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ABSTRACT

Objective This study reports weighted cross-sectional
prevalence of never use of tobacco, and longitudinal
past 12-month (P12M), past 30-day (P30D) and frequent
P30D any tobacco or specific tobacco product initiation
across three 1-year waves. Longitudinal three-wave
pathways are examined to outline pathways of exclusive
and polytobacco initiation, as well as pathways of new
initiators of electronic nicotine delivery systems (ENDS)
or cigarettes.

Design Data were drawn from the first three waves
(2013-2016) of the Population Assessment of

Tobacco and Health Study, a nationally representative,
longitudinal cohort study of US youth and adults.
Respondents with data at all three waves (youth, N = 11
046; young adults, N = 6478; adults 25+, N = 17 188)
were included in longitudinal analyses.

Results Across the three age groups, weighted
cross-sectional analyses revealed never any tobacco

use decreased each year from 2013 to 2016, reflecting
overall increases in tobacco initiation in the population
during this time. Compared with cigarettes, cigars,
hookah and smokeless tobacco, ENDS had the highest
proportion of P12M initiation from Wave 1 to Wave 3
(W3) for each age group. Among youth Wave 2 P30D
initiators of exclusive ENDS or cigarettes, the most
common W3 outcome was not using any tobacco (ENDS:
59.0% (95% Cl 48.4 to 68.8); cigarettes: 40.3% (95%
Cl28.7 to 53.1)).

Conclusions Initiation rates of ENDS among youth and
young adults have increased the number of ever tobacco
users in the US prevention strategies across the spectrum
of tobacco products which can address youth initiation of
tobacco products.

INTRODUCTION

National estimates of tobacco use in the US have
demonstrated a decline in ever cigarette use in the
past two decades; lifetime cigarette use among 12th
graders was down to 23.8% in 2018, compared
with 63.1% in 1991, according to Monitoring
the Future data.' Lifetime smokeless tobacco use
among 12th graders was down to 10.1% in 2018,
compared with 32.4% in 1992, demonstrating
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a similar pattern.' Ever use of electronic nicotine
delivery systems (ENDS), which in this report
refers largely to e-cigarettes, has increased in recent
years among youth (12-17 years).”® The 2019
National Youth Tobacco Survey results indicate
that 27.5% of US high school students are current
users of e-cigarettes and 5.8% are current cigarette
smokers.® Among adults, data from the Population
Assessment of Tobacco and Health (PATH) Study
indicate that 11% of young adults (18-24 years)
initiated current tobacco use over a 1-year period
from Wave 1 (W1) in 2013/2014 to Wave 2 (W2)
in 2014/2015, compared with only 4% initiation of
current tobacco use between W1 and W2 among
adults 25+ (ages 25 and older).”

Initiation of tobacco use can be defined broadly
as new ever use,'"" or in reference to a specific
time period such as past 12-month use (P12M),"
past 30-day use (P30D)!* "3 or frequent use (eg,
20 or more days) in the past 30 days.” '® These
increasingly narrow definitions for new use can
help distinguish when new use may be a function of
experimentation (ie, P12M use) or more regular use
(ie, frequent use in the past 30 days). Reports of any
tobacco initiation have traditionally been driven by
cigarette use*; however, recent increases in use of
non-cigarette tobacco products calls for monitoring
initiation of other tobacco products among existing
tobacco users (eg, cigarette smokers who initiate
ENDS)."” 18

It has been shown that most people who ever
smoked daily try their first cigarette during youth
or young adulthood, with very few (<1.5%) initi-
ating cigarette use after age 26.* Cross-sectional
2016 data from National Survey on Drug Use and
Health (NSDUH) report retrospective P12M initi-
ation rates of cigarettes, smokeless tobacco and
cigars for youth at 3.2%, 1.5% and 2.4%, respec-
tively, and for adults ages 18 and older at 1.1%,
0.4% and 1.1%, respectively.'* Moreover, P30D
daily cigarette smoking in the P12M is higher
among youth compared with adults, as shown by
cross-sectional NSDUH rates that were tracked
from 2006 to 2013."¢

It is important to understand patterns of any
tobacco initiation among never tobacco users and

s178

Stanton CA, et al. Tob Control 2020;29:5178-5190. doi:10.1136/tobaccocontrol-2019-055573

BM)

"yBuAdoo Aq paloalold 1sanb Aq Zz0z ‘TT YoIew uo /wod g |o1uo099eqoy//:dny woly papeojumod 0z0z [Udy ZzZ Uo £/5650-6T0Z-|041U02002eqoy9STT 0T S paysignd 1si1 :j0auo) qoL


http://tobaccocontrol.bmj.com/
http://orcid.org/0000-0001-5329-6261
http://orcid.org/0000-0002-1328-508X
http://orcid.org/0000-0002-4492-098X
http://orcid.org/0000-0002-0645-1705
http://orcid.org/0000-0002-8703-3811
http://orcid.org/0000-0001-6668-7923
http://orcid.org/0000-0002-7944-3570
http://orcid.org/0000-0003-3340-2818
http://orcid.org/000-0001-8278-0095
http://crossmark.crossref.org/dialog/?doi=10.1136/tobaccocontrol-2019-055573&domain=pdf&date_stamp=2020-04-16
http://tobaccocontrol.bmj.com/

Original research

new product initiation among existing tobacco users because a
robust literature suggests that early cigarette smoking initiation,
independent of sociodemographics, increases the risk of experi-
encing smoking-related morbidities and all-cause mortality later
in life."” An analysis of W1 and W2 PATH Study data found
that among youth participants, any use of ENDS, hookah, non-
cigarette combustible tobacco or smokeless tobacco was associated
with cigarette initiation over the next year, and that polytobacco
use increased the odds of cigarette initiation.'” Several studies
examining initiation of ENDS use have reported that ENDS initi-
ation among never cigarette smokers may influence the initiation
of cigarette smoking among youth.” ?° 2! The many ways in which
ever and current tobacco product use can shape future tobacco
product initiation and progression are important to track in longi-
tudinal studies that can monitor how these patterns impact addic-
tion liability and potential negative health outcomes.

