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Abstract

IMPORTANCE Use of e-cigarettes increased among adolescents between 2011 and 2019. However,
whether these changes are affecting patterns of use of other tobacco products, especially cigarettes,
remains unclear.

OBJECTIVE To examine the long-term and recent trends in cigarette smoking and smokeless
tobacco product use among US adolescents by grade (8th, 10th, and 12th), sex (male and female),
and race (White and Black).

DESIGN, SETTING, AND PARTICIPANTS In this cross-sectional study, joinpoint regression analyses
were performed to characterize trends in tobacco product use for key sociodemographic groups,
identifying change of trend years (joinpoints). Students in the 8th, 10th, and 12th grades at US
secondary schools and high schools who participated in the nationally representative Monitoring the
Future survey from January 7, 1991, to June 3, 2019, were evaluated.

EXPOSURES Cigarette smoking and smokeless tobacco product use during the past 30 days.

MAIN OUTCOMES AND MEASURES Past 30-day and daily prevalence of cigarette smoking and
smokeless tobacco product use by year, grade, sex, and race. The prevalence trend segments, change
of trend years (joinpoints), and annual percentage change (APC) in prevalence within each trend
segment were estimated using joinpoint regression.

RESULTS Since 1991, 487 335 8th-grade, 447 310 10th-grade, and 424 236 12th-grade students
have completed the Monitoring the Future survey (including 663 663 girls and 632 698 boys [those
who did not respond to the sex question in the survey were excluded from the sex analyses]). Past
30-day and daily smoking prevalence increased in all groups analyzed from 1991 until 1996 and 1997
and has been decreasing ever since, with more rapid reductions in recent years. For example, daily
smoking among 12th-grade boys increased at an APC of 4.9% (95% Cl, 3.5%-6.3%) from 1991 to
1998, decreased at an APC of -8.0% (95% Cl, -9.3% to -6.7%) from 1998 to 2006, decreased at an
APC of -1.6% (95% Cl, -4.6% t0 1.5%) from 2006 to 2012, and decreased at an APC of -17.4% (95%
Cl, -19.4% to -15.4%) from 2012 to 2019. Similar results were observed for boys in the 8th grade
(5.0% [95% Cl, 0.1%-10.2%] for 1991-1996, -8.8% [95% Cl, -10.0% to -7.6%] for 1996-2011, and
-17.3% [95% Cl, -22.2% to -12.0%] for 2011-2019) and 10th grade (7.1% [95% Cl, 3.7%-10.7%] for
1991-1997, -11.1% [95% Cl, -13.9% to -8.2%] for 1997-2005,-0.7% [95% Cl, -5.9% to 4.9%] for 2005-
2011, and -17.9 [95%, -21.7% to -13.9%] for 2011-2019), for girls in 8th grade (10.9% [95% Cl, 5.0%-
17.2%] for 1991-1996 and -10.8% [95% Cl, -11.7% to -10.0% for 1996-2019), 10th grade (7.2% [95%
Cl, 3.9%-10.7%] for 1991-1997, -9.5% [95% Cl, -10.5% to -8.6%] for 1997-2012, and -16.3% [95% ClI,
-21.8% to -10.4%] for 2012-2019), and 12th grade (6.5% [95% Cl, 3.6%-9.5%] for 1991-1997, -7.2%
[95% Cl, -8.1% to -6.3%] for 1997-2012, and -17.5% [95% Cl, -21.2% to -13.6%] for 2012-2019).
Results were similar, too, for Black adolescents (2015-2019 average annual percentage change:
-8.6% [95% Cl, -10.3% to -6.8%] for 8th graders; -17.7% [95% Cl, -26.3% to -8.2%] for 10th graders;
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Abstract (continued)

