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ABSTRACT

Introduction It is unknown how recent changes in the
tobacco product marketplace have impacted transitions
in cigarette and electronic nicotine delivery system
(ENDS) use.

Methods A multistate transition model was applied to
24 242 adults and 12 067 youth in waves 2—4 (2015—
2017) and 28 061 adults and 12 538 youth in waves

4 and 5 (2017-2019) of the Population Assessment of
Tobacco and Health Study. Transition rates for initiation,
cessation and product transitions were estimated in
multivariable models, accounting for gender, age group,
race/ethnicity and daily versus non-daily product use.
Results Changes in ENDS initiation/relapse rates
depended on age, including among adults. Among youth
who had never established tobacco use, the 1-year
probability of ENDS initiation increased after 2017

from 1.6% (95% Cl 1.4% to 1.8%) to 3.8% (95% Cl
3.4% to 4.2%). Persistence of ENDS-only use (ie, 1-year
probability of continuing to use ENDS only) increased for
youth from 40.7% (95% Cl 34.4% to 46.9%) t0 65.7%
(95% C1 60.5% to 71.1%) and for adults from 57.8%
(95% C154.4% t0 61.3%) to 78.2% (95% Cl 76.0% to
80.4%). Persistence of dual use similarly increased for
youth from 48.3% (95% Cl 37.4% t0 59.2%) to 60.9%
(95% Cl 43.0% to 78.8%) and for adults from 40.1%
(95% C137.0% to 43.2%) to 63.8% (95% C1 59.6% to
67.6%). Youth and young adults who used both products
became more likely to transition to ENDS-only use, but
middle-aged and older adults did not.

Conclusions ENDS-only and dual use became more
persistent. Middle-aged and older adults who used both
products became less likely to transition to cigarette-only
use but not more likely to discontinue cigarettes. Youth
and young adults became more likely to transition to
ENDS-only use.

INTRODUCTION

Electronic nicotine delivery systems (ENDS),
including e-cigarettes, have substantially changed
the landscape of tobacco and nicotine prod-
ucts in the USA and other countries. In the USA,
ENDS sales, driven by JUUL and similar products,
increased dramatically over 2018'7 and fuelled
concerns about a potential youth vaping epidemic.*
ENDS, as an alternative to traditional cigarettes,
may create a public health benefit through harm
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Electronic nicotine delivery systems (ENDS) use
was less persistent than cigarette use before
2018, but more recent studies have suggested
that ENDS use is becoming more persistent.

= Observed probabilities of transitions are
interdependent, so underlying transition hazard
rates need to be estimated to infer changes in
transition propensities.

WHAT THIS STUDY ADDS

= The use of ENDS and dual use of ENDS and
cigarettes became more persistent for both
adults and youth after 2017.

= Older adults who used both products did not
become more likely to discontinue cigarette use.
Youth and young adults became more likely to
transition to exclusive ENDS use.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The increasing persistence of dual use should
be accounted for in tobacco policies promoting
harm reduction in adults and preventing
initiation in youth.

= Changes in transition patterns among tobacco
and ENDS products need to be tracked and
accounted for in models forecasting the
possible impact of tobacco policies.

reduction if people who use cigarettes leverage
ENDS to quit or reduce smoking or if ENDS divert
those who would have used cigarettes into ENDS
use instead.’™ However, the real-world impact
of ENDS is uncertain, as it is unclear whether
ENDS facilitate smoking cessation broadly or
whether they inhibit long-term smoking cessation
through continued nicotine addiction.”™" More-
over, concerns that ENDS use by youth may lead
to smoking initiation remain, despite continued
declines in youth smoking.'* The impact of ENDS
may depend on the product generation. Unlike
newer ENDS products using nicotine salts, early
freebase nicotine ENDS products were unpalatable
at higher nicotine concentrations, so that different
products may have substantially different impacts
on tobacco use behaviours.'? These newer products
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also debuted new flavours, many of which appeal to youth.'
Accordingly, it is important to investigate how transitions
between tobacco products (initiation, cessation and product
switching) changed after 2017 and how these changes depend
on age group. Previous work has highlighted increasing ENDS
use among youth and decreasing ENDS cessation among adults
in this period." '® This analysis focuses on cigarettes—the most
used combustible tobacco product—and ENDS—which capture
a variety of nicotine vaping products—to better understand the
potential public health impact of changes in the marketplace on
smoking and vaping.

Interdependencies make it difficult to interpret changes in
the fraction of people transitioning from one type of product to
another or to non-use. For example, an increase in the rate that
people who only use cigarettes transition to dual use of cigarettes
and ENDS inherently decreases the fraction of people who only
use cigarettes who quit, even if the quitting rate is unchanged,
because there are fewer people left to quit. Accordingly, we need
to estimate the transition rates that underlie the observed tran-
sition fractions to be able to attribute changes in the fractions
to changes in propensities to use or quit products. To do so,
we use continuous-time multistate transition models, which are
increasingly being used to analyse tobacco product transitions
and to understand how sociodemographic factors impact these
underlying rates.'”>* In a previous multistate transition analysis,
we found that ENDS use in 2013-2017 was less persistent than
cigarette use in the USA," but more recent work has suggested
that ENDS use has become more persistent in recent years.'
In this analysis, we build on that previous work, implementing
a multistate transition model using data from the Population
Assessment of Tobacco and Health (PATH) Study, distinguishing
between waves 2—-4 (2015-2017) and waves 4 and 5 (2017-
2019) for adults and youth, and adjusting for demographics
and frequency of product use. We also developed an approach
to calculate continuous, spline-based estimates of the impact of
age on tobacco product transitions, allowing a clearer picture of
exactly how the rate of each transition varies by age and how
these patterns changed after 2017. In addition to describing the
big-picture changes in transitions, this paper specifically focuses
on ENDS initiation, cigarette cessation among people who
use both cigarettes and ENDS, how these transitions changed
between 2015-2017 and 2017-2019, and how the changes
differ by age group.