The current study draws from the nationally representative,
longitudinal data of the PATH Study to follow participants’
tobacco use over three waves of data collection (2013/14,
2014/15 and 2015/16). The availability of these longitudinal
data allows a detailed examination over time of W1 (2013/14)
never any tobacco or never specific-tobacco-product users to
follow initial uptake and transitions across 2 years at Wave 2
(W2; 2014/15) and W3 (2015/16). Our first aim is to report
weighted cross-sectional prevalence of never tobacco use (for
any tobacco and individual tobacco products: cigarettes, ENDS,
cigars, hookah and smokeless tobacco) among youth, young
adults and adults 25+. The second aim is to report weighted
P12M, P30D and frequent (20 or more days) P30D initiation
rates among never users for each age group across 2 years (W1-
W3) and compare initiation rates of the products in each of the
1 year intervals (W1-W2, W2-W3). The third aim is to test age
group differences in weighted longitudinal W1-W2-W3 P30D
exclusive and polytobacco use initiation pathways among W1
never tobacco users. Given that recent studies have linked ENDS
use and subsequent new cigarette smoking among youth,” 1020-24
the fourth aim is to descriptively explore the subgroups of W2
ENDS initiation and cigarette initiation to better understand
pathways among initiators of these products such as continued
use, discontinued use and switching at W3.

METHODS

Study design and population

The PATH Study is an ongoing, nationally representative, longi-
tudinal cohort study of youth (ages 12-17) and adults (ages 18
or older) in the US. Self-reported data were collected using
audio computer-assisted self-interviews administered in English
and Spanish. The PATH Study recruitment employed a strati-
fied address-based, area-probability sampling design at W1 that
oversampled adult tobacco users, young adults (ages 18-24) and
African American adults. An in-person screener was used at W1
to randomly select youth and adults from households for partic-
ipation in the study. At W1, the weighted response rate for the
household screener was 54.0%. Among screened households, the
overall weighted response rate was 78.4% for youth and 74.0%
for adults at W1, 87.3% for youth and 83.2% for adults at W2,
and 83.3% for youth and 78.4% for adults at W3. Further details
regarding the PATH Study design and W1 methods are published
elsewhere.” *® Details on interview procedures, questionnaires,
sampling and weighting and information on accessing the data
are available at https://doi.org/10.3886/Series606. The study
was conducted by Westat and approved by the Westat Institu-
tional Review Board. All participants ages 18 and older provided

informed consent, with youth participants ages 12-17 providing
assent while their parent/legal guardian provided consent.

Online supplementary figure 1 shows the full W1 sample
respondents who have data at Waves 1, 2 and 3. The current
analysis reports cross-sectional estimates from 13 651 youth
and 32 320 adults who participated in W1 data collection
(12 September 2013 through 14 December 2014); or 12 172
youth and 28 362 adults at W2 (23 October 2014 through 30
October 2015); or 11 814 youth and 28 148 adults at W3 (19
October 2015 to 23 October 2016). The differences in number
of completed interviews between W1, W2 and W3 reflect attri-
tion due to non-response, mortality and other factors, as well
as youth who enrol in the study at W2 or W3.> We report on
initiation estimates in all age groups: longitudinal W1-W2 data
include participants in W1 who were also in W2 (youth, n=11
996; young adults, n=7324; adults 25+, n=19 116); W2-W3
data include participants in W2 who were also interviewed at
W3 (youth, n=11 279; young adults, n=7252; adults 25+,
n=18 129). We also report longitudinal estimates for partic-
ipants with data at all three waves (youth, n=11 046; young
adults, n=6478; adults 25+, n=17 188). Youth included those
who were youth at all three waves (n=7595) and those who
were youth at W1 and aged up to the young adult group at W2
(n=1714) or W3 (n=1737). The young adults included those
who were young adults at all three waves (n=4590) or aged up
to the adults 25 +group in W2 (n=949) or W3 (n=939).

Measures

Tobacco use

At each wave, adults and youth were asked about their tobacco
use behaviours for cigarettes, ENDS (which includes e-ciga-
rettes), traditional cigars, cigarillos, filtered cigars, pipe tobacco,
hookah, snus pouches, other smokeless tobacco (loose snus,
moist snuff, dip, spit or chewing tobacco) and dissolvable
tobacco. Respondents were asked about ‘e-cigarettes’ at W1 and
‘e-products’ (ie, e-cigarettes, e-cigars, e-pipes and e-hookah) at
W2 and W3; for the purposes of this paper, all electronic prod-
ucts noted above are referred to as ENDS. In addition, youth
were asked about their use of bidis and kreteks. However, use
of bidis, kreteks and dissolvable tobacco was not included in the
analyses due to small sample sizes.

Outcome measures

Never use: never use of any tobacco and each individual product
(cigarettes, ENDS, hookah, cigar, and smokeless tobacco) is
defined as not having ever used the product/any tobacco even
once or twice.

Initiation of use: P12M initiation is defined as never use at W1
and any tobacco/tobacco product use at follow-up for a specific
tobacco product independent of other tobacco product use.
P30D initiation is defined as never use at W1 and any tobacco/
tobacco product use within the past 30 days at follow-up, and
frequent P30D initiation is defined as never use at W1 and any
tobacco/tobacco product use within the past 30 days on at least
20 or more days at follow-up. Each stricter timeframe for initia-
tion is a subset of the larger timeframe preceeding it. Duration of
follow-up is either 1 or 2 years depending on the aim. See table
footnotes for more details. P30D exclusive initiation is defined
as never tobacco use at W1 and new use of only one tobacco
product in the past 30 days at a subsequent wave. P30D polyto-
bacco initiation is defined as never tobacco use at W1 and new
use of two or more tobacco products in the past 30 days at a
subsequent wave (W2 or W3). Longitudinal outcomes examined
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also include P30D initiation of exclusive or polytobacco ENDS
or cigarettes at W2 among W1 never users.

