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e-cigarette vaping surge
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ABSTRACT

Objective To compare trends in cigarette smoking and
nicotine vaping among US population aged 17—18years
and 18-24years.

Methods Regression analyses identified trends in ever
and current use of cigarettes and e-cigarettes, using
three US representative surveys from 1992 to 2022.
Results From 1997 to 2020, cigarette smoking
prevalence among those aged 18-24 years decreased
from 29.1% (95% Cl 27.4% 10 30.7%) t0 5.4% (95%
Cl3.9% to 6.9%). The decline was highly correlated with
a decline in past 30-day smoking among those aged
17-18years (1997: 36.8% (95% Cl 35.6% to 37.9%;
2022:3.0% (95% Cl 1.8% to 4.1%). From 2017 to
2019, both ever-vaping and past 30-day nicotine vaping
(11.0% to 25.5%) surged among those 17—18years,
however there was no increase among those aged
18-24 years. Regression models demonstrated that

the surge in vaping was independent of the decline

in cigarette smoking. In the 24 most populous US
states, exclusive vaping did increase among those aged
18-24years, from 1.7% to 4.0% to equivalent to 40%
of the decline in cigarette smoking between 2014-15
and 2018-19. Across these US states, the correlation
between the changes in vaping and smoking prevalence
was low (r=0.11). In the two US states with >US$1/
fluid mL tax on e-cigarettes in 2017, cigarette smoking
declined faster than the US average.

Conclusions Since 1997, a large decline in cigarette
smoking occurred in the US population under age 24
years, that was independent of the 2017-19 adolescent
surge in past 30-day e-cigarette vaping. Further research
is needed to assess whether the 2014-15 to 2018-19
increase in exclusive vaping in those aged 18-24years
is a cohort effect from earlier dependence on e-cigarette
vaping as adolescents.

INTRODUCTION

Cigarette smoking has been the predominant
nicotine delivery system in the USA for over a
century,! but, among adolescents, it has recently
been replaced by e-cigarette vaping.” Tobacco use
usually begins between the ages of 12 and 24 years,’
with most people starting between ages 14 and 17
years.! After the 1998 Master Settlement Agree-
ment (MSA), a legal settlement to resolve lawsuits
filed by US State Attorneys General against the
tobacco industry, there was a long-term decline in
adolescent cigarette smoking." The MSA resulted
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Nicotine use in children and adolescents is
addictive and harmful. Adolescent cigarette
smoking declined in the USA, following
interventions funded by legal settlements
between US states and the tobacco industry;
however, since 2017 e-cigarette vaping has
surged among US teens.

WHAT THIS STUDY ADDS

= Between 1997 and 2020, cigarette smoking in
US young adults aged 18-24 years declined
continuously from 29.1% to 5.4%, closely
tracking cigarette smoking among adolescents
aged 17-18 years.The surge in e-cigarette
vaping occurred only among adolescents, and
was independent of smoking trends.Recently,
exclusive vaping has increased in young adults.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The recent surge in teen vaping was faster,
larger and independent of the long-standing
decline in cigarette smoking.Without additional
intervention, a cohort effect from adolescent
vaping will potentially increase nicotine use,
including exclusive e-cigarette vaping, among
young adults.

in nationwide implementation of three of the
six MPOWER tobacco control strategies recom-
mended by WHO to reduce smoking’: to warn the
population about harms of cigarette smoking, to
propose and enforce new advertising restrictions
and to raise cigarette prices.® The implementation
of advertising restrictions had an immediate effect
in reducing adolescent receptivity to tobacco adver-
tising, a validated predictor of initiation.”
E-cigarettes were introduced in the USA in
2007.% From 2013 to 2015, past 30-day e-cigarette
vaping increased threefold in national surveys of
high school students.” Some adolescents who
started vaping subsequently switched to cigarette
smoking.'”'* More recently, e-cigarette vaping
surged with the introduction of a new genera-
tion of high-nicotine e-cigarettes' that used fruit
and candy flavourings,"*™® and many adolescents
have become dependent on daily vaping.'” '
From August 2019 until February 2020, there was
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widespread news coverage of Centers for Disease Control
and Prevention-reported outbreak of E-cigarette and Vaping
Associated Lung Injury (EVALI) and this was associated with
changed risk perceptions of e-cigarette vaping in youth and
young adults,” 2° which should be associated with reduced
initiation.*'

Lifelong cigarette smoking harms nearly every organ of the
body and reduces life expectancy by ~10 years,**>* although
there is a long latency period.”® There are well-established
biomarkers for disease from cigarette smoking?® and a devel-
oping list of biomarkers for potential disease from e-ciga-
rettes,”’ >’ although none reach the criteria needed to be
markers of clinical disease onset,*® nor considered adequate
to be included in screening modalities for lung cancer.’!
Despite this uncertainty, some have used such biomarkers to
predict future disease risk, suggesting that e-cigarettes are
much safer than cigarettes.*? This idea has gained some accep-
tance in the context of adult cigarette smokers who switch
from smoking cigarettes to e-cigarette vaping.® Recently, Sun
et al*® argued that this concept should be extended to adoles-
cent tobacco use, suggesting that, for health policy purposes,
the high prevalence of adolescent e-cigarette vaping should
be discounted by the presumed lower risk of health conse-
quences compared with cigarette smoking. However, leading
public health organisations, noting harm to children and
adolescents from nicotine inhalation, have maintained their
goal to reduce all types of tobacco use, including e-ciga-
rettes.”*

Adolescents who start vaping e-cigarettes have a similar
substance use risk profile as those who start smoking ciga-
rettes, including sensation-seeking and hopelessness,*® as
well as internalising and externalising mental health problem
behaviours.’” Well-known sociodemographic differences
in cigarette smoking prevalence across subgroups of age,
sex, education and race-ethnicity®® have been replicated
for e-cigarette vaping.’’ Early evidence suggests that there
may have been a shift in social norms among adolescents,
with cigarettes now being associated with risk and negative
affect, while e-cigarettes are not.*’ Some have suggested that
adolescents have an equivalent choice between cigarettes and
e-cigarettes and that the rise in e-cigarette vaping is associ-
ated with a more rapid decline in cigarette smoking*' ** and
further, that preliminary evidence suggests that disincentiv-
ising e-cigarettes (eg, with taxes) would encourage youth
cigarette smoking.*

In this paper, we use three large nationally representative
surveys of US residents aged 17-24 years with serial cross-
sectional prevalence estimates for cigarettes from 1992 and
for e-cigarette vaping from 2014. We assess the strength of
associations between rising prevalence of nicotine vaping
and falling prevalence of cigarette smoking. For young
adults, we investigate state-level changes in prevalence of
cigarette smoking and exclusive vaping (defined as of e-cig-
arette vaping without cigarette smoking) from 2014-15 to
2018-19. To investigate whether taxing e-cigarettes encour-
ages young adult cigarette smoking, we report case studies
from two states identified as taxing e-cigarettes at >US$1/
fluid mL in 2017,* a meaningful level that may encourage
behaviour change,** and report changes in prevalence of
cigarette smoking and exclusive vaping among those aged
18—24 years. Finally, we report changes in the sociodemo-
graphic patterns of cigarette smoking and exclusive vaping
in this young adult population.

METHODS

Data sources

We describe the three surveys in detail in online supplemental 1
and provide a brief summary below.

Tobacco Use Supplements to the Current Population Survey
(TUS-CPS)*: the CPS is a US labour force survey of ~54000
households/month. Since 1992, the National Cancer Institute
has coordinated supplements for independent survey months
with 3 monthly samples over a 12-month period, approx-
imately every 3 years. Response rates have varied between
62% and 75%. We limited the sample to self-respondents aged
18-24 years to tobacco use questions. For state-specific data, we
limit our analyses to the 24 states with populations >5 million
on the 2020 US Census to narrow the confidence limits (CLs).
These states contained 82% of the estimated total US population
in 2020-22.*

National Health Interview Survey (NHIS)Y is the US annual
illness and disability survey of ~35000 households/year. Ciga-
rette smoking prevalence questions started in 1965, became only
self-reported in 1974 and have been part of the annual core
questions since 1997. Response rates are ~70%.

Monitoring the Future High School Seniors Surveillance system
(MTF-HSS)' has conducted annual in-school surveys (since
1975) of national samples of ~16000 final-year high school
students (usually aged 17-18 years) on drug use. Response rates
average ~849%. COVID-19 disrupted in-school data collection
in 2020, but a sensitivity analysis of previous years supported use
of the available data from the first part of that year.*® We report
data from 1991 to 2022.

Cigarette smoking prevalence questions: both TUS-CPS and
NHIS asked respondents if they had smoked 100 cigarettes
in their lifetime and, if yes, whether they now smoked every
day, some days or not at all. MTF-HSS asked both lifetime ever
smoking and past 30-day smoking on each survey.