and -18.3% [95% Cl, -23.9% to -12.2%] for 12th graders) and White adolescents (2015-2019 average
annual percentage change: -17.3% [95% Cl, -20.6% to -13.7%)] for 8th graders; -16.9% [95% Cl,
-20.5% to -13.2%] for 10th graders; and -17.0% [95% Cl, -20.5% to -13.2%] for 12th graders).
Smokeless tobacco was used more variably through 2012, followed by consistent decreases in the
past 5 years. For instance, smokeless tobacco use in the past 30 days in 10th-grade boys decreased at
an APC of -6.5% (95% Cl, -7.5% to -5.4%) from 1991to 2004, increased at an APC of 3.1% (95% Cl,
-0.8% to0 7.1%) from 2004 to 2012, and decreased at an APC of -11.6% (95% Cl, -15.7% to -7.4%) from
2012 to 2019. Similarly, daily smokeless tobacco use in 12th-grade boys decreased at an APC of -3.8%
(95% Cl, -5.4% to -2.1%) from 1992 to 2005, increased at an APC of 3.1% (95% Cl, -0.2% to 6.5%)
from 2005 to 2015, and decreased at an APC of -23.0% (95% Cl, -33.3% to -11.0%) from 2015

to 2019.

CONCLUSIONS AND RELEVANCE This cross-sectional study suggests that, despite the increase in
the prevalence of e-cigarette use among adolescents between 2011 and 2019, the prevalence of
cigarette and smokeless tobacco use has decreased more rapidly during the same period compared
with earlier years.

JAMA Network Open. 2020;3(12):2027465. doi:10.1001/jamanetworkopen.2020.27465

Introduction

Although cigarette smoking has decreased steadily among US youth since the mid-1990s,’ the
introduction into the market of e-cigarettes has raised concerns about a potential reversal in the
steady progress against tobacco consumption in the US and elsewhere. With the introduction of
e-cigarettes in the mid-2000s, the increase in use since about 2011, and the more recent rapid
increases in use among youth,?* the focus on tobacco control has shifted toward this trend. A
particular concern is the potential of e-cigarettes to function as a gateway to cigarette smoking,
causing the decrease in cigarette smoking seen in recent years to slow or even reverse course.>”
Although considerable attention has been devoted to the increase in vaping among youth, especially
in the last 2 years, less attention has been devoted to recent youth smoking and use of other tobacco
products, such as smokeless tobacco (chewing tobacco, snuff, snus, and dissolvable tobacco)

and cigars.

Previous studies®'° have assessed the potential association of e-cigarette use with cigarette
smoking trends among youth and the general population, focusing on smoking trends in recent
years. However, these studies were based on subjective choices of the period of analysis and
relatively crude assessments of trend. In this study, we used joinpoint regression to characterize
changing trends in tobacco use among youth. Joinpoint regression is a rigorous method to
characterize data trends and objectively identify changes in trends using time course data,""? It is

317 and other areas of

commonly used in the analysis of cancer incidence and mortality rates
health'®22 and more recently has been applied to tobacco control research.?32° Using the
Monitoring the Future (MTF) survey, we analyzed trends in past 30-day and daily cigarette smoking
and smokeless tobacco use from 1991 to 2019 among 8th-, 10th-, and 12th-grade adolescents by sex

and race.
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Methods

MTF Survey Data

In this cross-sectional trend-analysis study, we used data from the MTF survey from January 7, 1991,
to June 3, 2019. The MTF survey is a nationally representative annual survey of 8th-, 10th-, and 12th-
grade students. The MTF survey collects information on the use of tobacco, including cigarette
smoking, smokeless tobacco use, and e-cigarette use; illicit drugs; and alcohol, as well as attitudes
and beliefs about these substances. This research was classified as exempt from institutional review
board approval by the University of Michigan Institutional Review Board; therefore, patient informed
consent was not required. All data were deidentified. The study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.

Demographic Groups

Information on cigarette smoking and smokeless tobacco and the demographic characteristics of the
respondents was derived for survey years 1991to 2019 when available. Individuals were categorized
into different demographic groups according to their grade (8th, 10th, or 12th), sex (male or female),
and self-reported race (Black or White).

Tobacco Use Definition

Cigarette Use

Survey respondents were asked how frequently they smoked during the past 30 days. Response
options included none, less than 1 cigarette per day, 1to 5 cigarettes per day, about a half pack per
day, about 1 pack, about 1%2 packs, and 2 packs or more. Consistent with the MTF standard
definitions, past 30-day smokers included those reporting smoking any amount (<1 cigarette per day
or =1 cigarette per day). Daily smokers were defined as those reporting a frequency of 1to 5
cigarettes per day or more.