Analytic approach
To address Aim 1, weighted cross-sectional prevalence of never
any tobacco use and never use of each individual product
was estimated at each wave, stratified by age group. For Aim
2, weighted P12M, P30D and frequent P30D initiation rates
for any tobacco and the individual tobacco products for each
age group from W1 to W2, W2 to W3 and W1 to W3 were
estimated. To address Aim 3, longitudinal W1-W2-W3 P30D
exclusive initiation and polytobacco initiation pathways among
W1 never users were examined. For Aim 4, transitions in P30D
tobacco use by W3 among W1 never tobacco users who initiated
ENDS or cigarette use at W2 are reported separately.
Cross-sectional estimates (Aim 1) were calculated using
PATH Study cross-sectional weights for W1 and single-wave
(pseudocross-sectional) weights for W2 and W3. The weighting
procedures adjusted for complex study design characteristics and
non-response. Combined with the use of a probability sample,
the weighted data allow these estimates to be representative of
the non-institutionalised, civilian, resident US population aged
12 or older at the time of each wave. Longitudinal estimates

100%
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30%
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20%
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Figure 1
Study.

32.9%P

Young Adults

¥ Wave 2 (2014/15)

(Aims 2, 3 and 4) were calculated using the PATH Study W3
all-waves weights. These weighted estimates are representative
of the resident US population aged 12 and older at the time of
W3 (other than those who were incarcerated) who were in the
civilian, non-institutionalised population at W1. For Aims 1-3,
weighted t-tests were conducted on differences in proportions
to assess statistical significance. To correct for multiple compari-
sons, Bonferroni post-hoc tests were conducted.

All analyses were conducted using SAS Survey Procedures,
V.9.4 (SAS Institute). Variances were estimated using the balanced
repeated replication method?” with Fay’s adjustment set to 0.3
to increase estimate stability.”® Analyses were run on the W1-W3
Public Use Files (https://doi.org/10.3886/ICPSR36498.v8). Esti-
mates based on fewer than 50 observations in the denominator
or with a coefficient of variation greater than 0.30 were flagged.

RESULTS

Cross-sectional weighted prevalence

Prevalence estimates of never any tobacco and product-specific
never use at W1, W2 and W3 by each age group (youth, young
adults and adults 25+) are shown in figure 1. There were rela-
tively modest, but statistically significant, decreases across waves

30.1%*¢ 28.7%bc

25.6%> 25.1%3¢ 24.1%b¢

Adults 25+

¥ Wave 3 (2015/16)

Cross-sectional weighted percentages of never tobacco use among youth, young adults and adults 25+ in W1, W2 and W3 of the PATH

W1 =Wave 1; W2 = Wave 2; W3 = Wave 3; PATH = Population Assessment of Tobacco and Health
W1/W2/W3 never tobacco use unweighted Ns: youth (ages 12—17) = 10 246/8721/8487; young adults (ages 18-24) = 1755/1850/2096; adults 25+

(ages 25 and older) = 2761/2323/2193.

X-axis shows three age groups: youth, young adults and adults 25+. Y-axis shows weighted percentages of W1, W2 and W3 never users in these three
age groups. Sample analysed includes all W1, W2 and W3 respondents at each wave. The PATH Study cross-sectional (W1) or single-wave weights (W2
and W3) were used to calculate estimates at each wave. All respondents with data at one wave are included in the sample for that wave's estimate
and do not need to have complete data at all three waves. Never tobacco use is defined as not having used any tobacco, even once or twice in

lifetime.

#Significant difference at p<0.0167 (Bonferroni corrected for three comparisons) between W1 and W2.
bSignificant difference at <0.0167 (Bonferroni corrected for three comparisons) between W1 and W3.
‘Significant difference at <0.0167 (Bonferroni corrected for three comparisons) between W2 and W3.

The logit-transformation method was used to calculate the 95% Cls.

Analyses were run on the W1, W2 and W3 public use files (https://doi.org/10.3886/ICPSR36498.v8).
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Table 1a Weighted Percentage of Tobacco and Product-Specific Initiation at W2 or W3 Among W1 Never Users

W2 (2014/15) or W3 (2015/16)

W1 (2013/14) P12M Initiation P30D Initiation Frequent P30D Initiation

Youth Weighted % 95%ClI Weighted % 95%ClI Weighted % 95%Cl

Never tobacco use 24.4 (23.4-25.4) 95 (8.8-10.2) 1.3 (1.1-1.6)
Never cigarette use 9.9%4 (9.3-10.6) 4,734 (4.2-5.3) 0.6 (0.5-0.8)
Never ENDS* use 227249 (21.6-23.7) 6.4%49 (5.8-7.1) 0.9%%9 (0.7-1.2)
Never hookah use 8.9% (8.3-9.7) 3.40¢0 (3.0-3.8) 0.2°¢ (0.1-0.4)
Never cigar use 9.0 (8.3-9.7) 4.0 (3.7-4.4) 0.1% (0.1-0.2)
Never smokeless use 4,209 (3.7-4.7) 1.8%9i (1.6-2.1) 0.5%4 (0.4-0.7)
Young adults Weighted % 95%(ClI Weighted % 95%Cl Weighted % 95%Cl

