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Abstract

Purpose: The study purpose was to examine changes in patterns of ever and current dual- and
polyproduct use over time and to examine demographic and modifiable risk factors including
tobacco smoke exposure (TSE).

Design: A secondary analysis of the 2013 to 2015 National Youth Tobacco Survey data.
Setting: Nationwide high schools were selected.
Subijects: A total of 31 022 high school students.

Measures: Ever and current (past 30 days) tobacco/nicotine product use, home tobacco/nicotine
product use, TSE and e-cigarette vapor exposure, and demographic characteristics were measured.

Analysis: Multivariable logistic regression and multinomial logistic regression models.

Results: Of the students, 9.4% were ever dual users and 18.6% were ever poly users. Rates of
ever/current use of e-cigarettes and hookah increased from 2013 to 2015 (all A <.001). In 2015,
participants were 4.8 times (95% confidence interval [Cl], 4.5-5.2) and 4.0 times (95% ClI, 3.5-
4.4) more likely to report ever/current e-cigarette use and 1.61 times (95% CI, 1.5-1.7) and 1.48
times (95% CI, 1.3-1.7) more likely to report ever/current hookah use. Participants reporting TSE
were 15.4 times (95% CI, 11.5-21.0) more likely to report current poly use, and those with e-
cigarette exposure were 10.4 times (95% CI, 7.8-13.8) more likely to report current poly use.
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Conclusion: From 2013 to 2015, rates of ever and current use of e-cigarettes and hookah
increased. Tobacco smoke and e-cigarette exposure were associated with higher rates of dual and
poly use. Prevention efforts targeting these products are needed.
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Purpose

Adolescent tobacco use remains a public health problem in the United States.? Nearly one-
third (32.3%) of high school students have tried smoking, and one-tenth (10.8%) reported
smoking in the past 30 days.2 Current rates of cigarette smoking suggest that approximately
1 in every 13 adolescents is projected to die prematurely from smoking-related morbidity.3
Although significant decreasing trends in conventional cigarette smoking have been
observed among high school students, there have been increasing trends in the use of
nonconventional tobacco and nicotine delivery products such as hookah and electronic
cigarettes (e-cigarettes); thus, there has actually been no overall change in nicotine product
use over time.24 From 2011 to 2015, current e-cigarette use increased from 1.5% to 16.0%
and hookah use increased from 4.1% to 7.2% among high school students, whereas the use
of cigars, pipes, and bidis decreased.? Further, concurrent use of multiple nicotine products
remains common among high school students.>~/ During 2000 to 2012, the rates remained
steady for overall current tobacco use (20.4%), current dualtobacco product use (4.7%; ie,
use of cigarettes and 1 other tobacco product), and current polytobacco product use (3.6%;
ie, use of cigarettes and at least 2 other tobacco products).8

Awareness and use of nonconventional products are disproportionately high among students
who use conventional products, contributing to increased use of dual- and polynicotine
products.9 Use of these products is concerning due to the addictive nature of nicotine, 0 its
negative effects on brain development,11:12 and its role in early initiation and sustainability
of tobacco product use.> The majority (88%) of adult daily smokers start using tobacco
products by 18 years of age.5 Dual use of cigarettes and e-cigarettes has been linked to
health risk behaviors including low daily physical activity, poor dietary behavior, alcohol
and other drug use, physical fighting, and suicide attempts.13 Negative consequences
specifically associated with polyproduct use include elevated risk of becoming nicotine
dependent,14:15 Jower intentions to quit smoking,1® increased use of alcohol and illicit drugs,
17 and elevated rates of substance use disorders.18