E-cigarette vaping prevalence questions: we report MTF-HSS
and TUS-CPS data. While MTF-HSS began asking lifetime ever
use and past 30-day vaping in 2014, they divided this category
in 2017 (and later surveys) when they asked the same questions
for nicotine vaping and we report this variable. In both 2014-15
and 2018-19, TUS-CPS asked “Have you ever used e-ciga-
rettes, even one time?” and “Do you now use e-cigarettes every
day, some days or not at all?” We report both ever e-cigarette
vaping and exclusive e-cigarette vaping (vaping without cigarette
smoking).

Analysis

Weighted estimates with 95% Cls were calculate and
assessed for statistical significance at a two-sided 5% level.
Non-overlapping CLs were used to identify statistically signif-
icant differences within and across states between independent
surveys at the 0.05 level, a conservative approach. Analyses were
conducted using R v.4.1.2,°! with simple calculations done in
Excel. Prevalence estimates for those aged 18-24years were
compared between NHIS and TUS-CPS using correlations paired
by survey year, where data were available for both surveys. We
analysed time trends for current smoking (NHIS) among those
aged 18-24years, using linear first-degree regression splines
with knots at key time points ~5§ years apart: 1997 (prior to
MSA), 2002, 2008 (prior to Tobacco Control Act), 2013 (early
e-cigarette increases). We used a similar model for ever smoking
among those aged 17-18 years and past 30-day smoking (MTF-
HSS) among those aged 17-18years, with an additional knot
for the 2017 (e-cigarette surge) and we included the e-cigarette
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Estimates of current cigarette smoking prevalence among the US population aged 18-24 years from 1991 to 2020 surveys. NHIS, National

Health Interview Survey; TUS-CPS, Tobacco Use Supplements to the Current Population Survey. In July 1997, the first state entered into a Settlement
Agreement with the tobacco industry that led to a number of tobacco control interventions.

prevalence estimates as predictors in this model. We report the
goodness of fit for these models. To describe trends in e-cigarette
ever vaping and past 30-day vaping, we used a similar model for
the 2017-2022 data with a knot at 2020 (when reporting on
EVALI outbreak ended).

We use the TUS-CPS to investigate the sociodemographic
characteristics of current smoking and exclusive vaping among
those aged 18-24 years, and calculate adjusted ORs for different
sociodemographic subgroups in both 2014-15 and 2018-19. We
use the ratio of ORs between years to assess whether the odds of
smoking across sociodemographic subgroups changed over time,
with CIs computed using the delta method.*?

To investigate if e-cigarette vaping is replacing cigarette
smoking as the predominant nicotine delivery system in those
aged 18-24 years, we analysed state estimates from the 2014-15
and 2018-19 TUS-CPS for the 24 most populous US states.
We report changes in prevalence of cigarette smoking and of
exclusive vaping, and combined prevalence of cigarette and/or
e-cigarette use. We report the replacement ratio (RepR), which
we define as (the percentage point change in prevalence of
exclusive vaping)/(percentage point change in cigarette smoking
prevalence).

RESULTS

Trends in young adult cigarette smoking prevalence, 1991-
2020 and ever vaping between 2014-15 and 2018-19

The TUS-CPS and NHIS data show highly correlated (r=0.987)
prevalence of current smoking among those aged 18-24years
(figure 1). Time trends from 1991 to 2020 were estimated using
NHIS data, modelled by first-degree regression splines with knots
at 1997, 2002, 2008 and 2013 (R*=0.97). Prevalence increased
from 1991 to 1997 and then declined at —1.37 percentage points
per year (pp/y) up to 2020. There was no significant change in
slope in either 2002 (p=0.5), 2008 (p=0.55) or 2013 (p=0.12)
(online supplemental eTable 1). In the TUS-CPS data, between
2014-15 and 2018-19, the proportion of US young adults aged
18-24 years who had ever vaped an e-cigarette did not change
(online supplemental eTable 2).

Trends in US population aged 17-18 years regarding
prevalence of ever use and past 30-day use, for cigarette
smoking and for nicotine vaping, 1991-2020

Using MTF-HSS data and a similar regression spline model
as above (R?=0.99), we observed an increase in ever smoking
among those aged 17-18 years through 1997 (figure 2). Subse-
quently, prevalence declined by —2.4 pp/y, with no significant
change in slope in 2002 (p=0.14) or 2008 (p=0.06) (online
supplemental eTable 1). However, between 2013 and 2017,
the decline in ever smoking accelerated by an additional —1.19
pp/y to —=3.59 pp/y (p=0.02). From 2017 to 2022, ever nicotine
vaping was added to the model, but this was not associated with
any additional change in the decline in ever smoking over this
period (p=0.33).

A similar regression spline model of past 30-day smoking
(R*=0.99) also showed an increase from 1991 to 1997. Subse-
quently, prevalence declined by —3.63 pp/y (p<0.0001) until
2002 after which the rate of decline slowed to —2.67 pply
(p=0.002). The slope of this decline did not change in 2008
(p=0.96), 2013 (p=0.28) or when past 30-day nicotine vaping
was added to the model from 2017 (p=0.95). Between 1997
and 2017, prior to the e-cigarette vaping surge, 30-day cigarette
smoking prevalence had already declined to around a quarter of
the 1997 level and this rate of change continued through 2022,
when only 3.0% (95% CI 1.8% to 4.1%) were past 30-day
smokers. From 2002, past 30-day prevalence among those aged
17-18 years using the MTF-HSS data was very highly correlated
with current cigarette smoking levels among those aged 18-24
years using the NHIS data (r=0.997) (figure 2), suggesting that
there was no late initiation of cigarettes in the young adult years.

A regression spline model of ever nicotine vaping prevalence
from 2017 to 2020, with a knot at 2020 (R*=0.88), showed a
rapid increase from 2017 t0 2020, at arate of 6.1 pp/y (p=0.009).
In 2020, this slope reversed and started to decline at —9.75 pp/y
(p=0.02). The 2022 prevalence of 37.5% (95% CI 30.8% to
44.39%) suggests that this sudden decline may have lasted only
1year. The regression spline model of past 30-day vaping among
those aged 17-18years was not a good representation of the
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Figure 2 Lifetime ever use and past 30-day use of cigarettes and nicotine vaping among US finalyear high school students from 1991 to

2022 surveys. From figure 1, current smoking prevalence among those aged 18-24 years has been added for comparison purposes. *Settlement
Agreements. In July 1997, the first state entered into a Settlement Agreement with the tobacco industry that led to tobacco control interventions;
other states quickly followed. tThe E-cigarette and Vaping Associated Lung Injury (EVALI) outbreak was first reported in August 2019 and Centers for
Disease Control and Prevention stopped reporting on it in February 2020. Source: Monitoring the Future 2022 historical data. Lifetime use and past
30-day use were asked for cigarette smoking throughout the period. Measurement of nicotine vaping started in 2017.

data (R*=0.47). Between 2017 and 2019, the observed preva-
lence increased from 11.0% to 25.5%, at an 4.1 pp/y, but then
declined to 19.6% in 2021, and was 20.7% in 2022 (figure 2).

Sociodemographic patterns of cigarette smoking among US
population aged 18-24 years in 2001-02 and 2018-19
Between 2001-12 and 2018-19, TUS-CPS prevalence of ciga-
rette smoking among those aged 18-24years declined by 25.9
pp (95% CL 25.2 pp to 26.6 pp) (table 1). In 2001-02, those
aged 22-24years had a higher prevalence than those aged
18-21years, those who did not attend college had a higher
prevalence than those who did, females had a lower prevalence
than males, non-Hispanic whites (NHW) had a higher preva-
lence than non-Hispanic blacks (NHB), Hispanics and Asian/
Pacific Islanders. Large declines were observed across all age,
sex, education and race-ethnicity subgroups, which increased
relative differences between most subgroups, including age, sex,
education and between NHW and Asian/Pacific Islanders. The
larger decline in NHW reduced the relative difference signifi-
cantly between NHW and both NHB and Hispanics (table 1).

Sociodemographic patterns of exclusive vaping among US
population aged 18-24 years in 2014-15 and 2018-19
Between 2014-15 and 2018-19, exclusive vaping prevalence
more than doubled (table 2). Prevalence was higher among
those aged 18-21years than those aged 22-24years—a gap
that increased over time. While prevalence was higher in those
with no college education, this did not reach statistical signifi-
cance in either year. Females had a lower prevalence than males,
although the gap declined between survey years. Compared with
NHW, there was a much lower prevalence for NHB, Hispanics
and Asian/Pacific Islanders, and differences between NHW and
Hispanics increased between the two survey years. Similar distri-
butional patterns were observed for exclusive vaping and ciga-
rette smoking (table 1 vs table 2) for sex and race-ethnicities;

however, the pattern for age was reversed for exclusive vaping
with higher prevalence in those aged 18-21years than those
aged 22-24years. Notably, although e-cigarette prevalence
appeared higher in those who did not attend college, the strong
educational difference seen in cigarette smoking was absent in
exclusive vaping prevalence.