Never tobacco use 22.8 (20.0-26.0) 12.2 (10.1-14.6) 1.7 (1.1-2.7)
Never cigarette use 10.32b4 (8.8-12.0) 6.1 (5.1-7.4) il g (0.7-1.6)
Never ENDS use 28.4%49 (26.5-30.4) 7.49 (6.4-8.4) 1.0%49 (0.7-1.5)
Never hookah use 14,10 (12.5-15.8) 6.4 (5.3-7.7) 0.21°¢ (0.1-0.4)
Never cigar use 12.0 (10.8-13.4) 7.2 (6.2-8.4) 0.3tf (0.2-0.6)
Never smokeless use 2,599 (2.1-2.9) 1.4994 (1.1-1.7) 0.49 (0.2-0.6)
Adults 25+ Weighted % 95%(Cl Weighted % 95%Cl Weighted % 95%Cl

Never tobacco use 4.0 (3.1-5.0) 2.7 (2.0-3.6) 0.4t (0.2-0.9)
Never cigarette use 2.4%4 (1.8-3.2) 1.8%4 (1.3-2.6) 0.4t (0.2-0.7)
Never ENDS use 6.7%%49 (6.3-7.2) 2.3%9 (2.0-2.5) 0.5%9 (0.4-0.6)
Never hookah use 1.480 (1.2-1.7) 0.7%¢h (0.6-0.9) 0.0%" (0.0-0.1)
Never cigar use 3.3 (2.8-3.9) 2.1Mi (1.8-2.6) 0.3" (0.2-0.5)
Never smokeless use 0.7%9 (0.5-0.8) 0.5%9i (0.4-0.7) 0.11% (0.0-0.1)

W1 total group unweighted denominators (P12M initiation/P30D initiation/Frequent P30D initiation):

Never tobacco use - youth (ages 12-17): 8,245/8,143/8,078; young adults (ages 18-24): 1,312/1,308/1,295; adults 25+ (ages 25 and older): 2,043/2,046/2,039
Never cigarette use - youth: 9,596/9,590/9,576; young adults: 2,310/2,310/2,294; adults 25+: 2,903/2,906/2,894

Never ENDS use - youth: 9,849/9,793/9,764; young adults: 3,697/3,651/3,639; adults 25+: 11,532/11,403/11,431

Never hookah use - youth: 10,239/10,231/10,199; young adults: 2,921/2,924/2,920; adults 25+: 13,071/13,083/13,065

Never cigar use - youth: 9,916/9,876/9,849; young adults: 2,817/2,818/2,770; adults 25+: 7,494/7,510/7,444

Never smokeless use - youth: 10,252/10,248/10,236; young adults: 5,145/5,152/5,135; adults 25+: 13,116/13,155/13,094

Analysis included youth, young adult, and adult 25+ W1 never tobacco or tobacco product users with data at W1, W2, and W3. Respondent age was calculated based on age at
W1. W3 longitudinal (all-waves) weights were used to calculate estimates.

Never tobacco/product initiation is defined as not having used any tobacco or the specific product, even once or twice in lifetime.

1) P12M initiation: Defined as a never user at W1 who used any tobacco or the specific product within the past 12 months at W2 or W3.

2) P30D initiation (a subset of P12M initiation): Defined as a never user at W1 who used any tobacco or the specific product within the past 30 days at W2 or W3.
3) Frequent P30D initiation (a subset of P30D initiation): Defined as a never user at W1 who used any tobacco or the specific product within the past 30 days on at least 20 or
more days at W2 or W3.

All significance tests were done between product initiations only (not any tobacco initation).

“denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and ENDS

bdenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and hookah

‘denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and cigar

ddenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and smokeless

“denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and hookah

fdenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and cigar

9denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and smokeless

hdenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between hookah and cigar

idenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between hookah and smokeless

Idenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigar and smokeless

*Respondents were asked about “e-cigarettes” at W1 and “e-products” (i.e., e-cigarettes, e-cigars, e-pipes, and e-hookah) at W2 and W3

The logit-transformation method was used to calculate the 95% Cls.

tEstimate should be interpreted with caution because it has low statistical precision. It is based on a denominator sample size of less than 50, or the coefficient of variation of
the estimate or its complement is larger than 30%.

Analyses were run on the W1, W2, and W3 Public Use Files (https://doi.org/10.3886/ICPSR36498.v8).

Cl, confidence interval; ENDS, electronic nicotine delivery system; P30D, past 30-day; P12M, past 12-month; W1, Wave 1; W2, Wave 2; W3, Wave 3.

Table 1b  Weighted Percentage of Tobacco and Product-Specific Initiation at W2 Among W1 Never Users

W2 (2014/15)

W1 (2013/14) P12M Initiation P30D Initiation Frequent P30D Initiation
Youth Weighted % 95% Cl Weighted % 95% Cl Weighted % 95% Cl
Never tobacco use 15.0 (14.2-15.8) 53 (4.7-5.8) 0.7 (0.5-0.9)
Never cigarette use 4.6 (4.2-5.1) 2,134 (1.8-2.4) 0.4 (0.3-0.5)
Continued
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Table 1b  Continued

W2 (2014/15)