National data indicate that demographic risk factors associated with cigarette smoking, e-
cigarette use, and dual- and poly-product use include being male and being in higher grade
levels.21® Some prior research indicates that white adolescents are at increased risk of being
polyproduct users,19 whereas other work found that students of other races are more likely to
be polyproduct users.1> Prior studies revealed that living with someone who uses cigarettes
or e-cigarettes increases the risk of use of these products among adolescents.20-21 Further,
youth who are exposed to tobacco smoke in their homes and live with smokers are at excess
risk for initiating smoking and becoming smokers later in life.2223 However, other research
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found that adolescents who live with someone who used tobacco products were at decreased
risk of being polytobacco users. Adolescents who perceived breathing smoke from tobacco
products as not harmful were at increased risk of engaging in polytobacco use.1®

Monitoring the use of conventional and nonconventional nicotine products is essential to
inform decisions on tobacco control and prevention intervention strategies for high school
students. The objectives of this study were to examine the changes in patterns of ever and
current use of dual- and poly-tobacco/nicotine products over time and to examine
demographic and modifiable risk factors, including home use and tobacco smoke exposure
(TSE)/e-cigarette vapor exposure. For the purpose of this study, dualtobacco/nicotine
product use was defined as smoking cigarettes plus another tobacco/nicotine product (cigars,
pipes, bidis, e-cigarettes, hookah), and poly use was defined as smoking cigarettes plus 2 or
more tobacco/nicotine products. Based on prior evidence,24 we hypothesized that
participants in 2014 and 2015 would report lower conventional product use and higher
nonconventional product use (ie, e-cigarettes and hookah) than participants in 2013. We
posited that rates of dual use and poly use would remain stagnant,® with highest rates
reported among males and older students. We also hypothesized that living with someone
who smokes and being exposed to tobacco smoke and e-cigarette vapor would increase the
risk of reporting dual- and polyproduct use.

We investigated secondary data from the 2013, 2014, and 2015 National Youth Tobacco
Surveys (NYTS) to examine the trends of single-, dual-, and polyproduct use among high
school students from 2013 to 2015. The NYTS collects data on tobacco prevention and
control outcomes using a cross-sectional, paper-based survey method.

The 2013 to 2015 NYTS samples included a total of 31 022 high school students
nationwide. The NYTS uses a multistaged, stratified sampling design to generate a
nationally representative sample of students, as described elsewhere.24 The NYTS has been
previously approved by the Centers for Disease Control and Prevention’s institutional review
board (IRB). Student participation was voluntary and anonymous; parental consent was
obtained prior to survey completion. The University of Cincinnati’s IRB exempted the
present study from review based on the nature of the de-identified NYTS data.

Ever use and current use of tobacco/nicotine products.—Ever use of tobacco/
nicotine products was assessed using the following questions (yes, no): (1) “Have you ever
tried cigarette smoking, even 1 or 2 puffs?” (2) “Have you ever tried an electronic cigarette
or e-cigarette such as Blu, 21st Century Smoke or NJOY?” and (3) “Have you ever tried
smoking cigars, cigarillos, or little cigars, such as Black and Mild, Swisher Sweets, Dutch
Masters, White Owl, or Phillies Blunts, even 1 or 2 puffs?” Another question asked was
“Which of the following tobacco products have you ever tried, even just 1 time?” Response
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options were as follows: (4) “hookah or water pipe used with tobacco,” (5) “pipe filled with
tobacco (not water pipe),” and (6) “bidis (small brown cigarettes wrapped in a leaf).”
Similarly, participants were asked whether they used cigarettes, e-cigarettes, cigars, hookah,
pipe, or bidis in the past 30 days.

Dual- and polytobacco/nicotine product use.—Participants who smoked cigarettes
plus another tobacco product (cigars, hookah, pipes, bidis) or e-cigarettes were defined as
having engaged in dualproduct use. Participants who smoked cigarettes plus 2 or more
tobacco products or e-cigarettes were defined as having engaged in polyproduct use.