State-specific prevalence of cigarette and e-cigarette use
among those aged 18-24 years

Figure 3 presents the TUS-CPS prevalence of cigarette smoking
(blue) and exclusive vaping (gold) for each of the 24 most popu-
lous US states (representing 82% of the US population). Stacked
bars with CLs on the combined bar height indicate the prevalence
of cigarette and/or e-cigarette use (data in online supplemental
eTable 3). Comparing 2014-15 with 2018-19, current cigarette
smoking prevalence declined across the 24 most populous states,
with considerable heterogeneity: the average decline was 5.6
pp (range +1.6to —12.8 pp) (online supplemental eTable 4).
During this same period, current exclusive vaping increased, on
average, by 2.3 pp (range —2.4 pp to +8.7pp) from 1.7% to
4.0%. There was not a high correlation across states between
changes in vaping and changes in smoking (r=0.11) as would
be expected if one was a simple replacement of the other. The
average RepR across states was 0.4 (range —0.96, 2.71), indi-
cating that only 40% of the drop in cigarette smoking prevalence
was ‘replaced’ by the increase in nicotine vaping prevalence
(online supplemental eTable 3).

Panel A of figure 3 shows the eight states with significant
declines in smoking prevalence from 2014-15 to 2018-19
ordered by 2014-15 prevalence. These states had high cigarette
smoking prevalence in 2014-15 (average 16.2%) and substantial
and significant declines by 2018-19 (average —10.1 pp, range
—6.3 pp, —12.8 pp) (online supplemental eTable 3). In contrast,
panel B shows eight states with a similar high 2014-15 prev-
alence (average 16.1%) but their declines (average —7.2 pp,
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Table 1 Logistic regression models of current cigarette smoking among US population aged 18-24 years, by sociodemographic variables, 2001-02
and 2018-19

Prevalence of current cigarette smoking

" Ratio of adjusted ORs

2001-02 2018-19 (ROR=AOR 2018-19/A0R 2001-02)
Cigarette smoking Cigarette smoking

Sociodemographic variables Sample N Pop % % 95% CL Sample N Pop % % 95% CL ROR 95% CL
Overall 16707 25.9 25.21026.6 7637 7.4 6.8108.0
Age (years)

18-21 8803 54.6 24.0 23.2t024.7 3435 52.8 5.7 5.1t06.3

22-24 7904 45.4 27.7 26.810285 4202 47.2 93 8.61010.0

AOR 1.42 1.33t01.50 2.24 1.94102.58 1.58 135t01.84
Education

College 7610 445 23.4 22710241 4113 50.6 6.1 5.5t06.7

No college 9097 55.5 28.0 27.11t028.9 3524 49.4 8.7 8.0t09.5

AOR 2.27 2.12t02.44 2.96 2.54 t0 3.46 1.30 1.10 to 1.55
Sex

Male 7521 49.1 30.6 29.8t031.4 3316 454 10.6 9.8to11.4

Female 9186 50.9 19.5 18.81020.3 4321 54.6 4.8 421053

AOR 0.83 0.78 t0 0.88 0.71 0.61 t0 0.82 0.86 0.73 t0 1.00
Race-Ethnicity

NHW 11583 65.6 30.8 30.1t031.5 4554 52.8 9.1 841098

NHB 1791 13.6 16.8 15.6 t0 18.1 865 135 73 6.1t087

Other/Multiple races 308 0.8 38.0 32.7t043.6 280 35 11.0 8710 14.0

A/PI 704 35 17.4 15.21t019.8 426 6.7 24 1.4t04.0

Hispanic 2321 16.5 13.6 12.6 to 14.7 1512 234 4.5 381053
AOR

NHB 0.40 0.36 to 0.44 0.72 0.58 t0 0.89 1.80 1.42102.28

Hispanic 0.29 0.26 t0 0.32 0.42 0.35t0 0.50 1.45 1.18101.78

A/PI 0.55 0.46 to 0.66 0.30 0.18t0 0.49 0.55 0.32t00.93

Source: tobacco use supplement to the current population survey (https://cancercontrol.cancer.gov/brp/tcrb/tus-cps/questionnaires-data).
*NHW reference group.
AOR, adjusted OR; A/PI, Asian/Pacific Islanders; CL, confidence limits; NHB, non-Hispanic black; NHW, non-Hispanic white; Pop, population of the USA aged 18-24 years; ROR, ratio of OR.

Table 2 Logistic regression models of changes in US population aged 18-24years in current prevalence of exclusive vaping, by sociodemographic
variables before and after the 2017 e-cigarette vaping surge: TUS-CPS 2014-15 and 2018-19

Prevalence of current exclusive e-cigarette vaping

Ratio of AOR
2014-15 2018-19 (ROR=AOR 2018-19/A0R 2014-15)

Sociodemographic variables % 95% CL % 95% CL % ROR 95% CL*
Overall 1.56 1.38 t0 2.00 3.96 3.62 t0 4.00
Age (years)

18-21 1.67 1.43 t0 1.96 4.94 4.42 t0 5.51

22-24 143 1.211t01.70 2.87 2.49103.29

AOR 0.88 0.70to 1.11 0.57 0.47 t0 0.69 0.65 0.48t0 0.87
Education

College 1.38 1.17 t0 1.62 3.51 3.12103.95

No college 1.77 1.49 t0 2.09 4.50 3.99 t0 5.08

AOR 123 0.98 to 1.55 1.15 0.96 to 1.38 0.93 0.70 to 1.25
Sex

Male 224 1.96 to 2.57 4.98 44410558

Female 0.89 0.72 t0 1.09 2.97 2.60t03.38

AOR 0.40 0.32 t0 0.50 0.58 0.49t0 0.70 1.45 1.09to 1.93
Race-Ethnicity

NHW 1.96 16910227 5.58 5.05t0 6.16

NHB 0.61 0.37 t0 1.01 1.18 0.74t0 1.86

Other/Multiple races 231 1.49 to 3.55 4.89 3.16 t0 7.50

A/PI 0.34 0.12t0 1.00 1.58 1.02 to 2.43

Hisp 1.42 1.08 t0 1.86 2.47 1.97 to 3.08

NHW versus NHB AOR 0.31 0.18t0 0.52 0.20 0.12t0 0.32 0.65 03110133

NHW versus Hisp AOR 0.69 0.41 0320 0.53 0.59 0.40 to 0.89

0.50 to 0.95
NHW versus A/PI AOR 0.18 0.06 to 0.54 0.27 0.17 to 0.42 1.50 0.46 to 4.92

Source: tobacco use supplement to the current population survey.
*Calculated by delta method.
AOR, adjusted OR; A/PI, Asian/Pacific Islanders; CL, confidence limits; Hisp, Hispanic; NHB, non-Hispanic black; NHW, non-Hispanic white; ROR, ratio of OR; TUS-CPS, Tobacco Use Supplements to the Current Population Survey.
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Figure 3  Current prevalence of cigarettes and e-cigarettes use among US young adults aged 18-24 years, 2014—15 and 2018-19, for the 24 most
populous US states. (A) Eight states with significant declines in cigarette smoking (non-overlapping Cls between years); (B, C): other 16 states, in order
of cigarette smoking prevalence in 2014-15. Source: Tobacco Use Supplement to Current Population Survey. Pop=state population, source: US Bureau
of Census estimate of population of state in July 2021 in millions. States logo coloured in pink are those with above average increase in exclusive
vaping in which this increase at least matched the decline in cigarette smoking. States logo coloured in green are the only two states with >US$1/

fluid mL tax on e-cigarettes.

range —4.4 pp, —10.1 pp) by 2018-19 did not reach statistical
significance. Panel C consists of the eight states with the lowest
cigarette smoking prevalence in 201415 (average 9.1%), where
smaller non-significant declines or no changes were observed
(average —2.5 pp, range +1.6 pp, —7.6 pp).

Across all three panels, only four states had a greater than
median increase (>2.3 pp) in exclusive vaping over this period
and had an increase in exclusive vaping that at least matched the
decline in cigarette smoking (an RepR of =1.0). These states
were represented across the panels, highlighting the hetero-
geneity: panel A (Colorado: RepR=1.2); panel B (Wisconsin:
RepR=1.1) and panel C (Arizona: RepR=2.7; New York:
RepR=1.1) (online supplemental eTable 3).