W1 (2013/14) P12M Initiation P30D Initiation Frequent P30D Initiation

Youth Weighted % 95% CI Weighted % 95% CI Weighted % 95% CI
Never ENDS* use 15.8%¢49 (15.0-16.7) 342449 (2.9-3.8) 0.5 (0.3-0.7)
Never hookah use 5.3¢ (4.9-5.8) 2.0% (1.8-2.3) 0.2° (0.1-0.3)
Never cigar use 4.6 (4.2-5.1) 2.0% (1.82.3) 0.1 (0.1-0.2)
Never smokeless use 2.209i (1.9-2.5) 0.9%94 (0.7-1.1) 0.3 (0.2-0.4)
Young adults Weighted % 95% Cl Weighted % 95% CI Weighted % 95% CI
Never tobacco use 15.2 (12.9-17.8) 8.1 (6.5-10.0) 1.4 (0.9-2.3)
Never cigarette use 7.0204 (6.0-8.2) 4.6 (3.8-5.5) 0.9%¢d (0.6-1.3)
Never ENDS use 23.8%¢49 (22.1-25.7) 4.6° (3.8-5.5) 0.8%%9 (0.5-1.1)
Never hookah use 9.ghahi (8.6-11.1) 5.0 (4.2-5.9) 0.2%¢ (0.1-0.3)
Never cigar use 7.3t (6.4-8.4) 4.1 (3.4-5.0) 0.2t (0.1-0.4)
Never smokeless use 1.499% (1.1-1.8) 0.8%9 (0.6-1.0) 0.3% (0.2-0.4)
Adults 25+ Weighted % 95% Cl Weighted % 95% CI Weighted % 95% CI
Never tobacco use 2.2 (1.7-2.9) 1.4 (1.0-1.9) 0.3t (0.1-0.6)
Never cigarette use 1.2%<d (0.9-1.6) 0.9%¢ (0.6-1.3) 0.2t (0.1-0.5)
Never ENDS use 5,589 (5.1-5.9) 1.42€9 (1.2-1.7) 0.4%%9 (0.3-0.5)
Never hookah use 0.8%h (0.7-1.0) 0.4 (0.3-0.5) 0.0t°h (0.0-0.1)
Never cigar use PI0RLL (1.7-2.3) 1.3M (1.1-1.6) 0.2 (0.1-0.3)
Never smokeless use 0.3%9 (0.2-0.4) 0.3%9 (0.2-0.4) 0.019 (0.0-0.1)

W1 total group unweighted denominators (P12M initiation/P30D initiation/Frequent P30D initiation):

Never tobacco use — youth (ages 12-17): 8,913/8,840/8,799; young adults (ages 18-24): 1,466/1,459/1,451; adults 25+ (ages 25 and older): 2,247/2,247/2,243
Never cigarette use - youth: 10,383/10,379/10,372; young adults: 2,584/2,584/2,569; adults 25+: 3,190/3,191/3,182

Never ENDS use - youth: 10,676/10,62110,605; young adults: 4,195/4,139/4,141; adults 25+: 12,799/12,636/12,720

Never hookah use - youth: 11,101/11,093/11,067; young adults: 3,304/3,304/3,304; adults 25+: 14,543/14,549/14,543

Never cigar use - youth: 10,775/10,748/10,741; young adults: 3,153/3,155/3,120; adults 25+: 8,339/8,351/8,308

Never smokeless use - youth: 11,151/11,148/11,144; young adults: 5,783/5,786/5,777; adults 25+: 14,560/14,583/14,546

Analysis included youth, young adult, and adult 25+ W1 never tobacco or tobacco product users with data at W1 and W2. Respondent age was calculated based on age at W1.
W2 single-wave weights were used to calculate estimates.

Never tobacco/product initiation is defined as not having used any tobacco or the specific product, even once or twice in lifetime.

1) P12M initiation: Defined as a never user at W1 who used any tobacco or the specific product within the past 12 months at W2.

2) P30D initiation (a subset of P12M initiation): Defined as a never user at W1 who used any tobacco or the specific product within the past 30 days at W2.

3) Frequent P30D initiation (a subset of P30D initiation): Defined as a never user at W1 who used any tobacco or the specific product within the past 30 days on at least 20 or
more days at W2.

All significance tests were done between product initiations only (not any tobacco initation).

“denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and ENDS

bdenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and hookah

“denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and cigar

ddenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and smokeless

“denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and hookah

fdenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and cigar

9denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and smokeless

"denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between hookah and cigar

'denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between hookah and smokeless

idenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigar and smokeless

*Respondents were asked about “e-cigarettes” at W1 and “e-products” (i.e., e-cigarettes, e-cigars, e-pipes, and e-hookah) at W2 and Wave 3.

The logit-transformation method was used to calculate the 95% Cls.

tEstimate should be interpreted with caution because it has low statistical precision. It is based on a denominator sample size of less than 50, or the coefficient of variation of
the estimate or its complement is larger than 30%.

Analyses were run on the W1 and W2 Public Use Files (https://doi.org/10.3886/ICPSR36498.v8).

Cl, confidence interval; ENDS, electronic nicotine delivery system; P30D, past 30-day; P12M, past 12-month; W1, Wave 1; W2, Wave 2.

Table 1c  Weighted Percentage of Tobacco and Product-Specific Initiation at W3 Among W2 Never Users

W3 (2015/16)
W2 (2014/15) P12M Initiation P30D Initiation Frequent P30D Initiation
Youth Weighted % 95%Cl Weighted % 95%Cl Weighted % 95%Cl
Never tobacco use 8.9 (8.3-9.6) 36 (3.1-4.0) 0.6 (0.5-0.8)
Never cigarette use 4.2°4 (3.8-4.6) 1.9%bd (1.6-2.3) 0.2°¢ (0.2-0.3)
Never ENDS* use 6.5%%19 (6.0-7.1) 273449 (2.33.1) 0.4%%9 (0.3-0.6)
Never hookah use 2.6°eN (2.4-3.0) 0.9°¢h (0.7-1.1) 0.11°¢ (0.0-0.1)
Continued
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Table 1c  Continued

W3 (2015/16)

W2 (2014/15) P12M Initiation P30D Initiation Frequent P30D Initiation
Youth Weighted % 95%Cl Weighted % 95%Cl Weighted % 95%Cl

Never cigar use 36" (3.2-4.0) 1,54 (1.3-1.8) 0.0 (0.0-0.1)
Never smokeless use 1.7494 (1.5-2.0) 07491 (0.6-0.9) 0.29 (0.1-0.3)
Young adults Weighted % 95%Cl Weighted % 95%Cl Weighted % 95%(Cl