Home tobacco/nicotine product use.—Home tobacco/nicotine product use was
assessed with the following question: “Does anyone who lives with you now ...? (CHECK
ALL THAT APPLY.)” Response options were as follows: (1) “smoke cigarettes,” (2) “use
electronic cigarettes or e-cigarettes” (2014 and 2015 NYTS only), (3) “smoke cigars,
cigarillos, or little cigars,” (4) “smoke tobacco out of a hookah or water pipe,” (5) “smoke
pipes filled with tobacco (not a water pipe),” and (6) “smoke bidis.”

TSE and e-cigarette vapor exposure.—Only the 2015 NYTS asked questions on TSE.
Participants were asked how many days during the past 7 days did someone smoke tobacco
products in their home or in a car they rode in and how many days during the past 30 days
were they (1) exposed to tobacco smoke in an indoor or outdoor public place (eg, school
building, store, and restaurant) and (2) exposed to vapor from an e-cigarette in an indoor or
outdoor public place. Participants who reported exposure on at least 1 day were defined as
being exposed to tobacco smoke/e-cigarette vapor.

Demographic characteristics.—Participants reported sex, race/ethnicity, and high
school grade level (9th-12th grade). Racial/ethnic categories were as follows: non-Hispanic
white, non-Hispanic black, Hispanic, and other race (ie, Asian, American Indian or Alaska
Native, and Native Hawaiian or Other Pacific Islander).

Descriptive statistics including frequencies were calculated to describe the characteristics of
students who smoked tobacco/nicotine products by each survey year. We conducted
multivariable logistic regression and multinomial logistic regression analyses adjusted for
covariates of sex, race/ethnicity, and grade to examine changes in patterns of using tobacco
or other nicotine products and home tobacco/nicotine product use between 2013 and 2015
and between 2014 and 2015. To examine the factors associated with cigarette use, e-cigarette
use, dual-, and polyproduct use, we built logistic regression models with survey year
included as an exposure variable while adjusting for covariates. We also built logistic
regression models to assess the relationship between TSE in the home, car, public places,
and e-cigarette vapor in public places (only included in 2015) and dual- and polyproduct use
while adjusting for the covariates. Analyses were performed using SPSS version 23.0.
Weights provided by the NYTS were used to account for the complex survey design. The a
level was 0.05.
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Single, Dual-, and Polyproduct Use and Demographic Characteristics

Of participants, 50.7% (n = 15 814) were male; over half were white (58.1%, n = 14 975),
21.7% (n = 8084) were Hispanic, 15.2% (n = 5166) were black, and 5.0% (n = 1845) were
other races. High school grade level was near equal distribution, with 27.3% enrolled in the
9th grade (n = 8021), 25.7% in the 10th grade (n = 8028), 23.9% in the 11th grade (n =
7598), and 23.1% in the 12th grade (n = 7375). In 2015, 30.6 % of high school students
reported ever using cigarettes, 26.2% used cigars, 3.8% used pipes, and 2.0% used bidis. In
all, 9.3% of high school students reported current use of cigarettes, 8.6% used cigars, 1.0%
used pipes, and 0.7% used bidis. Regarding nonconventional product use, 37.7% of students
reported ever use of e-cigarettes and 19.8% used hookah, and 16.0% reported current use of
e-cigarettes and 7.2% used hookah. Prevalence rates of single product use by demographic
characteristics and living with someone who uses tobacco/nicotine products are presented in
Table 1.

Table 2 presents prevalence rates of dual- and polyproduct users by demographics and home
tobacco/nicotine product use. In 2015, 9.4% (n = 711) of high school students were ever
dual users, 3.3% (n = 301) were current dual users, 18.6% (n = 1748) were ever poly users,
and 3.7% (n =371) were current poly users. Males and females had similar prevalence rates
of reporting ever dual use, whereas ever poly use rates were higher among males. Ever and
current dual users and poly users had high rates of use of e-cigarettes, cigars, and hookah
(see Table 2).