Only 2 of the 24 most populous states had high e-cigarette
taxes in 2017: Pennsylvania (US$1.05/fluid mL) and Minne-
sota (US$2.49/fluid mL).** Between 2014—15 and 2018-19, the
proportion of those aged 18-24years who vaped e-cigarettes
exclusively declined from 3.3% to 0.9% in Pennsylvania, while
remaining unchanged at 2.8% in Minnesota. These were both in
contrast to the remaining state’s average increase (+2.3 pp) over
this period (figure 3 and online supplemental eTable 3). During
this period, the prevalence of cigarette smoking in Pennsylvania
declined by 6.3% pp and, in Minnesota, it declined by 8.6%
pp (online supplemental eTable 4). Thus, the cigarette smoking
prevalence decline in both states with meaningful e-cigarette
taxes was greater than the 5.6% decline for the USA as a whole
(2014-15=13.0%, 95% CI 12.2% to 13.7%; 2018-19=7.4%,
95% CI 6.7% to 8.1%).

DISCUSSION

Since 1997, among US young adults aged 18-24 years, current
cigarette smoking declined at a rapid, consistent rate of 1.37
pp/y, to attain 5.4% prevalence in 2020—a decline that was
highly correlated with the decline seen over the same period in
past 30-day cigarette smoking among those aged 17-18 years.
However, the surge of increased ever e-cigarette vaping among
those aged 17-18years, from 26.6% to 44.9% between 2017
and 2020, was not observed among those aged 18-24years,
among whom ever e-cigarette vaping was still only 15.3% in
2018-19. Modest increases in young adult exclusive vaping were
observed between 2014-15 and 2018-19, which we hypothesise

resulted from a cohort effect of adolescents who had already
become dependent on vaping'” '® aging-in to their young adult
years.

Large declines in cigarette smoking prevalence were observed
among all sociodemographic groups, but differences across
subgroups defined by age, sex, education and race-ethnicity
remained. We noted similarities in sociodemographic subgroups
who were more likely to exclusively vape e-cigarettes, compared
with those who smoked cigarettes. Despite consistent declines
in national cigarette smoking prevalence, there was considerable
heterogeneity across the 24 most populous US states, with differ-
ences in state-level changes from 2014-15 to 2018-19 of up to
14 pp. Over this period, increases in the prevalence of exclu-
sive vaping only equated to an average of 40% of the decline
in cigarette smoking, and there were only four states in which
the increase in vaping matched the decline in cigarette smoking.

Previously, Meza et al*' hypothesised that the rise in e-cig-
arette vaping in adolescents increased the rate of decline in
adolescent cigarette smoking, using as a metric the annual
per cent change in prevalence. When we analysed change in
prevalence directly for US population aged 17-18 years, rather
than as an annual per cent change, we were unable to replicate
their result. We went a step further and added cigarette vaping
prevalence to the model of cigarette smoking prevalence and
found no association between trends in vaping prevalence and
smoking prevalence. Using the variance in changes in prevalence
across states among those aged 18-24years, there was a low
correlation (r=0.11) between the decline in cigarette smoking
prevalence and the increase in exclusive vaping. Abouk et al*’
studied 14 jurisdictions with at least some tax on e-cigarettes,
but only two of these were large states with taxes large enough
to possibly influence behaviour.** They concluded that taxing
e-cigarettes would push young people to cigarettes; however, in
the two states with sizeable e-cigarette taxes, we did not find this
to be the case. There was no evidence suggesting the increase
in adolescent e-cigarette vaping was associated with a post-
poned increase or decrease in young adult cigarette smoking.
Taken together, these data suggest that the factors leading to
an increase in nicotine vaping are largely independent of those
associated with the long-term consistent decline observed in
cigarette smoking.
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In the 20 years prior to the 2017 surge in e-cigarette vaping
among those aged 17-18 years, cigarette smoking prevalence had
already declined by almost three-quarters, although the substance
use risk profile among adolescents may not have changed.”® We
hypothesise that the rapid increase in e-cigarette vaping between
2017 and 2020 was related to the products’ appeal to individ-
uals with the same risk profile for cigarette smoking, but who
may have been subject to strong social norms against cigarette
smoking.*® The MSA prohibited cigarette advertising targeting
adolescents,® but US e-cigarette advertising remains largely unre-
stricted.’”* In 2013-14, analyses of the Population Assessment of
Tobacco and Health Study found that among committed never
tobacco users, receptivity to advertising was higher for e-ciga-
rettes than cigarettes,” and receptivity was strongly associated
with ever e-cigarette vaping at 12-month follow-up.’® The 2017
surge in adolescent vaping coincided with the launch of effec-
tive marketing campaigns for a new generation of flavoured,
high nicotine e-cigarettes,”” which were associated with marked
increases in daily and dependent vaping particularly among
adolescents.'® The Food and Drug Administration responded
by removing flavourings from some e-cigarette products’® and
this action was associated with a drop in the market share of
the leading product, JUUL.” Adolescents quickly switched
to flavoured, disposable e-cigarettes, suggesting that fruit and
candy flavourings are a major attractant for teens. A number
of states have introduced bans on flavourings in tobacco prod-
ucts,®® which could potentially reduce adolescent vaping levels
in the future.

Strengths and limitations

A strength of this study is its use of multiple national surveil-
lance systems, each with serial cross-sectional surveys, that
demonstrate a consistent and similar pattern of decline in youth
and young adult cigarette smoking. The TUS-CPS and NHIS
provided very similar estimates of smoking prevalence, strength-
ening confidence in the observed decline. However, the study
is limited as it is largely descriptive and aims to identify trends
and suggest hypotheses for further research, rather than testing
causal inferences.® Additionally, other potential influences on the
major decline in cigarette smoking need to be acknowledged.
These include state-level differences in cigarette prices,*' expen-
ditures on tobacco control programmes®' and changes in social

1‘101‘1'1’18.62

CONCLUSIONS

Cigarette smoking has declined precipitously among both adoles-
cents and young adults since 1997. Starting in 2017, adolescent
e-cigarette vaping surged, concomitant with the popularity of
flavoured, high nicotine e-cigarettes that have been shown previ-
ously to lead to dependence. Our findings do not support the
previously suggested evidence that this increase in e-cigarette
vaping was associated with a more rapid decline in adolescent
cigarette smoking. Among US population aged 18-24 years, there
was no similar surge in ever vaping. However, further research
is needed to investigate a potential cohort effect of adolescents
ageing into adulthood that may be leading to increased preva-
lence of exclusive vaping among these young adults. Despite the
consistent, decades long national decline in cigarette smoking,
there is considerable heterogeneity across US states in both rates
of decline of cigarette smoking and in increases of exclusive
vaping, which offers opportunity to identify potential public
health interventions for both of these trends.

Twitter Matthew D Stone @MatthewDavStone

Contributors JPP is responsible for the overall content and is the guarantor of

the paper. JPP and KM conceptualised and designed the study, drafted the initial
manuscript and reviewed and revised the manuscript. SBM and JPP acquired funding
for the study. ML undertook the analyses for this study under the supervision of

KM. MS, ML, ECL, DS, YS, SK and TB had input into the study conceptualisation and
critically reviewed the manuscript for important intellectual content. All authors
approved the final manuscript as submitted and agreed to be accountable for all
aspects of the work.

Funding This project was supported by the Tobacco-Related Disease Research
Program (TRDRP) of the University of California, Office of the President
(T31IR-1584).

Disclaimer The funding source had no role in the design and conduct of the
study, collection, management, analysis and interpretation of the data, preparation,
review or approval of the manuscript and the decision to submit the manuscript for
publication. All data used are available in public use files.

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval This project was approved as being secondary data analysis of
public use files and not involving human subjects by the Institutional Review Board
at University of California, San Diego.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available in a public, open access
repository.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local requlations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

John P Pierce http://orcid.org/0000-0002-0075-7471
Matthew D Stone http://orcid.org/0000-0002-1152-0621
Eric C Leas http://orcid.org/0000-0001-9221-0336
Yuyan Shi http://orcid.org/0000-0001-9293-0659

REFERENCES

1 US Department of Health and Human Services. The Health Consequences of
Smoking-50 Years of Progress: A Report of the Surgeon General. Atlanta, GA:
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 Centers for Disease Control and Prevention. Surgeon general’s advisory on E-cigarette
use among youth 2018. 2018 Available: https://www.cdc.gov/tobacco/basic_
information/e-cigarettes/surgeon-general-advisory

3 Gilpin EA, Lee L, Evans N, et al. Smoking initiation rates in adults and minors: United
States, 1944-1988. Am J Epidemiol 1994;140:535-43.

4 National Association of Attorneys General. The master settlement agreement 2018.
2018 Available: https://www.naag.org/our-work/naag-center-for-tobacco-and-public-
health/the-master-settlement-agreement

5 World Health Organization. Mpower. n.d. Available: https://www.who.int/initiatives/
mpower

6 Daynard RA, Parmet W, Kelder G, et al. Implications for tobacco control of the
multistate tobacco settlement. Am J Public Health 2001;91:1967-71.

7 Gilpin EA, Distefan JM, Pierce JP. Population receptivity to tobacco advertising/
promotions and exposure to anti-tobacco media: effect of master settlement
agreement in California: 1992-2002. Health Promot Pract 2004;5:915-8S.