Never tobacco use 11.4 (9.5-13.6) 6.3 (5.1-7.8) 0.6 (0.3-1.0)
Never cigarette use 5.3¢ (4.6-6.2) 3.0¢ (2.4-3.6) 0.4t (0.2-0.8)
Never ENDS use 6.2 (5.5-7.1) 3.69 (2.9-4.4) 0.2t (0.1-0.5)
Never hookah use 6.3 (5.3-7.5) 2.4 (1.93.2) 0.1t (0.0-0.2)
Never cigar use 5.8 (5.1-6.6) 3.6 (3.0-4.4) 0.2t (0.1-0.4)
Never smokeless use 1.4894i (1.1-1.8) 0.8%91 (0.6-1.1) 0.1t (0.1-0.3)
Adults 25+ Weighted % 95%Cl Weighted % 95%Cl Weighted % 95%Cl

Never tobacco use 1.8 (1.2-2.8) 1.3 (0.7-2.2) 0.2t (0.0-0.6)
Never cigarette use 1.24 (0.8-1.8) 0.9 (0.5-1.6) 0.2t (0.1-0.5)
Never ENDS use 1.4%9 (1.2-1.6) 0.9%9 (0.8-1.1) 0.2°9 (0.1-0.2)
Never hookah use 0.6 (0.4-0.8) 0.3¢h (0.2-0.5) 0.0t (0.0-0.0)
Never cigar use 1.4 (1.1-1.7) 0.9" (0.7-1.1) 0.2t (0.1-0.3)
Never smokeless use 0.4%9i (0.3-0.5) 0.3% (0.2-0.4) 0.019 (0.0-0.1)

W2 total group unweighted denominators (P12M initiation/P30D initiation/Frequent P30D initiation):

Never tobacco use — youth (ages 12-17): 8,087/8,064/8,039; young adults (ages 18-24): 1,680/1,683/1,669; adults 25+ (ages 25 and older): 2,111/2,116/2,111
Never cigarette use - youth: 9,954/9,950/9,945; young adults: 2,985/2,986/2,979; adults 25+: 3,083/3,085/3,081

Never ENDS use - youth: 9,651/9,643/9,629; young adults: 3,715/3,716/3,701; adults 25+: 10,870/10,879/10,836

Never hookah use - youth: 10,520/10,520/10,507; young adults: 3,395/3,397/3,394; adults 25+: 13,221/13,228/13,216

Never cigar use - youth: 10,267/10,251/10,241; young adults: 3,377/3,380/3,349; adults 25+: 7,570/7,579/7,548

Never smokeless use - youth: 10,497/10,496/10,490; young adults: 5,825/5,829/5,819; adults 25+: 13,749/13,771/13,741

Analysis included youth, young adult, and adult 25+ W2 never tobacco or tobacco product users with data at W2 and W3. Respondent age was calculated based on age at W2.

W3 longitudinal (all-waves) weights were used to calculate estimates.

Never tobacco/product initiation is defined as not having used any tobacco or the specific product, even once or twice in lifetime.

1) P12M initiation: Defined as a never user at W2 who used any tobacco or the specific product within the past 12 months at W3.

2) P30D initiation (a subset of P12M initiation): Defined as a never user at W2 who used any tobacco or the specific product within the past 30 days at W3.
3) Frequent P30D initiation (a subset of P30D initiation): Defined as a never user at W2 who used any tobacco or the specific product within the past 30 days on at least 20 or
more days at W3.

All significance tests were done between product initiations only (not any tobacco initation).

“denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and ENDS

bdenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and hookah

“denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and cigar

ddenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigarette and smokeless

“denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and hookah

fdenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and cigar

9denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between ENDS and smokeless

"denotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between hookah and cigar

idenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between hookah and smokeless

Idenotes significant difference at p<0.005 (Bonferroni corrected for ten comparisons) between cigar and smokeless

*Respondents were asked about “e-cigarettes” at Wave 1 and “e-products” (i.e., e-cigarettes, e-cigars, e-pipes, and e-hookah) at W2 and W3.

The logit-transformation method was used to calculate the 95% Cls.

tEstimate should be interpreted with caution because it has low statistical precision. It is based on a denominator sample size of less than 50, or the coefficient of variation of
the estimate or its complement is larger than 30%.

Analyses were run on the W2 and W3 Public Use Files (https://doi.org/10.3886/ICPSR36498.v8).

Cl, confidence interval; ENDS, electronic nicotine delivery system; P30D, past 30-day; P12M, past 12-month; W1, Wave 1; W2, Wave 2; W3, Wave 3.

in the percentage of never tobacco users within each age group,
except an increase in never tobacco among youth between W2
and W3. Estimates of never tobacco use by product among
youth, young adults and adults 25+ are presented in online
supplementary figure 3.

Longitudinal weighted pathways

P12M, P30D and frequent P30D initiation among W1 never users
across two waves

Table 1a presents, undefined by age group, any tobacco initiation
and product-specific initiation across 2 years CA (at W2 or W3)
among W1 never tobacco users. Among W1 never tobacco users,

24.4% (95% CI 23.4 to 25.4) of youth, 22.8% (95% CI 20.0 to
26.0) of young adults, and 4.0% (95% CI 3.1 to 5.0) of adults
25 +started using any tobacco product at W2 or W3.

ENDS had the highest proportion of P12M initiation from W1
to W3 for youth (22.7% (95% CI 21.6 to 23.7)), young adults
(28.4% (95% CI 26.5 to 30.4)), and adults 25+ (6.7% (95% CI
6.3 to 7.2)) compared to P12M initiation rates of all other prod-
ucts. Across all age groups, P12M initiation was the lowest for
smokeless tobacco compared to the other four tobacco products.

Compared to P12M initiation, the percentage of P30D initi-
ation across all specific tobacco products had less variability in
each age group ranging from 1.8% to 6.4% among youth, 1.4%
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to 7.4% among young adults and 0.5% to 2.3% among adults
25+. Similar to P12M initiation rates, ENDS had the highest
proportion of P30D initiation from W1 to W3 compared to
P30D initiation rates of all other products among youth (6.4%
(95% CI 5.8 to 7.1)) and young adults (7.4% (95% CI 6.4 to
8.4)). Frequent P30D initiation for youth, young adults and
adults 25+ was rare with rates equal to or less than 1.1% for
each of the specific tobacco products.