Smokeless Tobacco Use

Participants were also asked about their use of smokeless tobacco during the past 30 days. Response
options included not at all, once or twice, once or twice per week, 3 to 5 times per week, about once
a day, and more than once a day. Users of smokeless tobacco in the past 30 days included those
reporting use once or twice or more. Daily users included those who indicated that they used
smokeless tobacco about once a day or more than once a day. For the 1991 survey, because
smokeless tobacco use was only assessed for 8th- and 10th-grade students, we restricted the
analyses of 12th-grade students to 1992 to 2019.

Tobacco Use Prevalence

Survey sample weights were used to calculate annual tobacco use prevalence and SEs for all products
and sociodemographic groups considered. Prevalence calculations were performed in Stata
statistical software, version 16 (StataCorp LLC).

Statistical Analyses

We used the Joinpoint Regression software, version 4.6.0.0' to analyze the trends in the annual
prevalence of cigarette smoking and smokeless tobacco use from 1991 to 2019. Joinpoint regression
allows for breaking the data into time segments to identify years in which there was a statistically
significant change in trend. For each time segment, the analysis estimates the annual percentage
change (APC) in prevalence during that period and determines whether the APC s statistically
different from zero (no trend). We performed stratified joinpoint regression analyses for all sexes and
grades for cigarette and smokeless tobacco use combinations and for races and grades for cigarette
use, providing the SE for each annual prevalence estimate. Each tobacco product, sex, and grade
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group was independently analyzed. The average annual percentage change in prevalence for the
period of 2015 to 2019 is also reported for all groups.

Results

Since 1991, 487 335 8th-grade, 447 310 10th-grade, and 424 236 12th-grade students have
completed the MTF survey. Among these students, 663 663 were girls and 632 698 were boys

(62 520 participants did not answer the sex question). Overall, 215 147 students reported smoking
during the past 30 days and 119 141 reported being daily smokers. In addition, 27 302 respondents
reported using smokeless tobacco during the last month and 7398 on a daily basis. The eTable in the
Supplement gives the distribution of the MTF (unweighted) sample (1991-2019) by demographic
and tobacco use groups; these were also categorized into 5-year calendar-year groups.

Trends in Cigarette Smoking and Smokeless Tobacco Use by Sex and Grade
Table 1 gives the tobacco use joinpoint analysis results by sex and grade. Past 30-day and daily
smoking prevalence had significant increases in almost every sex and grade category from 1991 until
approximately 1996-1998 (trend 1) and decreased thereafter, with a faster decrease in recent years.
For instance, past 30-day smoking in 12th-grade girls increased at an APC of 5.2% (95% Cl,
2.8%-7.7%) from 1991 to 1997, decreased at an APC of -5.8% (95% Cl, -6.4% to -5.2%) from 1997 to
2013, and decreased at a higher APC of -15.8% (95% Cl, -19.6% to -11.8%) from 2013 to 2019.
Similarly, daily smoking in 12th-grade boys increased at an APC of 4.9% (95% Cl, 3.5%-6.3%) from
1991t0 1998, decreased at an APC of -8.0% (95% Cl, -9.3% to -6.7%) from 1998 to 2006, decreased
atan APC of -1.6% (95% Cl, -4.6% to 1.5%) from 2006 to 2012, and decreased at a higher APC of
-17.4% (95% Cl, -19.4% to -15.4%) from 2012 to 2019. Figure 1shows the observed (points) daily and
past 30-day smoking prevalence by sex and grade (Table 1). Figure 1illustrates the large decrease in
smoking among adolescents since the 1990s, with faster decreases in recent years. For instance,
10th-grade daily smoking decreased at an APC of -16.3% (95% Cl, -21.8% to -10.4%) from 2012 to
2019 in girls and at an APC of =17.9% (95% Cl, -21.7% to -13.9%) from 2011 to 2019 in boys. No major
differences in smoking prevalence rates and trends are observed by sex.

