes), non-cigarette combustible 
and noncombustible dual use, cigarette and noncombustible dual 
use, cigarette and non-cigarette combustible dual use, and POLY 
use.15 We include e-cigarettes because they are regulated in the U.S. 
as a product that meets the definition of a tobacco product under 
the Tobacco Control Act.3 Use questions for all aforementioned 
products consistently appeared in NYTS from 1999 to 2014 except 
for roll-your-own cigarettes, hookah, snus, dissolvable tobacco, and 
e-cigarettes that were absent in 1999 to 2009 and roll-your-own cig-
arettes and clove cigarettes that were absent in 2014. Noteworthy is 
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that dissolvable tobacco was introduced to the US market in 2001,22 
whereas e-cigarettes23 and snus24 were introduced in 2006.

To illustrate our classification of users into T-PUPs, participants 
were (1) cigarette only users if they reported use of cigarettes, but no 
use of any non-cigarette combustibles or noncombustibles; (2) non-
cigarette combustible exclusive users if they reported use of hookah, 
a non-cigarette combustible, but no use of cigarettes or any noncom-
bustibles; (3) non-cigarette combustible and noncombustible dual 
users if they reported use of little cigars, a non-cigarette combustible, 
and e-cigarettes, a noncombustible, but no use of cigarettes; and (4) 
POLY users if they reported use of roll-your-own cigarettes, a non-
cigarette combustible, e-cigarettes, a noncombustible, and cigarettes.

Information on gender, grade (middle school/high school), race 
and ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, 
non-Hispanic Asian, non-Hispanic other), and living with cigarette 
user (yes/no) were collected. Non-Hispanic other included American 
Indians, Alaska Natives, Native Hawaiians, and Pacific Islanders. 
Exposure to internet (“When you are using the internet, how often 
do you see ads for tobacco products?”) and in-store (“When you go 
to a convenience store, supermarket, or gas station, how often do you 
see ads for cigarettes and other tobacco products or items that have 
tobacco company names or pictures on them?”) tobacco advertising 
were dichotomized into “no” for responses “I don’t use the internet/ 
I never go to a convenience store, supermarket, or gas station” and 
“never see ads” and “yes” for responses “hardly ever or rarely see 
ads”, “most of the time”, “some of the time”, and “always”.

Data Analyses
Using SAS® version 9.3 (SAS Institute, Cary: NC), we conducted 
time varying effect modeling (TVEM)25 to examine prevalence of 
T-PUPs over two time metrics (i.e. chronological time and age). 
Chronological time reflects year of data collection (e.g. 1999) whereas 
age reflects age of participant captured by the question “how old 
are you?” TVEM is an extension of linear regression models where 
regression coefficients are estimated as a smooth function of time 
without prior assumptions regarding the shape of the relationship 
between variables. TVEM results are plotted in figures with 95% 
confidence intervals. Because TVEM produces an infinite number 
of data points, we highlight the highest or lowest points of TVEM 
irregular curves in the results section to represent model-estimated 
prevalence and adjusted odds ratios. However, the highest/lowest 
points of a TVEM curve reflect traditional time-invariant regression 
coefficients whereas the TVEM curve in its entirety reflects time-
varying modeling of the outcome.

First, we estimated intercept-only models for each T-PUP where 
t-pup is tobacco product use pattern (e.g. non-cigarette combustible 
only use) and β0 ( )t  is the log odds of T-PUP at a given time (t).

 ln ( )
p t pup

p t pup
t

−( )
− −( )
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Second, we examined the log odds of each T-PUP (slope function) 
compared to cigarette only use as a reference (coded 0). We used 
cigarette only use as the reference group because cigarettes are the 
most consumed tobacco product16 and are used by researchers and 
consumers as a reference for assessing perceived harmfulness of non-
cigarette tobacco products.26,27 We adjusted for gender, grade, race 
and ethnicity, living with a cigarette user, and exposure to tobacco 
advertising on the internet and in stores. We specified these covari-
ates as time-varying because their prevalence and/or associations 

with the outcome variable could vary over time. For example, self-
reported exposure to tobacco advertising on the internet among 
youth in grades 6 through 12 increased from 2000 to 2004;28 point-
of-sale expenditure ranged from $329.4 million in 199929 to $238.2 
million in 2014 for cigarettes;30 use of tobacco products fluctuated 
over time;8–10 and T-PUPs users vary by race/ethnicity and gender.15 
We included survey year as a covariate when examining T-PUPs over 
age. TVEM automatically excludes observations with missing data 
for the outcome or covariates. In our analyses, no missing data were 
present in the intercept-only models whereas missing data ranged 
from 6.8% to 7.7% in the T-PUPs log odds models.
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Results

Weighted sample characteristics appear in Table 1. The sample was 
57.7% male; 64.3% non-Hispanic White, 12.5% non-Hispanic 
Black, 19.7% Hispanic, 1.5% non-Hispanic Asian, and 1.7% non-
Hispanic other; and 73.3% high-school students. Mean age was 
15.02 years.