Single Product Use Trends

Associations between patterns of product use were found between 2013 and 2015 and
between 2014 and 2015 while adjusting for the covariates (Table 3). In 2014 and 2015,
students were significantly more likely to report ever use (adjusted odds ratio [aOR] = 1.60,
95% confidence interval [CI], 1.50-1.70; aOR = 4.83, 95% ClI, 4.47-5.21, respectively) and
current use (aOR = 1.18, 95% ClI, 1.09-1.28; aOR = 3.95, 95% ClI, 3.53-4.43) of e-
cigarettes than in 2013. Further, participants in 2015 were significantly more likely to report
ever use and current use of hookah (aOR = 1.61, 95% CI, 1.49-1.74; aOR = 1.48, 95% ClI,
1.31-1.67) than in 2013.

Dual- and Polyproduct Use Trends

Significant differences were found between patterns of dual-and polyproduct use. In 2015,
participants were at decreased risk of reporting ever dual use (aOR = 0.66, 95% CI, 0.59-
0.72) but were at increased risk of reporting ever poly use (aOR = 1.35, 95% CI, 1.25-1.47)
compared to 2013, independent of the covariates (Table 3).

Cigarette and E-Cigarette Use Trends and Risk Factors

Although the likelihood of ever and current cigarette use decreased, participants were
significantly more likely to have ever used or currently used e-cigarettes in 2014 (aOR =
3.01, 95% ClI, 2.79-3.25; aOR = 3.34, 95% Cl, 2.99-3.74) and 2015 (aOR = 4.83, 95% ClI,
4.47-5.21; aOR = 3.95, 95% ClI, 3.53-4.43) than in 2013 (Table 4). Males and those in
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higher grade levels (10th, 11th, or 12th grade) were at increased risk of using cigarettes and
e-cigarettes.

Dual- and Polyproduct Use Trends and Risk Factors

Compared to 2013, participants in 2014 and 2015 were at significantly decreased odds of
reporting ever or current dual-product use. However, compared to 2013, participants were at
significantly increased likelihood of reporting ever (aOR = 1.33, 95% Cl, 1.23-1.43) and
current (aOR =1.17, 95% Cl, 1.01-1.34) polyproduct use in 2014 and ever poly use in 2015
(@aOR =1.35, 95% ClI, 1.25-1.46; see Table 4). Students in 10th to 12th grades were more
likely than 9th grade students to report ever and current dual and poly use.

Home Tobacco/Nicotine Use, TSE, E-Cigarette Exposure, and Dual- and Polyproduct Use

Although the likelihood of home use of tobacco/nicotine products among people who lived
with participants significantly decreased from 2013 to 2015 and from 2014 to 2015 (Table
3), TSE increased the likelihood of reporting dual use and poly use among 2015 participants
(Table 5). Specifically, participants who lived with someone who smoked tobacco in their
home were at significantly increased risk of reporting ever dual use (aOR = 2.97, 95% ClI,
2.50-3.52), current dual use (aOR = 4.10, 95% ClI, 3.20-5.26), ever poly use (aOR = 3.18,
95% Cl, 2.82-3.58), and current poly use (aOR = 5.29, 95% ClI, 4.20-6.65). Those exposed
to tobacco smoke in a car were significantly more likely to report ever dual use (aOR = 3.88,
95% Cl, 3.27-4.60), current dual use (aOR = 6.88, 95% CI, 5.28-8.95), ever poly use (aOR
=5.01, 95% Cl, 4.45-5.64), and current poly use (aOR = 15.43, 95% ClI, 11.53-20.65).

Participants exposed to TSE in an indoor or outdoor public place were at significantly
increased risk of reporting ever dual use (aOR = 1.68, 95% ClI, 1.41-1.99), current dual use
(aOR=3.60, 95% CI, 2.62-4.93), ever poly use (aOR = 2.58, 95% Cl,2.28-2.92), and current
poly use (aOR = 7.20, 95% CI, 5.02-10.34; Table 5). Similarly, participants exposed to e-
cigarette vapor were significantly more likely to report ever (aOR = 1.91, 95% ClI, 1.61-
2.26) and current (aOR = 2.71, 95% ClI, 2.12-3.48) dual use and ever (aOR = 3.22, 95% ClI,
2.87-3.62) and current (aOR = 10.38, 95% ClI, 7.82-13.79) poly use.