Because smokeless tobacco prevalence was low in girls, we considered trends only in boys. For
both 10th and 12th graders, there was a consistent pattern of decrease in the early years, then a
period of increase or flat trend, and finally a period of fast decrease. For instance, smokeless tobacco
use in the past 30 days in 10th-grade boys decreased at an APC of -6.5% (95% Cl, -7.5% to -5.4%)
from 1991 to 2004, increased at an APC of 3.1% (95% Cl, -0.8% to 7.1%) from 2004 to 2012, and
decreased at an APC of -11.6% (95% Cl, -15.7% to -7.4%) from 2012 to 2019. Similarly, daily smokeless
tobacco use in 12th-grade boys decreased at an APC of -3.8% (95% Cl, -5.4% to -2.1%) from 1992 to
2005, increased at an APC of 3.1% (95% Cl, -0.2% to 6.5%) from 2005 to 2015, and decreased at an
APC of -23.0% (95% Cl, -33.3% to -11.0%) from 2015 to 2019. The eFigure in the Supplement shows
the observed (points) and corresponding joinpoint lines of daily and past 30-day smokeless tobacco
use prevalence in boys by grade. The eFigure in the Supplement illustrates that, although the
decrease in smokeless tobacco use stopped in the early and mid-2000s, it has accelerated in recent
years. For instance, daily smokeless tobacco use in 10th-grade boys increased slightly at an APC of
1.7% (95% Cl, -2.2% to 5.7%) from 2002 to 2013 but then decreased at an APC of -15.5% (95% Cl,
-23.2% to -7.0%) from 2013 to 2019.

Trends in Cigarette Smoking Use by Race and Grade

Trends in cigarette smoking prevalence by race and grade are presented in Table 2. Patterns of
cigarette use by race are consistent with an overall decrease in use for all groups. For the 3 grades and
both races, 30-day and daily prevalence of cigarette use increased in the 1990s but continuously
decreased thereafter, with faster decreases in recent years. For instance, daily smoking in 10th-grade
Black students increased at an APC of 13.1% (95% Cl, 3.0%-24.2%) from 1991to 1997, decreased at
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alower APC of -4.9% (95% Cl, -6.8% to -2.9%) from 1997 to 2012, and finally decreased at an APC
of =17.7% (95% Cl, -26.3% to —8.2%) from 2012 to 2019. Similarly, daily smoking in 12th-grade White
students increased at an APC of 7.0% (95% Cl, 5.1% to 9.0%) from 1991 to 1997, then decreased at
an APC of =7.0% (95% Cl, -8.2% to -5.7%) from 1997 to 2006, then decreased at a lower APC of
-4.0% (95% Cl, -7.7% to -0.1%) from 2006 to 2012, and then decreased at an APC of -17.0% (95%
Cl, -20.5% to -13.2%) from 2012 to 2019. Figure 2 shows the observed (points) daily and past 30-day
smoking prevalence by race and grade. Figure 2 also shows that, although smoking among Black
adolescents is lower than among White adolescents, both groups have had considerable reductions
in smoking, particularly in recent years. For instance, prevalence of daily smoking in 12th-grade White
students decreased from 6.3% in 2015 to 2.6% in 2019 (average annual percentage change, -17.0%;
95% Cl, -20.5% to -13.2%), whereas in Black students prevalence of daily smoking decreased from
3.9% in 2015 to 1.6% in 2019 (average annual percentage change, -18.3%; 95% Cl, -23.9% to
-12.2%). Although the analysis did not identify a recent change in trend for smoking among
8th-grade Black adolescents, the observed rates since 2014 are all below the joinpoint model,
suggesting that the rate of decrease may have also accelerated for this group. For instance, for past
30-day smoking, the joinpoint model (line) found a prevalence of 1.55% in 2019, but the observed
prevalence was 1.0%.