8 Eaton DL, Kwan LY, et a/, National Academies of Sciences Engineering and Medicine.
Public Health Consequences of E-Cigarettes. Washington (DC): National Academies
Press (US), 2018.

9 National Center for Chronic Disease Prevention and Health Promotion (US) Office on
Smoking and Health. £-Cigarette Use Among Youth and Young Adults: A Report of

Pierce JP, et al. Tob Control 2023;0:1-8. doi:10.1136/tc-2022-057907

"bBLAdos Aq palosiold 1sanb Ag £20Z ‘0T J8QWSAON UO /W02 [’ |[01u02099.q0)//:dNY WOl PapeojUMO( "£20Z JOGUIBAON 8 UO /06/.50-2202-9Y9STT 0T Se paysignd 11y :jonuod qoL


https://twitter.com/MatthewDavStone
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0075-7471
http://orcid.org/0000-0002-1152-0621
http://orcid.org/0000-0001-9221-0336
http://orcid.org/0000-0001-9293-0659
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/surgeon-general-advisory
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/surgeon-general-advisory
http://dx.doi.org/10.1093/oxfordjournals.aje.a117280
https://www.naag.org/our-work/naag-center-for-tobacco-and-public-health/the-master-settlement-agreement
https://www.naag.org/our-work/naag-center-for-tobacco-and-public-health/the-master-settlement-agreement
https://www.who.int/initiatives/mpower
https://www.who.int/initiatives/mpower
http://dx.doi.org/10.2105/ajph.91.12.1967
http://dx.doi.org/10.1177/1524839904264601
http://tobaccocontrol.bmj.com/

Original research

20

21

22

23

24

25

26

27

28

29

30

31

32

34

35

the Surgeon General. Atlanta (GA): Centers for Disease Control and Prevention (US),
2016. Available: https://www.ncbi.nlm.nih.gov/books/NBK538680/

Leventhal AM, Strong DR, Kirkpatrick MG, et al. Association of electronic cigarette use
with initiation of combustible tobacco product smoking in early adolescence. JAMA
2015;314:700-7.

Pierce JP, Chen R, Leas EC, et al. Use of E-cigarettes and other tobacco products and
progression to daily cigarette smoking. Pediatrics 2021;147.

Soneji S, Barrington-Trimis JL, Wills TA, et a/. Association between initial use of E-
cigarettes and subsequent cigarette smoking among adolescents and young adults: a
systematic review and meta-analysis. JAMA Pediatr 2017;171:788-97.

Jackler RK, Ramamurthi D. Nicotine arms race: JUUL and the high-nicotine product
market. Tob Control 2019;28:623-8.

Goldenson NI, Leventhal AM, Simpson KA, et al. A review of the use and appeal of
flavored electronic cigarettes. Curr Addict Rep 2019;6:98-113.

Gentzke AS, Wang TW, Cornelius M, et al. Tobacco product use and associated factors
among middle and high school students - national youth tobacco survey, United
States, 2021. MMWR Surveill Summ 2022;71:1-29.

Johnston LD, Miech RA, 0'Malley PM, et al. Monitoring the future national survey
results on drug use, 1975-2020: overview, key findings on adolescent drug use.
Institute for Social Research 2021. Available: https://monitoringthefuture.org/wp-
content/uploads/2022/08/mtf-overview2020.pdf

Pierce JP, Leas EC, Strong DR. Biochemical validation of dependence on JUUL and
other E-cigarettes among youth. Pediatrics 2023;151.

Pierce JP, Zhang J, Crotty Alexander LE, et al. Daily E-cigarette use and the surge in
JUUL sales: 2017-2019. Pediatrics 2022;149.

Moustafa AF, Rodriguez D, Mazur A, et al. Adolescent perceptions of E-cigarette
use and Vaping behavior before and after the EVALI outbreak. Prev Med
2021;145.

Morgan JC, Silver N, Cappella JN. How did beliefs and perceptions about E-
cigarettes change after national news coverage of the EVALI outbreak? PLoS One
2021;16:0250908.

Manzione LC, Shan L, Azagba S. Associations between risk perceptions and cigarette,
E-cigarette, and dual-product use among Canadian adolescents. Tob Use Insights
2020;13.

Doll R, Peto R, Boreham J, et a/. Mortality in relation to smoking: 50 years’
observations on male British doctors. BMJ 2004;328:1519.

Thomson B, Emberson J, Lacey B, et al. Association between smoking, smoking
cessation, and mortality by race, ethnicity, and sex among US adults. JAMA Netw
Open 2022;5:¢2231480.

Thun MJ, Lopez AD, Hartge P. 50-year trends in smoking-related mortality in the
United States. N Engl / Med 2013;368:351-64.

Pierce JP. Quitting smoking by age 35 years-a goal for reducing mortality. JAMA Netw
Open 2022;5:€2231487.

Chang CM, Edwards SH, Arab A, et al. Biomarkers of tobacco exposure: summary

of an FDA-sponsored public workshop. Cancer Epidemiol Biomarkers Prev
2017;26:291-302.

Bozier J, Chivers EK, Chapman DG, et a/. The evolving landscape of E-cigarettes: a
systematic review of recent evidence. Chest 2020;157:1362-90.

Majid S, Weisbrod RM, Fetterman JL, et al. Pod-based E-liquids impair human vascular
endothelial cell function. PLoS One 2023;18:e0280674.

Moshensky A, Brand CS, Alhaddad H, et al. Effects of mango and mint pod-based
E-cigarette aerosol inhalation on inflammatory states of the brain, lung, heart, and
colon in mice. Elife 2022:11:67621.

Micheel CM, Ball JR, Institute of Medicine. Evaluation of Biomarkers and Surrogate
Endpoints in Chronic Disease. Washington DC: National Academies Press (US), 2010.
Krist AH, Davidson KW, Mangione CM, et al. Screening for lung cancer: US preventive
services task force recommendation statement. JAMA 2021;325:962-70.

E-cigarettes: public health England’s evidence-based confusion. Lancet 2015;386:829.

Sun R, Mendez D, Warner KE. Trends in nicotine product use among US adolescents,
1999-2020. JAMA Netw Open 2021;4:e2118788.

Centers for Disease Control and Prevention. Quick facts on the risks of E-cigarettes
for kids, teens, and young adults. n.d. Available: https://www.cdc.gov/tobacco/basic_
information/e-cigarettes/Quick-Facts-on-the-Risks-of-E-cigarettes-for-Kids-Teens-and-
Young-Adults.html

World Health Organization. E-cigarettes are harmful to health 2020. 2020. Available:
https://www.who.int/news/item/05-02-2020-e-cigarettes-are-harmful-to-health

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Hiemstra M, Rozema A, Jansen M, et al. Longitudinal associations of substance use
risk profiles with the use of alternative tobacco products and conventional smoking
among adolescents. Int J Environ Res Public Health 2021;18:13248.

Green VR, Conway KP, Silveira ML, et al. Mental health problems and onset of tobacco
use among 12- to 24-year-olds in the PATH study. J Am Acad Child Adolesc Psychiatry
2018;57:4:944-54...

Sakuma K-L, Pierce JP, Fagan P, et al. Racial/ethnic disparities across indicators of
cigarette smoking in the era of increased tobacco control, 1992-2019. Nicotine Tob
Res 2021;23:909-19.

Usidame B, Hirschtick JL, Mattingly DT, et al. Sociodemographic patterns of exclusive
and dual combustible tobacco and E-cigarette use among US adolescents-a nationally
representative study (2017-2020). Int J Environ Res Public Health 2022;19:2965.
Popova L, Owusu D, Weaver SR, et al. Affect, risk perception, and the use of cigarettes
and E-cigarettes: a population study of US adults. BMC Public Health 2018;18:395.
Meza R, Jimenez-Mendoza E, Levy DT. Trends in tobacco use among adolescents by
grade, sex, and race, 1991-2019. JAMA Netw Open 2020;3:e2027465.

Sokol NA, Feldman JM. High school seniors who used E-cigarettes may have
otherwise been cigarette smokers: evidence from monitoring the future (United
States, 2009-2018). Nicotine Tob Res 2021;23:1958-61.

Abouk R, Courtemanche C, Dave D, et a/. Intended and unintended effects of E-
cigarette taxes on youth tobacco use. J Health Econ 2023;87.

International Agency for Research on Cancer. IARC handbooks of cancer prevention,
tobacco control. In: Effectiveness of Tax and Price Policies for Tobacco Control 14.
Lyon, France, 2011.