Discussion

This study found high rates of conventional and nonconventional tobacco/nicotine product
use among a national sample of high school students. From 2013 to 2015, the likelihood of
ever use and current use of cigarettes, cigars, and pipes decreased, although these downward
trends slowed from 2014 to 2015. As hypothesized, compared to 2013, participants in 2015
were more likely to report ever and current use of e-cigarettes and hookah. In 2015, over
one-third (37.7%) of students reported ever use of e-cigarettes and 16.0% reported current
use of e-cigarettes. These figures are higher than ever and current cigarette use (30.6% and
9.3%, respectively). Similar to prior work,25:26 we found that in 2015, students were at
nearly 5 times the risk of reporting ever use of e-cigarettes and 4 times the risk of reporting
current use compared to 2013. This is concerning given research suggests that e-cigarette
use may be predictive of initiation of conventional cigarette use due to low perceived harm
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and the potential of renormalization and social acceptance of smoking behavior among this
population.20:21.27

Dual and poly use of nonconventional tobacco product and e-cigarette use is increasing over
time.24 We found that 9.4% of high school students were ever dual users and 18.6% were
ever poly users. The rates of current dual use (3.3%) and poly use (3.7%) were similar.
Although the risk of reporting dual use decreased from 2013 to 2015, no declines were seen
from 2014 to 2015. Notably, we found an increase in participants’ risk of reporting ever poly
use from 2013 to 2015, rejecting our hypothesis. This finding expands on prior literature that
indicates rates of poly use are stable among this population,8 potentially due to increasing
use of nonconventional tobacco products (eg, hookah) and e-cigarettes that are highly
marketed and have flavors that appeal to adolescents.28-31 Nearly all poly users reported that
they ever used (95.6%) and currently used (91.3%) e-cigarettes; the majority also reported
ever use and current use of cigars and hookah, which emphasizes the need for the expansion
of current prevention initiatives to include nonconventional tobacco products such as e-
cigarettes.

We found several risk factors for cigarette use, e-cigarette use, and dual- and polyproduct
use. Similar to previous research,? male and those in higher grade levels (10th-12th grades)
were at increased risk of ever and current use of cigarettes and e-cigarettes. Hispanic
students were more likely to report ever cigarette use but less likely to report current
cigarette use. No difference in e-cigarette use was found between white and Hispanic
students. Ever dual users were more likely to be black, Hispanic, or in 10th to 12th grades.
Current dual users were more likely to be male, white, or in 10th to 12th grades, which
aligned with prior studies, with the exception of race.1932 Specifically, Lee et al'® found no
differences in current dual use based on race after adjusting for the covariates, whereas other
research32 indicated that dual users were more likely to be white. Students at increased risk
of poly use were males, white, or in 10th to 12th grades.1?