Figure 1. Past 30-Day and Daily Cigarette Smoking Prevalence Among Adolescents by Sex and Grade From 1991to 2019
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The dots represent the annual Monitoring the Future prevalence estimates, and the lines correspond to the best-fitting joinpoint model (Table 1). Data are plotted on a
logarithmic scale.
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Discussion

In this trend-analysis study, joinpoint regression was used to characterize trends of cigarette smoking
and smokeless tobacco use among US adolescents. The focus was primarily on smoking, the greatest
cause of disease and death in the US.?” The results indicate that downward trends in smoking
prevalence slowed in the mid-2000s but then accelerated considerably, reaching rates of decrease
by as much as 16% or more per year since approximately 2012. In particular, between 2012 and 2019
for 12th graders, past 30-day smoking decreased from 19.3% to 6.9% for boys and from 14.5% to
4.0% for girls. Daily smoking, a stronger indicator of long-term regular cigarette use,?® decreased
during the same period from 10.9% to 2.8% for boys and from 7.3% to 1.6% for girls, both at record
low levels. Similar trends were observed for White and Black adolescents. These findings are
consistent with 2 earlier studies®' that also found accelerated decreases in smoking since vaping
rates increased but are inconsistent with another study.®

To our knowledge, this study is the first to consider recent trends in smokeless tobacco use
among adolescents. Smokeless tobacco use, although having lower risk than smoking,”?° is also
associated with negative health outcomes. Smokeless tobacco use among 10th- and 12th-grade boys
decreased between 1990 and 2005 and then increased from 2005 to approximately 2010 for past
30-day use and until approximately 2013 to 2015 for daily use. In 2005, cigarette companies became
active in the smokeless tobacco industry and by 2009 controlled more than 80% of the industry and
increased marketing and encouraged dual use.3°2 These actions seem to have resulted in a

Figure 2. Past 30-Day and Daily Cigarette Smoking Prevalence Among Adolescents by Race (White and Black) and Grade From 1991 to 2019
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The dots represent the annual Monitoring the Future prevalence estimates, and the lines correspond to the best-fitting joinpoint model (Table 2). Data are plotted on a logarithmic
scale. Notice the different scales between White and Black adolescent smoking prevalence.
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temporary increase in use; however, as for cigarettes, accelerated decreases in use were seen since
approximately 2012.

Although little-cigar use is popular among youth,3® data on little-cigar use were not available in
the MTF survey until 2014. Although cigar use was decreasing slowly in previous years,>* the MTF
survey data indicate that regular little-cigar use among 12th graders decreased from 7% in 2014 to
4.9% in 2019, a 30% decrease, whereas flavored cigar use decreased by 35% among 12th graders
and 46% among 10th graders." Thus, little-cigar use has shown patterns of a rapid decrease in recent
years, similar to those for cigarette and smokeless tobacco use. Similar patterns have been observed
using the National Youth Tobacco Survey.>

During the period of greatest decrease in other tobacco products, e-cigarette use increased.
Joinpoint analysis of e-cigarette use was not conducted; there is a lack of comparable data from the
MTF survey because e-cigarette use was limited before 2011, and definitions in the MTF survey have
continued to change.®° The MTF survey began asking about vaping in 2015,3® when past 30-day
use was reported at 14.2% for 10th graders and 16.3% for 12th graders. With questions changing in
2016 to ask more broadly about vaporizers, rates decreased to 11.0% for 10th graders and to 12.5%
for 12th graders.>” With separate questions added about vaporizing nicotine and marijuana in 2017,
any vaping reached 13.1% (10th grade) and 16.6% (12th grade) but decreased to 8.2% (10th grade)
and 11.0% (12th grade) when confined to nicotine vaping.3® The any-vaping rates for 12th graders
increased to 26.7% in 2018 and 30.9% in 2019, with these rates being 20.9% in 2018 and 25.5% in
2019 for nicotine vaping.? The National Youth Tobacco Survey was the first youth survey to include
questions on vaping.8 Past 30-day vaping among high school students increased from 1.5% in 2011
t0 4.5% in 2013 and then to 13.4% in 2014,38 but only 15.5% of past 30-day vapers report using on
20 or more days of the past 30 days.3® Vaping increased slightly to 16.0% in 2015, decreased to 11.7%
in 2017, and increased to 20.8% in 2018 and to 27.5% in 2019.34° Frequent (=20 days) e-cigarette
use among high schoolers increased from 20.0% of e-cigarette users in 2017 to 27.7% in 2018 and
then to 34.2% in 2019.34° Similar patterns were observed in middle school students, with e-cigarette
use reaching approximately 5% in 2018.3 Therefore, the prevalence of any use and the frequency of
e-cigarette use increased in recent years.