National Cancer Institute. The tobacco use supplement to the current population
survey. n.d. Available: https://cancercontrol.cancer.gov/brp/tcrb/tus-cps

US Census Bureau. Available: https://www2.census.gov/programs-surveys/popest/
tables/2020-2022/state/totals/NST-EST2022-POP.xlsx

Centers for Disease Control and Prevention. National health interview procedures and
methodology. n.d. Available: https://www.cdc.gov/nchs/nhis/index.htm

Miech R, Leventhal A, Johnston L, et al. Trends in use and perceptions of nicotine
Vaping among US youth from 2017 to 2020. JAMA Pediatr 2021;175:185-90.
Centers for disease control and prevention. In: Variance Estimation and Other Analytic
Issues in the 1997-2005 NHIS (Adapted from Appendices Il and VIl of the 2005 NHIS
Survey Description Document, and Appendix Ill of the 2006 NHIS Survey Description
Document). 2009. Available: https://www.cdc.gov/nchs/data/nhis/9705var.pdf
National Cancer Institute. Fay's variance estimation method for combining multiple
TUS-CPS data 2020. 2020 Available: https://surveillance.cancer.gov/reports/tech2020.
01.pdf

Team R core R: a language and environment for statistical computing. Vienna, Austria:
Foundation for Statistical Computing, 2021.

Oehlert GW. A note on the Delta method. Am Stat 1992;46:27-9.

Gilpin EA, Lee L, Pierce JP. How have smoking risk factors changed with recent
declines in California adolescent smoking Addiction 2005;100:117-25.

Collins L, Glasser AM, Abudayyeh H, et al. E-cigarette marketing and communication:
how E-cigarette companies market E-cigarettes and the public engages with E-
cigarette information. Nicotine Tob Res 2019;21:14-24.

Pierce JP, Sargent JD, White MM, et a/. Receptivity to tobacco advertising and
susceptibility to tobacco products. Pediatrics 2017;139:e20163353.

Pierce JP, Sargent JD, Portnoy DB, et al. Association between receptivity to tobacco
advertising and progression to tobacco use in youth and young adults in the PATH
study. JAMA Pediiatr 2018;172:444-51.

Huang J, Duan Z, Kwok J, et al. Vaping versus Juuling: how the extraordinary growth
and marketing of JUUL transformed the US retail E-cigarette market. Tob Control
2019;28:146-51.

Kaplan S. Juul SUSPENDS online sales of flavored E-cigarettes. New York Times; 2019.
Available: https://www.nytimes.com/2019/10/17/health/vaping-juul-e-cigarettes.html
Park-Lee E, Ren C, Sawdey MD, et al. Notes from the field: E-cigarette use among
middle and high school students - national youth tobacco survey, United States, 2021.
MMWR Morb Mortal Wkly Rep 2021;70:1387-9.

Bach L. States & localities that have restricted the sale of flavored tobacco products.
Campaign for Tobacco-Free Kids; 2023. Available: https://www.tobaccofreekids.org/
assets/factsheets/0398.pdf

Wakefield M, Chaloupka F. Effectiveness of comprehensive tobacco control
programmes in reducing teenage smoking in the USA. Tob Control 2000;9:177-86.
Echeverria SE, Gundersen DA, Manderski MTB, et al. Social norms and its correlates
as a pathway to smoking among young Latino adults. Soc Sci Med 2015;124:187-95.

Pierce JP, et al. Tob Control 2023;0:1-8. doi:10.1136/tc-2022-057907

"bBLAdos Aq palosiold 1sanb Ag £20Z ‘0T J8QWSAON UO /W02 [’ |[01u02099.q0)//:dNY WOl PapeojUMO( "£20Z JOGUIBAON 8 UO /06/.50-2202-9Y9STT 0T Se paysignd 11y :jonuod qoL


https://www.ncbi.nlm.nih.gov/books/NBK538680/
http://dx.doi.org/10.1001/jama.2015.8950
http://dx.doi.org/10.1542/peds.2020-025122
http://dx.doi.org/10.1001/jamapediatrics.2017.1488
http://dx.doi.org/10.1136/tobaccocontrol-2018-054796
http://dx.doi.org/10.1007/s40429-019-00244-4
http://dx.doi.org/10.15585/mmwr.ss7105a1
https://monitoringthefuture.org/wp-content/uploads/2022/08/mtf-overview2020.pdf
https://monitoringthefuture.org/wp-content/uploads/2022/08/mtf-overview2020.pdf
http://dx.doi.org/10.1542/peds.2022-059158
http://dx.doi.org/10.1542/peds.2021-055379
http://dx.doi.org/10.1016/j.ypmed.2021.106419
http://dx.doi.org/10.1371/journal.pone.0250908
http://dx.doi.org/10.1177/1179173X20903784
http://dx.doi.org/10.1136/bmj.38142.554479.AE
http://dx.doi.org/10.1001/jamanetworkopen.2022.31480
http://dx.doi.org/10.1001/jamanetworkopen.2022.31480
http://dx.doi.org/10.1056/NEJMc1302783
http://dx.doi.org/10.1001/jamanetworkopen.2022.31487
http://dx.doi.org/10.1001/jamanetworkopen.2022.31487
http://dx.doi.org/10.1158/1055-9965.EPI-16-0675
http://dx.doi.org/10.1016/j.chest.2019.12.042
http://dx.doi.org/10.1371/journal.pone.0280674
http://dx.doi.org/10.7554/eLife.67621
http://dx.doi.org/10.1001/jama.2021.1117
http://dx.doi.org/10.1016/S0140-6736(15)00042-2
http://dx.doi.org/10.1001/jamanetworkopen.2021.18788
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/Quick-Facts-on-the-Risks-of-E-cigarettes-for-Kids-Teens-and-Young-Adults.html
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/Quick-Facts-on-the-Risks-of-E-cigarettes-for-Kids-Teens-and-Young-Adults.html
https://www.cdc.gov/tobacco/basic_information/e-cigarettes/Quick-Facts-on-the-Risks-of-E-cigarettes-for-Kids-Teens-and-Young-Adults.html
https://www.who.int/news/item/05-02-2020-e-cigarettes-are-harmful-to-health
http://dx.doi.org/10.3390/ijerph182413248
http://dx.doi.org/10.1016/j.jaac.2018.06.029
http://dx.doi.org/10.1093/ntr/ntaa231
http://dx.doi.org/10.1093/ntr/ntaa231
http://dx.doi.org/10.3390/ijerph19052965
http://dx.doi.org/10.1186/s12889-018-5306-z
http://dx.doi.org/10.1001/jamanetworkopen.2020.27465
http://dx.doi.org/10.1093/ntr/ntab102
http://dx.doi.org/10.1016/j.jhealeco.2022.102720
https://cancercontrol.cancer.gov/brp/tcrb/tus-cps
https://www2.census.gov/programs-surveys/popest/tables/2020-2022/state/totals/NST-EST2022-POP.xlsx
https://www2.census.gov/programs-surveys/popest/tables/2020-2022/state/totals/NST-EST2022-POP.xlsx
https://www.cdc.gov/nchs/nhis/index.htm
http://dx.doi.org/10.1001/jamapediatrics.2020.5667
https://www.cdc.gov/nchs/data/nhis/9705var.pdf
https://surveillance.cancer.gov/reports/tech2020.01.pdf
https://surveillance.cancer.gov/reports/tech2020.01.pdf
http://dx.doi.org/10.1111/j.1360-0443.2005.00938.x
http://dx.doi.org/10.1093/ntr/ntx284
http://dx.doi.org/10.1542/peds.2016-3353
http://dx.doi.org/10.1001/jamapediatrics.2017.5756
http://dx.doi.org/10.1136/tobaccocontrol-2018-054382
https://www.nytimes.com/2019/10/17/health/vaping-juul-e-cigarettes.html
http://dx.doi.org/10.15585/mmwr.mm7039a4
https://www.tobaccofreekids.org/assets/factsheets/0398.pdf
https://www.tobaccofreekids.org/assets/factsheets/0398.pdf
http://dx.doi.org/10.1136/tc.9.2.177
http://dx.doi.org/10.1016/j.socscimed.2014.11.034
http://tobaccocontrol.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

Supplement to Pierce et al. A major 1998-2020 decline in US cigarette smoking initiation could be
replaced by a cohort effect from adolescent dependent e-cigarette vaping.

Table of Contents
Supplement 1: Methodological details of national surveys used in this paper
eTable 1: Spline Regression Models of Trends in Prevalence of Various Cigarette-E-cigarette Measures

eTable 2: Ever e-cigarette Vaping by 18 to 24-year-olds in the 24 US most populous states: TUS-CPS
2014/15 & 2018/19, ranked by difference in ever vaping between survey years

eTable 3: Current prevalence of cigarettes and exclusive vaping in 2014/15 and 2018/19 in TUS-CPS

eTable 4: Decline in cigarette smoking prevalence among 18- to 24-year-olds between 2014/15 and
2018/19 in the 24 most populous US States: TUS-CPS

Pierce JP, et al. Tob Control 2023;0:1-8. doi: 10.1136/tc-2022-057907



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Tob Control

1. Surveillance Systems used in this Study
The following three US representative Surveillance systems on tobacco use are used in this study.
Tobacco Control Supplement to the Current Population Survey (TUS-CPS

The Current Population Survey is sponsored jointly by the US Census Bureau and the US Bureau of Labor
Statistics and is the primary source of labor force statistics in the US since the 1930s. From 1942 to 1948 it was
known as the Monthly Report on the Labor Force, after which the name was changed to the CPS. Detailed
information on the methodology used in this survey are available at https://www?2.census.gov/programs-
surveys/cps/methodology/CPS-Tech-Paper-77.pdf. The following are the surveys design requirements: a) it is a
probability survey, b)primary design is to produce national and state estimates of labor force characteristics of
the civilian noninstitutionalized population aged 16+, ¢) independent samples are drawn for each state and the
District of Columbia, with both California and New York divided into two areas one including the major
population city and the other the rest of the state. Sample sizes are determined by reliability requirements
(using coefficient of variation) with a goal that a difference of 0.2 percentage points in unemployment rate
between 2 consecutive months be statistically significant at the 0.10 level.