Figure 1 shows unadjusted descriptive trends in T-PUPs among 
youth tobacco users ages 17 and younger from 1999 to 2014. Past 
30-day cigarette only use, cigarette and non-cigarette combustible 
dual use, and non-cigarette combustible only use were the three 
most prevalent T-PUPs from 1999 to 2010 among 9- to 17-year-
old tobacco users. Of youth tobacco users, an estimated 36% and 
20% were cigarette only users and 30% and 22% were cigarette 
and non-cigarette combustible dual users in 1999 and 2010, respect-
ively. After 2010, both T-PUPs showed a downward trend falling to 
an estimated 8% in 2014 among youth tobacco users. Non-cigarette 
combustible only use exhibited an upward trend from 1999 to 2012 
estimated at 15% and 29%, respectively, after which it declined to 
22% in 2014 among tobacco users. Conversely, POLY, noncombus-
tible only use, non-cigarette combustible and noncombustible dual 
use, and cigarette and noncombustible dual use showed an upward 
trend among 9- to 17-year-old tobacco users. Estimated proportions 
were 7% for POLY, 4% for noncombustible only use, 3% for cig-
arette and non-cigarette noncombustible dual use, and 2% for non-
cigarette combustible and noncombustible dual use in 1999 among 
youth tobacco users. By 2014, POLY, noncombustible only use, non-
cigarette combustible and noncombustible dual use, and cigarette 
and noncombustible dual use were estimated at 15%, 28%, 13%, 
and 7%, respectively, among youth tobacco users.

Supplementary figure 1 shows the adjusted odds ratios of T-PUPs 
compared to cigarette only use among tobacco users over time, 1999 
to 2014. Compared to cigarette only use, non-cigarette combustible 
only use and noncombustible only use were more prevalent start-
ing in 2010 (AOR 1.38, CI = 1.02–1.87) (Supplementary Figure 1a) 
and 2013 (AOR 1.78, CI = 1.11–2.84) (Supplementary Figure 1b). 
All other T-PUPs remained less prevalent than cigarette only use 
among youth tobacco users: non-cigarette combustible and non-
combustible dual use (lowest AOR 0.04, CI = 0.02–0.09 in 1999) 
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(Supplementary Figure 1c), cigarette and noncombustible dual use 
(lowest AOR 0.01, CI = 0.008–0.03 in 2004) (Supplementary Figure 
1d), cigarette and non-cigarette combustible dual use (lowest AOR 
0.21, CI = 0.16–0.28 in 2001) (Supplementary Figure 1e), and POLY 
(lowest AOR 0.07, CI = 0.05–0.10 in 2002) (Supplementary Figure 
1f). In 2014, prevalence of dual (i.e. non-cigarette combustible and 
noncombustible, cigarette and noncombustible, cigarette and non-
cigarette combustible) and POLY became statistically indistinguish-
able from cigarette only use.

Figure 2 shows unadjusted descriptive trends in T-PUPs by age, 9 
to 17 years old, among tobacco users. Past 30-day cigarette only use 
was the most prevalent T-PUP among 12.5- to 17-year-old tobacco 
users with estimated proportions of 26% and 30%, respectively. The 
second and third most prevalent T-PUPs among 14- to 17-year-old 
tobacco users were cigarette and non-cigarette combustible dual use 
(23% estimated proportion throughout ages 14 to 17) and non-
cigarette combustible only use (estimated to be 21% at age 14 and 
19% at age 17). Among nine-year-old tobacco users, POLY (51%), 
non-cigarette combustible only use (22%), cigarette and non-cig-
arette combustible dual use (14%), cigarette only use (13%), and 
non-cigarette combustible and noncombustible dual use (7%) were 
estimated to be the most prevalent T-PUPs.

Supplementary Figure  2 shows the adjusted odds ratios odds 
ratios of T-PUPs compared to cigarette only use by age. T-PUPs did 
not significantly differ from cigarette only use among 9- to 10-year-
old tobacco users. Further, cigarette only use remained the most 
prevalent T-PUP across ages 11 to 17. Non-cigarette combustible only 
use (AOR 0.14, CI = 0.10–0.19) (Supplementary Figure 2a), non-
combustible only use (AOR 0.01, CI = 0.008–0.02) (Supplementary 
Figure  2b), non-cigarette combustible and noncombustible dual 
use (AOR 0.01, CI  =  0.01–0.03) (Supplementary Figure  2c), cig-
arette and noncombustible dual use (AOR 0.02, CI  =  0.01–0.04) 

(Supplementary Figure 2d), cigarette and non-cigarette combustible 
dual use (AOR 0.32, CI  =  0.24–0.43) (Supplementary Figure  2e), 
and POLY (AOR 0.02, CI = 0.01–0.04) (Supplementary Figure 2f) 
were less prevalent compared to cigarette only use at age 17.