W1-W2 and W2-W3 initiation, P30D initiation and frequent P30D
initiation among W1 never users
Examining tobacco product-specific initiation over each of the
1-year intervals (table 1b and 1c¢) for each of the five tobacco
products, ENDS had the highest proportion of W2 P12M initi-
ation at W1-W2 for each age group (youth: 15.8% (95% CI
15.0 to 16.7); young adults: 23.8% (95% CI 22.1 to 25.7);
adults 25+: 5.5% (95% CI 5.1 to 5.9)). In youth, P30D specific
product initiation was 2%-3%, except for smokeless tobacco
(<1%) and frequent P30D initiation was less than 1% for all the
products. In young adults (table 1b), P12M W2 ENDS initiation
was the highest (23.8% (95% CI 22.1 to 25.7)) compared to
other products such as hookah (9.8% (95% CI 8.6 to 11.1)),
cigars (7.3% (95% CI 6.4 to 8.4)), cigarettes (7.0% (95% CI 6.0
to 8.2)) and smokeless tobacco (1.4% (95% CI 1.1 to 1.8)). Simi-
larly, in adults 25+, P12M W2 ENDS initiation was the highest
(5.5% (95% CI 5.1 to 5.9)) compared to hookah (0.8% (95%
CI 0.7 to 1.0)), cigars (2.0% (95% CI 1.7 to 2.3)), cigarettes
(1.2% (95% CI 0.9 to 1.6)) and smokeless tobacco (0.3% (95%
CI 0.2 to 0.4)). In young adults, W2 P30D initiation of specific
tobacco products was approximately 4%-5% except for smoke-
less tobacco (0.8%), and frequent P30D initiation of specific
products was <19%. In adults 25+, less than 2% of adults 25+
initiated a specific tobacco product in the past 30 days, and less
than 19 initiated frequent P30D use of a tobacco product.
Examining 1 year initiation rates between W2 and W3
(table 1c), the differences between the products were less
pronounced. In youth, ENDS had 6.5% (95% CI 6.0% to 7.1%)
W3 P12M initiation compared with cigarette (4.2% (95% CI
3.8 to 4.6)), cigar (3.6% (95% CI 3.2 to 4.0)), hookah (2.6%
(95% CI 2.4 to 3.0)) and smokeless tobacco (1.7% (95% CI 1.5
to 2.0)). In young adults, P12M W3 initiation of each product
was approximately 5%-6%, although smokeless tobacco was
much lower than other products at 1.4% (95% CI 1.1 to 1.8).
In young adults, P30D initiation of each product was approxi-
mately 29%-4%, except for smokeless tobacco (0.8%) and W3
frequent P30D initiation was less than 1%. In adults 25+, P12M
W2-W3 initiation of cigarettes, ENDS and cigars was approxi-
mately 1%-2%, with hookah and smokeless tobacco initiated by
less than 1%. W3, P30D initiation and frequent P30D initiation
were both less than 1%.

W1-W2-W3 initiation pathways of exclusive and polytobacco P30D
tobacco use among W1 never tobacco users

Online supplementary figure 2 provides an overview of the
possible transitions in product use across W2 and W3 among
W1 never tobacco users. The detailed pathways of the tran-
sitions are shown in online supplementary table 1. Table 2
provides aggregated transitions of exclusive or polytobacco any
tobacco P30D initiation rates by age group. Across all ages, more
W1 adults 25 +never users remained never users across all three
waves compared with youth and young adults (youth, 89.3%
(95% CI 88.4 to 90.1); young adults, 86.6% (95% CI 83.9 to
88.9); adults 25+, 97.3% (95% CI 96.3 to 98.0)).

W3 exclusive and polytobacco use among the subsample of W2
P30D initiators of ends or cigarettes

Table 3a and 3b show results from a subsample of W2 initia-
tors of ENDS or cigarettes, by age group. Among W2 youth
P30D exclusive ENDS initiators (table 3a), transitioning to no
tobacco use at W3 was the most common pathway (59.0%
(95% CI 48.4 to 68.8)). Among youth who initiated P30D
exclusive cigarette smoking at W2 (table 3b), no tobacco use
at W3 was also the most common pathway (40.3% (95% CI
28.7 to 53.1)). About 20% of W1 youth never tobacco users
fell into the pathway of W2 exclusive ENDS initiators who
remained exclusive ENDS users at W3 (table 3a, row 2). Simi-
larly, about 19% of W1 youth never tobacco users fell into
the pathway of W2 exclusive cigarette initiators who remained
exclusive cigarette users at W3 (table 3b, row 2). About 19%
of youth who initiated with exclusive cigarette use at W2 tran-
sitioned to ENDS and cigarette use at W3 (table 3b, row 4).
Youth who initiated with exclusive ENDS use at W2 and tran-
sitioned to ENDS and cigarette use at W3 (table 3a, row 4)
were less common, and this estimate was flagged due to high
relative standard error.