Since 1953, each housing unit is rotated within the sample in a 4-8-4 pattern. It is interviewed for 4 consecutive
months, then not-interviewed for the next 8 months and then interviewed again for the same 4 months in the
following year. Each month a new rotation comes into the sample for the first time and another returns to the
sample after an 8 month rest. Approximately 54,000 households are interviewed each month and within each
household the CPS seeks information about every eligible person in the household. An eligible household unit
that does not yield any interviews in called a type A non-response — between December 2014 and December
2017, this ranged from 11.7% to 15.1%

In addition to being the primary source of monthly labor force statistics, the CPS is used to collect data for a
variety of other studies that keep the nation informed of the economic and social well-being of its people. This
is done by adding a set of supplemental questions to one or more months of the CPS. The first Tobacco Use
Supplement, which was the first US national smoking survey, was undertaken by the National Cancer Institute
in 1955.(see Surgeon General’s report 2001 below) Starting in 1992, the National Cancer Institute coordinated a
series of Tobacco Use Supplements to add to the CPS and added additional money to maximize the self-
reported tobacco use behavior (to ~80% which is much higher than the usual 50% on CPS).(28) Each NCI
coordinated TUS consists of three independent monthly samples spaced 4 months apart to account for the study
design and ensure a maximum representative cross-sectional sample. and so the 3 survey months typically spans
2 calendar years. The current study analyzed the harmonized datafile that included surveys conducted in
1992/1993, 1995/1996, 1998/1999, 2001/2002, 2003, 2006/2007, 2010/2011, 2014/2015, and 2018/2019.
Response rates ranged from a low of 62% in 2006/2007 to 75% in 2018/2019.

National Health Interview Survey (NHIS)

The NHIS interviews ~35,000 households containing ~87,000 US noninstitutionalized civilians each year using
field staff employed and trained by the US Census Bureau. The survey has been conducted annually since 1957
and is redesigned statistically to be representative of the US population every 10 years. Detailed methods for
each statistical design are available at https://www.cdc.gov/nchs/nhis/methods.htm. The NHIS design has an
annual core questionnaire (smoking was added to the core in 1997 and it was not asked in 1994-6) and a
rotating core (included in the NHIS with a fixed periodicity). NHIS data are used widely throughout the
Department of Health and Human Services (HHS) to monitor national trends in illness and disability and to
track progress toward achieving national health objectives (e.g., Pierce et al. Trends in cigarette smoking in the
United States: Projections to the year 2000. JAMA, 261:61-65, 1989). Prior to 1974, smoking data could be
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reported by another adult member of the household. Since 1974, only self-reported data are collected. The total
household response rate is usually around 70%.

Monitoring the Future High School Seniors Survey (MTF-HSS)

Monitoring the Future, conducted out of the University of Michigan under a series of grants from the National
Institute on Drug Abuse, started annual surveys of US high school students on drug use and lifestyles in 1975.
It has become one of the nation's most relied upon sources of information on emerging trends in illicit drug,
alcohol, and tobacco use among American adolescents. Each year, a multi-staged sampling procedure is used to
obtain a nationally representative sample of high schools (from the 48 contiguous US states) are invited to
participate in surveys of 8, 10" and 12™ grade (high school seniors) students. A detailed description of the
multistage sampling design is available (see Bachman ref below) Personnel from the University of Michigan
administered MTF surveys in classrooms, and students self-completed questionnaires during a normal class
period. Typically, ~16,000 students from ~420 public and private high schools each year for each grade are
surveyed in the Spring quarter. Student response rates average about 84% for 12™ graders, with absence on the
day of data collection the primary reason for non-completion.

In 2020, MTF collected 4627 surveys from 12th-grade students in 74 schools before MTF stopped data
collection prematurely on March 14, 2020, due to coronavirus disease 2019 (COVID-19) concerns. (see Miech
ref below) This was 30% the size of a typical annual MTF data collection. At the time of the 2020 halt, MTF
had collected data from a wide geographic range and had surveyed schools in each of the 9 US Census
geographic divisions (with weighting each division has influence on the analysis per its size nationally). The
2020 response rates within schools were 81% for 12th-grade students. The 2020 sample matches closely the
2019 sample in terms of demographics and key levels of substance use. Sensitivity analyses that restricted MTF
data in all years to surveys collected on or before March 14 document prevalence levels markedly similar to
results calculated with the full samples.
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eTable 1: Spline Regression Models of Trends in Prevalence of Various Cigarette-E-cigarette Measures
17-18 years old 17-18 years old 18-24 years old 17-18 years old 17-19 years old

Model Variable Ever Smoking 30 day smoking Current Smoking ever Vaping 30-day vaping

Est SE  P-value | Est SE  P-value | Est SE P-value [ Est SE P-value | Est SE  P-value
Model R-sq 0.99 0.99 0.97 0.88 0.47
Intercept 60.50 1.14 <0.0001 | 25.30 0.79 <0.0001 | 22.90 0.99 <0.0001 | -138 28.8 0.017 | -96.8 46.2 0.13
1991-1997 Slope 0.77 0.23 0.003( 1.64 0.17 <0.0001 | 0.87 0.21 <0.0001
1997 Slope Change -2.40 0.43 <0.0001 | -3.63 0.31 <0.0001 | -1.37 0.41 0.003
2002 Slope Change -0.63 0.41 0.14| 0.96 0.29 0.002 | -0.26 0.37 0.50
2008 Slope Change 0.84 0.40 0.06 | -0.01 0.28 0.96 | 0.21 0.35 0.55
2013 Slope Change -1.19 0.34 0.02 | -0.35 0.32 0.28 | -0.51 0.31 0.12
Addition of E-cigarettes 0.06 0.06 0.33 | 0.004 0.06 0.95 6.10 101 0.009| 4.10 1.62 0.08
2020 Slope Change -9.75 2.25 0.023 | -7.68 3.61 0.12
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eTable 2: Ever e-cigarette Vaping by 18 to 24-year-olds in the 24 US most populous states:

2014/15 & 2018/19, ranked by difference in ever vaping between survey years

2014/5 2018/9 Diff in
State % 95% C.I. 95% C.I. %

Ever % Ever Ever

Colorado 15.8 104 21.2 27.8 17.8 378 12.0
Minnesota 184 105 26.3 259 146 372 75
Ohio 17.2 11.8 227 22.0 140 299! a7
lllinois 1.9 84 153 16.5 109 221| 46
Wisconsin 174 11.8 23.0 22.0 141 299! 4.6
Maryland 121 6.8 174 161 80 243 4.0
New Jersey 8.2 35 129 118 54 182| 3.5
California 1.3 89 136 13.8 108 16.8| 2.5
Alabama 18.8 119 257 204 137 271 1.6
Arizona 18.6 13.3 24.0 201 136 26.6 1.4
Texas 131 10.2 16.0 14.4 104 184 13
Tennessee 13.7 86 189 148 92 204]| 1.0
Florida 71 46 96 76 42 109 0.5
Virginia 145 88 20.2 141 86 196| -0.4
Washington 17.5 125 226 16.7 109 224| -0.9
Missouri 164 9.2 23.6 149 77 220]| -1.5
Massachusetts 141 71 21.0 121 64 179]| -1.9
New York 145 99 192 122 g7 158 -2.3
Pennsylvania 16.9 119 22.0 146 38 204]| -23
South Carolina 1.5 6.7 16.2 86 27 145 -29
Georgia 14.0 86 194 10.2 55 149]| -3.8
North Carolina 18.3 122 244 13.5 87 183| -4.8
Michigan 22.0 17.0 27.0 150 90 211 -7.0
Indiana 20.8 119 296 13.7 83 191| -70
Overall US States | 14.5 13.7 15.3 153 143 163| +0.8

Source: Tobacco Use Supplement to the Current Population Survey

Grey shaded cells are the 11 states in which experimentation with e-cigarettes decreased between 2014/15 and