To accommodate the introduction of new tobacco products 
starting 2010, we examined prevalence of T-PUPs over age for two 
periods 1999–2009 and 2011–2014. The year 2010 marked the 
national launch of Marlboro snus, 2012 marked Lorillard’s acqui-
sition of Blu, and 2013 marked the launch of Mark Ten and Vuse. 
Odds ratio figures for 1999–2009 mirrored those of the overall sam-
ple (Supplementary Figures 1a–f). No significant differences were 
detected in prevalence of each T-PUP compared to cigarette only use 
for 2011–2014.

Discussion

This paper is the first to document trends in seven mutually exclusive 
T-PUPs over time (1999 to 2014) and age (9 to 17) using nationally 
representative samples.15 Three results emerged: First, cigarette only 
use was most prevalent T-PUP from 1999 to 2010 and among youth 
tobacco users ages 11 to 17. Second, starting in 2010 and 2013, non-
cigarette combustible only use and noncombustible only use were 
more prevalent compared to cigarette only use among youth tobacco 
users. Third, starting in 2011, there was an upward trend of cigarette 
and noncombustible dual use, non-cigarette combustible and non-
combustible dual use, and POLY among youth tobacco users, pat-
terns that involve non-cigarette combustible and/or noncombustible 
products either solely or in combination with cigarettes.

Our results corroborate available evidence, which demonstrate 
the accuracy of T-PUPs model as a classification tool. Our down-
ward trend of cigarette only use is consistent with evidence that 
shows past 30-day smoking has declined from 20.7% in 1991 to 

Figure 1. Proportions of tobacco product use patterns among US youth tobacco users, 1999–2014. N = 38 662 tobacco users who reported any past 30-day 
tobacco use, ages 17 or younger.
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7.0% in 2015 among U.S. youth.8 Further, the introduction of new 
non-cigarette tobacco products may explain the upward trend of 
non-cigarette combustible only and noncombustible only T-PUPs. 
Examples include the launch of Blu, Mark Ten, and Vuse e-cigarettes 
in 2012–201331 and an estimated 300 hookah cafés in the U.S. since 
2000.32 Consequently, use of e-cigarettes and hookah among youth 
increased from 3.3% and 4.1% in 2011 to 6.8% and 5.4% in 2012, 
respectively.33

Non-cigarette combustible only use and noncombustible only 
use were the only T-PUPs estimated to be more prevalent than cigar-
ette only use starting in 2010 and 2013 among youth tobacco users. 
While today’s youth grew up in an anti-cigarette smoking environ-
ment,34 non-cigarette tobacco products enjoy several features that 
appeal to them. For example, non-cigarette products come in youth-
oriented flavors (e.g. candy, fruit),35,36 which overcome youth aver-
sion to tobacco smoke and encourage experimentation. Data show 
that 32.2% of 10–14 year-olds and 59.3% of 15–17 year-olds use 
flavored product when they first tried tobacco products.16 Youth per-
ceive new tobacco products (e.g. e-cigarettes) to be less harmful and 
more socially appealing than traditional cigarettes.37 Finally, tobacco 
companies are heavily marketing non-cigarette tobacco products 
such as e-cigarettes and smokeless tobacco to youth.38,39

Three T-PUPs (cigarette and noncombustible dual use, non-ciga-
rette combustible and noncombustible dual use, and POLY) showed 
an upward trend starting in 2011 among youth tobacco users. 
Common across these patterns are noncombustible tobacco prod-
ucts. Further, these patterns are exclusively dual and polytobacco 
use. These results suggest future shifts in T-PUPs among youth where 
use of non-cigarette tobacco products becomes more prevalent than 
cigarettes. These results are consistent with previous studies that 
show use of multiple tobacco products is prevalent among youth.11,15 
Although these T-PUPs are yet to be significantly more prevalent 
than cigarette only use, this upward trend is alarming. For example, 

individuals who use both cigarettes and smokeless tobacco have 
higher exposure to nicotine and tobacco-specific nitrosamine than 
those who only smoke cigarettes.40 Additionally, early exposure to 
nicotine is associated with negative health (e.g. nicotine dependency, 
addiction, use of illicit drugs),5,12,41 cognitive (e.g. degraded cognitive 
performance),42,43 psychological (e.g. anxiety, depression),41,44,45 and 
social (e.g. poor academic performance) outcomes.12 However, evi-
dence is insufficient on short- and long-term effects of non-cigarette 
tobacco products.46–48 Moreover, evidence is scarce on the combined 
effects of cigarette and non-cigarette tobacco products among dual 
and polytobacco youth users on individual and population health. 
Research is needed to further understand the risks of dual and poly-
tobacco use especially among youth.