Thus, the findings of the present study indicate acceleration of the rates at which cigarette
smoking and smokeless tobacco use decreased beginning by 2012 and especially after 2017, when
nicotine vaping and the use of Juul and similar vaping products in particular began to accelerate. The
association of e-cigarette use with smoking initiation has important implications for public health.
Previous analyses>#"** found that the public health impact of e-cigarette use will largely depend on
whether it predominantly acts as a gateway to regular smoking (ie, vaping leads to smoking for those
who would not have otherwise smoked, who then become exclusive smokers or dual users of
cigarettes and e-cigarettes) or to displace smoking (ie, as vaping prevents smoking for those who
otherwise would have smoked and instead vape temporarily or long-term or as a gateway out of
smoking for those who previously smoked and instead use e-cigarettes and then quit smoking). The
results of the present study do not preclude e-cigarettes acting as a gateway to smoking for some
individuals but indicate that such transitions have not been a dominant factor at the population level,

at least through 2019. Although some previous studies”*6-4°

suggest the importance of such
individual transitions from e-cigarette use to smoking, these studies often examined infrequent
cigarette use, 4648

of smoking,”*® and/or did not adequately control for shared risk factors.*® The results of the present

examined experimental e-cigarette use,”*%#8 did not consider the displacement

study indicate that daily smoking, the most concerning form of tobacco consumption, has had
particularly large decreases in recent years.

Although the increasingly rapid reductions in cigarette use cannot be attributed to increased
e-cigarette use, they closely follow the introduction of e-cigarettes into the market and their increase in
prevalence and at least suggest that the recent increase in e-cigarette use has not slowed the decrease
in smoking prevalence among youth. Even if the decrease in smoking could be attributed to vaping,
these results should not be interpreted to imply that vaping is not a public health concern, particularly
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at the high rates of youth use observed in 2019.24 It will be important to monitor e-cigarette use and its
use with cigarettes®® in future years and consider whether recent increases in e-cigarette use are main-
tained over time.>' At the same time, although the risks of e-cigarette use are uncertain,>? if e-cigarettes
are of substantially lower risk than cigarettes,>>>* then the public health effects of even small reduc-
tions in cigarette use are not likely to be offset by larger increases in e-cigarette use.*14°

Limitations

This study has limitations. First, the cross-sectional nature of the MTF survey precludes analyzing
individual trajectories of tobacco use among adolescents. Second, the information is self-reported,
and the results are subject to recall and response biases. However, school-based surveys have been
reported to be reliable for estimation of youth health behaviors.> Third, the MTF survey does not
ask specific questions on daily use, and the study consequently relied on questions about average
cigarette use per day. Fourth, findings are not generalizable to all youth, including those who are
homeschooled or have dropped out of school. Fifth, analyses did not control for other potentially
influential variables, such as geographic area or tobacco control policies. Some of the patterns
observed can be linked to tobacco policy changes in the US since 1991, but policies that target youth
cigarette smoking, such as price and media campaigns, do not appear to have played a major role
since 2012.8 Although cigarette prices increased substantially in 2009, they have remained relatively
stable since then.>® The Real Cost media campaign was implemented in 2014 and targeted youth,
but studies®”>® have found modest associations with youth cigarette use. Thus, tobacco control
policies do not appear to explain the major shifts in youth smoking trends observed in recent years.

Conclusions

In summary, these analyses indicate that past decreases in youth cigarette smoking and smokeless
tobacco use continued through 2019 and that these decreases accelerated in recent years since
e-cigarette use increased. Thus, despite its recent increase in popularity, e-cigarette use does not
seem to be reversing the decreases in other tobacco use prevalence, at least through 2019.
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