2018/19

Pierce JP, et al. Tob Control 2023;0:1-8. doi: 10.1136/tc-2022-057907



BMJ Publishilng Group Limited (BMJl) disclaims all liabjlity and responsibilit¥ arising from any reliance

Supplemental material placed on'this supplemental material which has been supplied by the author(s) Tob Control

eTable 3: Current prevalence of cigarettes and exclusive vaping® in 2014/15 and 2018/19 in TUS-CPS

Current use in 2014/5 Current use in 2018/9 Percentage Point Change
State cigarette Excll{sive i:;hg: o cigarette Exclu.sive g:;hz: o CIgso?s * . Exclu'sive Cigs or Rep}l?aai?or?ent
(%) va!;mg ecig 95% ClI % vat;lng ecig 95% CI combined Cigarette va|03/|ng E-cigs
° % ° % prevalence ’

Group A

Indiana 224 3.1 255 | 212 | 304 1.3 3.0 143 | 103 | 196 79% -11.2 -0.1 -11.2 0.0
Michigan 17.7 2.3 19.9 16.5 | 23.8 6.4 3.0 9.4 6.3 | 13.8 68% -11.3 0.8 -10.5 0.1
Missouri 17.1 0.0 171 129 | 225 4.3 4.7 9.1 56 | 143 48% -12.8 4.7 -8.1 0.4
Washington 15.9 0.4 16.3 13.1 | 20.1 45 3.7 8.2 6.2 | 10.7 55% -11.5 3.3 -8.1 0.3
Massachusetts 14.7 15 16.2 124 1 20.9 3.8 24 6.2 41 | 94 61% -10.9 1.0 -9.9 0.1
Colorado 14.6 5.1 19.6 15.3 | 24.9 7.2 13.7 209 [ 16.0 | 26.9 34% -1.4 8.7 1.3 1.2
South Carolina 13.9 0.5 14.3 10.7 | 18.9 45 3.1 7.6 51| 111 59% 9.4 2.7 -6.8 0.3
Pennsylvania 13.2 3.3 16.5 136 | 19.8 6.9 0.9 7.8 52 | 114 89% 6.3 2.4 -8.7 -0.4
State Average 16.2 2.0 18.2 6.1 4.3 10.4 59% -10.1 2.3 -7.7 0.2
Group B

Alabama 214 0.7 22.2 176 | 274 12.2 71 19.3 147 | 24.8 63% -9.2 6.4 -2.9 0.7
North Carolina 17.5 1.7 19.2 154 | 23.7 13.0 4.8 17.8 14.2 | 221 73% 4.4 3.0 -14 0.7
Ohio 16.0 1.6 17.6 146 | 21.0 10.8 3.1 13.9 10.5 | 18.2 78% -5.2 1.6 -3.7 0.3
Tennessee 15.4 1.7 17.0 132 | 21.6 9.6 1.3 10.9 78 | 149 88% 5.8 -0.4 -6.1 -0.1
Minnesota 15.3 2.8 18.1 13.8 | 234 6.7 28 9.5 59 | 148 1% -8.6 0.0 -8.7 0.0
Georgia 14.7 1.1 15.8 125 | 19.7 6.0 3.4 9.4 6.5 | 134 64% 8.7 24 -6.4 0.3
Wisconsin 14.4 11 15.5 12.5 | 19.1 8.7 7.2 15.9 | 123 | 204 55% 5.7 6.2 0.4 11
Virginia 13.9 1.2 15.2 11.9 | 19.1 3.8 2.8 6.6 39 | 111 57% -10.1 1.6 -8.5 0.2
State Average 16.1 1.5 17.6 8.8 4.1 12.9 69% -7.2 2.6 -4.7 0.4
Group C

Texas 11.1 1.8 12.9 112 | 14.8 4.3 4.1 8.4 7.0 | 10.1 51% 6.9 24 -4.5 0.3
New Jersey 9.8 0.0 9.8 70 | 136 23 2.1 4.4 26 | 75 52% -1.6 2.1 -5.4 0.3
Maryland 9.5 4.2 13.8 10.1 | 18.6 1.4 3.7 15.1 9.8 | 224 76% 1.9 -0.6 1.3 0.3
New York 9.0 0.4 9.3 73 | 117 6.5 29 9.5 75 | 119 69% 2.4 26 0.2 11
Illinois 8.8 1.3 10.1 78 | 13.0 10.4 28 132 | 106 | 16.3 79% 1.6 1.5 3.1 -1.0
Arizona 8.7 14 10.0 76 | 13.0 6.4 7.5 139 | 104 | 184 46% 2.3 6.2 3.9 2.7
Florida 8.6 14 9.9 79 | 124 5.5 1.6 71 53 | 96 7% -3.1 0.3 -2.8 0.1
California 74 1.6 9.0 7.7 | 104 6.3 3.6 9.9 82 | 11.8 63% -1.2 2.1 0.9 1.8
State Average 9.1 1.5 10.6 6.6 3.6 10.2 65% -2.5 2.1 -0.4 0.7

*Exclusive vaping is defined as e-cigarette vaping without cigarette smoking.
Highlighted states met criteria for high replacement ratio and increase in cigarettes with cigarette prevalence.
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eTable 4: Decline in cigarette smoking prevalence among 18- to 24-year-olds between 2014/15 and 2018/19 in
the 24 most populous US States

Percentage | Confidence
Pop* Point Limit
i: State 202 415 95% CI 20: 819 95% CI Changein | Difference
2021 M’) M’) Estimate (UCI 2018/9 -
(2014/5-2018/9) | LCI12014/5)
5.0 | Alabama 214 | 165|263 122| 67| 176 -9.2 1.1
7.2 | Arizona 87| 38| 135 64| 38| 89 2.3 5.1
39.6 | California 74| 021146 6.2 02| 127 -1.2 12.4
5.8 | Colorado 146 | 119 17.3 72| 55| 89 -7.4 -3.0
21.5 | Florida 86| 66| 105 35| 34| 76 3.1 1.0
10.7 | Georgia 14.7| 85| 208 6.0 -05| 125 -8.7 3.9
12.8 | lllinois 88| 38|138| 103| 73| 134 1.6 9.6
6.8 | Indiana 2241180 269| 11.3| 65| 16.0 -11.2 2.0
6.2 | Maryland 95| 54137 MM4| 71| 158 1.9 10.4
7.0 | Massachusetts |  14.7 | 116 | 177 38| 07| 70 -10.9 -4.7
10.1 | Michigan 17.7] 116 | 23.7 64| 34| 93 -11.3 2.3
5.7 | Minnesota 15.3 | 10.2 | 205 67| 27| 108 -8.6 0.6
6.2 | Missouri 1711 113 ] 23.0 43| 07| 80 -12.8 -3.3
9.3 | New Jersey 9.8 | 46| 15.1 23| 18| 64 -7.6 1.8
20.2 | New York 89| 241155 65| 15| 116 2.4 9.2
10.4 | North Carolina 17.5|125| 225| 13.0| 49| 21.2 -4.4 8.7
11.8 | Ohio 16.0 | 124 196| 108 | 71| 144 5.2 2.0
13.0 | Pennsylvania 13.2 1 10.0 | 16.3 69| 42| 96 -6.3 0.4
5.1 | South Carolina | 139 | 85/ 192 44| 18| 71 -9.4 1.4
6.9 | Tennessee 154 | 94| 213 9.6 | 45| 147 -5.8 54
29.2 | Texas 1M1| 781|145 43| 03| 83 -6.9 0.5
8.6 | Virginia 139 | 70/ 209 38| 12| 88 -10.1 1.8
7.7 | Washington 15.9 | 89| 229 45| 05| 84 -11.5 -0.5
5.9 | Wisconsin 144 85| 203 87| 36| 13.8 -5.7 52
Overall US 129 | 122 137 74| 67| 81 -5.6 -4.1

Pop — US Bureau of Census estimate of population of state in July 2021 in millions
UCI = upper confidence interval, LCl= lower confidence interval
Source: Tobacco Use Supplement to the Current Population Survey

Pierce JP, et al. Tob Control 2023;0:1-8. doi: 10.1136/tc-2022-057907



	Declines in cigarette smoking among US adolescents and young adults: indications of independence from e-­cigarette vaping surge
	Abstract
	Introduction﻿﻿
	Methods
	Data sources
	Analysis

	Results
	Trends in young adult cigarette smoking prevalence, 1991–2020 and ever vaping between 2014–15 and 2018–19
	Trends in US population aged 17–18 years regarding prevalence of ever use and past 30-day use, for cigarette smoking and for nicotine vaping, 1991–2020
	Sociodemographic patterns of cigarette smoking among US population aged 18–24 years in 2001–02 and 2018–19
	Sociodemographic patterns of exclusive vaping among US population aged 18–24 years in 2014–15 and 2018–19
	State-specific prevalence of cigarette and e-cigarette use among those aged 18–24 years

	Discussion
	Strengths and limitations

	Conclusions
	References