DISCUSSION
Data from the US nationally representative PATH Study
revealed never any tobacco use decreased over the three waves
from 2013 to 2016 for youth, young adults and adults 25+.
Decreases in never tobacco use reflect increases in initiation
that were driven by initiation of ENDS, which was gaining in
popularity and availability in the USA during this time period.
Initiating use of traditional tobacco products like cigarettes,
smokeless tobacco and cigars has remained relatively stable
(eg, youth P12M initiation of cigarettes in 2014/2015=4.2%,
and in 2015/2016=4.6%). The PATH Study instrument was
updated and questions were changed from asking about e-ciga-
rettes to asking about all ENDS products between W1 and W2
as well. P12M initiation rates from 2015 to 2016 for tradi-
tional tobacco products like cigarettes, smokeless tobacco and
cigars are comparable to those reported by NSDUH in 2016
(within ~19% for each age group).™

A unique strength of this analysis is that three different defini-
tions of initiation (P12M, P30D and frequent P30D) for overall
tobacco use and product specific tobacco use are reported over
a 2-year period, as well as the 1-year intervals within that time
span, for three different age groups. Within each age group
and looking across tobacco products, the highest proportion of
P12M initiation was among W1 never ENDS users who initiated
ENDS use at W2. The higher rates of P12M ENDS initiation
compared with other definitions may signal that a fair amount
of ENDS initiation is experimental and does not persist to be
identified as P30D or frequent P30D use. Across all age groups,
initiation from W1 to W2 of smokeless tobacco was lower than
initiation of the other products for both P12M and P30D. Initi-
ation of ENDS from W2 to W3 was not higher than initiation
of cigarettes, cigars or hookah. It is noted that these data were
collected before the documented increase in use of ENDS among
US youth in 2018.2° Specifically, data collection occurred before
the rapid growth of JUUL in the USA between 2016 and 2018;
JUUL delivers a high dose of nicotine and therefore has a greater
potential for addictiveness than many of the first generation
products available in 2013-2016.%°7*

Examining longitudinal three-wave pathways, most never
tobacco users at W1 remained never users across all three waves.
A pattern of persistent never tobacco use across the waves
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Original research

What this paper adds

» Across all age groups, never any tobacco use decreased from
2013 to 2016, reflecting overall increases in tobacco initiation
in the population.

» The higher rates of past 12-month (P12M) initiation of
electronic nicotine delivery systems (ENDS) may signal that
a fair amount of ENDS initiation is experimental and does
not persist to be identified as past 30-day (P30D) or frequent
P30D use.

» Comparing exclusive and polytobacco use pathways across
ages, more youth and young adults than adults 25+ initiated
exclusive use of a tobacco product at W2 and then had no
tobacco use at W3. More W1 adult 25+ never users remained
never users across all three waves compared with youth and
young adults.

» Among youth W2 P30D initiators of exclusive ENDS or
cigarettes, the most common W3 outcome was not using any
tobacco.

was highest among adults 25+, for whom tobacco abstinence
may be an established behaviour. Findings of persistent never
use across the three age groups mirror other recent studies of
tobacco use transitions.”? ** P30D exclusive product initiation
at W2 or W3 was more common than P30D polytobacco initi-
ation across all age groups. A higher proportion of W2 exclu-
sive initiators stopped using tobacco at W3 compared with W2
initiators who were polytobacco users. Initiating use of multiple
tobacco products within the same time period may be a risk
factor for continued use over time. Given the growing phenom-
enon of concurrent multiple tobacco product use,” ™ preven-
tion strategies could include discussion of how combining use
of tobacco products may increase risk of addiction. Kasza et al*!
examined predictors of ever or P30D tobacco initiation over a
1-year period and found that after controlling for demographics,
ever use of another type of tobacco product was a significant
predictor of tobacco product initiation.

Given growing evidence that ENDS initiation is associ-
ated with subsequent cigarette initiation,” ' 2°** analyses
that describe specific ENDS and cigarette pathways across
the three waves for each age group were explored. Among
youth, 59.0% of W2 exclusive ENDS initiators were not using
any tobacco at W3, whereas 40.3% of W2 exclusive cigarette
initiators were not using any tobacco at W3. It is noted that
approximately 20% of youth who initiated exclusively with
ENDS at W2 were also exclusive ENDS users at W3 during
this time period of 2013-2016 compared with 18.5% of youth
who initiated exclusively with cigarettes and remained exclu-
sive cigarette users at W3. As accessibility and trial of ENDS
products among youth in the USA increased from 2017 to
2019,* '73% it remains to be studied what proportion of ENDS
initiators remain exclusive ENDS users.

While 19% of youth exclusive cigarette initiators become dual
ENDS and cigarette polytobacco users a year later, that same
pathway among youth who initiate with ENDS is flagged due
to low sample sizes. These observations add to the growing
evidence base that traditional tobacco products, such as cigarette
use*? and smokeless tobacco use,” may be more likely to be
persistent over time compared with other tobacco products such
as ENDS, cigars and hookah.**¢

Limitations

Limitations of this report include recall bias from a self-report
study questionnaire. Additionally, the PATH Study asked about
‘e-cigarettes’ at W1 and ‘e-products’ (ie, e-cigarettes, e-cigars,
e-pipes and e-hookah) at W2 and W3. This approach may have
resulted in misclassification of ENDS-specific use between W1
and the subsequent waves. It is noted that this report presents
prevalence rates unadjusted for demographic or behavioural
variables, which may be important variables to consider in
future analyses. It is also noted that there may be variability
in initiation rates compared with other published PATH Study
papers due to differences in definitions or those included in
the analytic sample. Weighted longitudinal analyses over the
follow-up period excluded participants who were missing data
at one of the waves. The extent of missing data and the small
number of observations for specific low-prevalence pathways
limit interpretation.

Summary and implications

This report provides a unique examination of rates of never use
across 3 years, three different definitions of initiation rates of
tobacco overall and product-specific use, and three-wave longi-
tudinal pathways that capture product initiation at W2 and their
transitions at W3. Despite growing rates of P12M ENDS initi-
ation in the USA, youth ENDS P30D initiation and frequent
P30D initiation are less common. Among W2 P30D initiators
of exclusive ENDS or cigarettes, the most common W3 outcome
is not using any tobacco. While ENDS initiation rates need to
be monitored and addressed in prevention efforts, these data
suggest that we must also remain vigilant and maintain a strong
public health focus on prevention of cigarette smoking initiation
as well as initiation of other tobacco products.
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