Our results on T-PUPs by age show that cigarette only use 
remains the most prevalent T-PUP among tobacco users ages 11 to 
17. This corroborates existing literature that shows cigarettes remain 
the main tobacco product used with or without other products.16 
Interestingly, we find that among tobacco users 9 to 10 years old, no 
T-PUP emerges as significantly more or less prevalent than cigarette 
only use. This suggests that youth experiment early on with various 
tobacco products. In support, Soneji and colleagues (2014) identi-
fied types of tobacco products that youth ages 10 to14 first tried. 
Although cigarettes were most common (79.5%), youth have tried 
dip (9.1%); chewing tobacco (3.8%); cigars or cigarillos, large or 
premium cigars, filtered cigars, and hookah (1.5% each); and snuff 
and snus (0.8% each).16

As per recommendations of The American Academy of Pediatrics, 
pediatricians should screen for all tobacco use and deliver treat-
ments during annual health visits49 when 62% to 83% of adoles-
cents ages 14 to 17 have preventive health care visits.50 Educational 
campaigns51,52 and in-school interventions53 targeting parents and 
youth are also necessary to curb tobacco use. Tracking prevalence 
of T-PUPs over time and age by gender, race and ethnicity, and 

Figure 2. Proportions of tobacco product use patterns among US youth tobacco users by age (9–17 years), 1999–2014. N = 38 662 tobacco users who reported 
any past 30-day tobacco use, ages 17 or younger.
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education should be a priority.15 Surveillance reports should also 
include data on intensity and frequency of use of all tobacco prod-
ucts to better capture use behaviors and their effects on individual 
and population health. Finally, research is needed to establish health 
risks associated with each T-PUP with appropriate biomarkers that 
capture harmful components of tobacco products. These steps will 
ensure better understanding of shifts in T-PUPs among youth and 
inform regulations and policies for tobacco control.48

With a multitude of emerging tobacco products (e.g. e-ciga-
rettes), the T-PUPs model affords a parsimonious way to monitor 
tobacco use in seven categories while retaining the underlying differ-
ential characteristics of products that share a combustion method.15 
Further, the model affords a standardized categorization of tobacco 
use, especially dual and polytobacco use, which have been inconsist-
ently defined in the literature.11,14 The tradeoff for the use of T-PUPs 
is the loss of fine-grained data on individual tobacco products.15 
Health agencies should decide on the level of granularity needed for 
different surveillance purposes.

Limitations

We cannot generalize results beyond in-school middle- and high-
school students. Although data are self-reported, studies show 
the validity of self-report tobacco use data against biological 
 markers.54 Further, the results are based on past 30-day tobacco 
use, which might produce estimates different from those based 
on other use definitions and questions (e.g., every day, some days, 
not at all).55 For example, results based on past 30-day use might 
overestimate current use prevalence because of experimentation 
with tobacco products rather than habitual use. E-cigarette ques-
tion was not specific and, thus, participants might have reported 
their use of nicotine or non-nicotine products. However, studies 
showed traceable amounts of nicotine in some nicotine-free labeled 
products.56,57 Data on intensity/frequency of use were not available 
for all tobacco products. The cross-sectional nature of NYTS pre-
vented us from understanding transitions between T-PUPs at the 
individual level.

Questions on use of roll-your-own cigarettes, hookah, snus, dis-
solvable tobacco, and e-cigarettes were absent in NYTS 1999 to 2009. 
Further, questions on use of roll-your-own and clove cigarettes were 
absent in NYTS 2014. NYTS methodology does not provide a ration-
ale for excluding certain tobacco products at any given year after their 
introduction to the U.S. market. We controlled only for variables that 
consistently appeared in NYTS across years (e.g. living with a cigar-
ette user). We did not control for variables that were completely absent 
(e.g. socio-economic status) or inconsistently present (e.g. exposure 
to tobacco magazine advertising) in NYTS. Results on tobacco use 
among youth 11 years old and younger should be interpreted with 
caution. Small sample size of participants ages 9 (n = 291), 10 (n = 35), 
and 11 (n = 511) might explain wide confidence intervals in T-PUPs by 
age (See Supplementary Table 1). Finally, the current version of TVEM 
macro does not allow for weighted analyses.

In conclusion, cigarette only use was most prevalent T-PUP till 
2010 and remains the most prevalent among 11 to 17-year-old 
tobacco users. However, there is a rise in non-cigarette T-PUPs espe-
cially those exclusive to or in combination with noncombustible 
products. With an increasing number of available tobacco products, 
T-PUPs is a parsimonious model to survey exclusive patterns of 
tobacco use in an effort to extend public health efforts to all tobacco 
products and ultimately reduce tobacco use among youth.1

Supplementary Material

Supplementary data are available at Nicotine and Tobacco Research 
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