In this study, we found high rates of home tobacco/nicotine product use and high rates of
TSE and e-cigarette vapor exposure. Despite decreases over time, over half of participants in
2015 still lived with someone who used tobacco/nicotine products in their home, comparable
to other research.33 This finding underscores the importance of educating family members
on the role TSE has on increasing risk of initiating tobacco/nicotine product use.20:21:34 As
hypothesized, we found that TSE in the home, car, and public places significantly increased
students’ likelihood of reporting dual use and poly use compared to those who were not
exposed to tobacco smoke. TSE is a modifiable risk factor that can be included in prevention
and cessation interventions as an additional method to decrease the likelihood of dual and
poly use. Similarly, exposure to vapor from e-cigarettes in public places significantly
increased the risk of dual and poly use. E-cigarette vapor exposes nonsmokers to nicotine,
particulates, and hydrocarbons.35-37 Although a review of the literature suggests that health
risks associated with e-cigarette vapor are lower compared to exposure from tobacco
products,38 research on the risk behaviors, including initiation of tobacco/nicotine product
use associated with e-cigarette vapor exposure, needs to be further explored.
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Despite the many strengths of this study including the use of nationally representative data,
this study is not without limitations. The NYTS is a cross-sectional survey, and causal or
longitudinal relationships could not be observed. Thus, our findings cannot be used to add
support to the debate concerning e-cigarettes as a gateway drug or smoking cessation tool.
Second, participants’ report of ever and current use of tobacco/nicotine products may have
been underreported or overreported. Third, self-reported TSE may have been influenced by
social desirability bias. Validating these results by using cotinine, an objective measure of
TSE,3 would provide a more accurate measure of exposure. Although we accounted for
potential demographic confounders in analyses, results may have been biased due to residual
confounding.

This study found high rates of concurrent use of tobacco and nicotine products among high
school students in the United States. It is important to note that conventional tobacco product
use has declined since the early 1990s, which provides solid evidence that prevention
interventions and policies for adolescent smoking can be effective.> However, with the
growing popularity of nonconventional tobacco products including e-cigarettes, efforts are
critically needed to address the use of these products among this student population. For
example, prevention and intervention programs should include information on
nonconventional tobacco/nicotine products to increase high school students” knowledge of
these products, including potential harms associated with nicotine and addiction, in order for
them to make informed decisions about use. Thus, current tobacco prevention and control
efforts should expand the focus of conventional products to include all tobacco/nicotine
products. Programs should aim to teach high school students about actual versus perceived
rates of all tobacco/nicotine product use and socially acceptable refusal skills that would
apply to all tobacco/nicotine products. Little decline in risk of tobacco use from 2014 to
2015, combined with no recent change in overall tobacco use,* suggests the need for the
development and testing of novel prevention intervention strategies to reduce overall tobacco
use among adolescents. This is especially important as nicotine dependence typically begins
in adolescence. Further, despite numerous prevention efforts, the present study revealed a
substantial proportion of high school students are exposed to tobacco smoke.*? Given the
American Academy of Pediatrics’4142 view that tobacco use is a pediatric disease, this
finding underscores that TSE and its known risk factors should be a key component of
prevention programming. High school students should be taught that there is no risk-free
level of TSE and how to avoid it, when possible. It is of importance to include families and
communities in TSE reduction initiatives to educate them on the risks associated with TSE
and the importance of having home/car/school/work/other public area smoking bans to
protect students. Continued monitoring of tobacco/nicotine product usage is necessary to
provide information on tobacco/nicotine product use patterns, the risk factors associated
with use, and the effectiveness of efforts to prevent tobacco initiation among high school
students.

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of
this article: This study was funded by the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NIH Grant Number 1R01HD083354).
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SO WHAT? Implications for Health Promotion Practitioners and
Researchers

What is already known on thistopic?

Tobacco smoke exposure (TSE) increases the risk of tobacco/nicotine product initiation.
It is not known whether TSE and e-cigarette exposure increase the risk of dual and poly
use of tobacco/nicotine products.

What doesthisarticle add?

Trends of ever/current poly use of cigarettes plus non-conventional tobacco/nicotine
products from sequential, cross-sectional studies increased over time. The rates of dual
and poly use were highest in those with home, car, and public place TSE and e-cigarette
vapor exposure. Decreasing TSE and e-cigarette vapor exposure may decrease current
trends.

What aretheimplicationsfor health promotion practice or research?

There is a need for the development and testing of novel prevention intervention
strategies to reduce overall tobacco use and TSE among adolescents. Current tobacco
prevention and control efforts should expand the focus of conventional products to
include all tobacco/nicotine products and include TSE and e-cigarette vapor exposure
reduction efforts.
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