METHODS

Data

The PATH Study is a national longitudinal cohort study of
tobacco and nicotine product use behaviours among the civilian
non-institutionalised adult (ages 18-90) and youth (ages 12-17)
populations.” The initial, nationally representative wave 1
cohort was replenished in wave 4 to form the nationally repre-
sentative wave 4 cohort (about 25% of the wave 4 cohort was
not in the wave 1 cohort). Our analysis compared 24 242 adults
and 12 067 youth from the wave 1 cohort in waves 2—4 (October
2014-January 2018, abbreviated as 2015-2017) and 28 061
adults and 12 538 youth in the wave 4 cohort in waves 4 and 3,
including wave 4.5 for youth (December 2016-November 2019,
abbreviated as 2017-2019). Shadow youth (ie, youth under age
12 who were preemptively enrolled but did not participate in
data collection) aged into the youth cohort in each wave, main-
taining the age distribution of youth that we followed up to
the subsequent wave. Transitions of youth who were age 17
were observed by determining their product use at age 18 in

the adult cohort. Time between follow-up for each participant
was approximately 1 year, except for the 2-year gap for adults
between waves 4 and 3, as adults were not included in wave 4.5.
The analytic framework explicitly accounts for the time between
observations, allowing for joint analysis of data with varying
follow-up times. We used information on age (both as age in
years and age groups 12-14, 15-17, 18-24, 25-34, 35-54 and
55-90), gender (male and female) and race/ethnicity (Hispanic,
non-Hispanic black, non-Hispanic white and other/unknown).
Age was defined for each wave, so that transition rates depended
on age at the most recent wave.

Participants were classified into one of five product use
patterns: never established use, non-current use, cigarette-only
use, ENDS-only use or dual use of both products, as in previous
work." In brief, participants who reported no established use
of cigarettes (<100 lifetime cigarettes) or ENDS (never ‘fairly
regular’ use) were classified as having never established use.
The other states were defined based on both established use
and past 30-day use of either or both products. Non-current
use was defined as ever established use of either cigarettes or
ENDS but no past 30-day use of either product. A summary of
the state definitions is given in online supplemental figure 1A.
Additionally, use of cigarettes or ENDS was classified as daily or
non-daily, depending on whether participants reported using the
product 30 out of the past 30 days or fewer than 30 (based on
previous analysis of the distribution of reported use®®). Like age,
daily use was defined for each wave separately. Characteristics of
the populations are given in the supplementary material (online
supplemental table 1).

Transition modelling

We used a previously developed multistate transition mode
to analyse the underlying transition hazard rates between
product use and covariate HRs for four different groups: youth
2015-2017 (waves 2—4), youth 2017-2019 (waves 4 and 5),
adults 2015-2017 (waves 2—4) and adults 2017-2019 (waves
4 and 5). Multistate transition models are continuous time,
finite-state stochastic process models that assume that tran-
sition hazard rates depend only on the current state and not
on past states or transition history.”” We incorporated wave
1 and wave 4 longitudinal survey weights into the model, as
described in Brouwer et al,'” which provides further technical
details, and the included modelled transitions are given in
online supplemental figure 1B. The model estimates instanta-
neous risk of transition from one state to another, that is, tran-
sition hazard rates, which collectively define the probability of
transitioning from one state to any other at a future time. The
transition rates were converted to per-year transition probabil-
ities over each 2-year period. We separately estimated the tran-
sition rates for youth and adults in 2015-2017 (waves 2—-4) and
2017-2019 (waves 4 and 5), adjusting for gender, age group,
race/ethnicity, and daily versus non-daily cigarette and ENDS
use, the effects of which were estimated as covariate HR. We
estimated the effect of continuous age on the transition using
cubic B splines (a kind of piecewise polynomial)*® with knots at
ages 12, 18, 40 and 90.

119—2]

RESULTS

Throughout the results, we compare transition probabilities,
hazard rates and HRs between 2015-2017 (waves 2-4) and
2017-2019 (waves 4 and 3).
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Figure 1
(B,D). Cls are given in online supplemental figure 2.

Transition probabilities and hazard rates

Among youth who never established use of either product, the
1-year probability of ENDS initiation increased from 1.6% (95%
CI 1.4% to 1.8%) in 2015-2017 to 3.8% (95% CI 3.4% to
4.290) in 2017-2019 (figure 1A,B). Persistence of youth ENDS-
only use increased from 40.7% (95% CI 34.4% to 46.9%) to
65.8% (95% CI 60.5% to 71.1%). Youth who used cigarettes
only became more likely to transition to dual use, with the 1-year
transition probability increasing from 15.0% (95% CI 8.6% to
21.5%) to 23.9% (95% CI 16.0% to 31.9%). Concurrently,
youth who used both products became more likely to transition
to ENDS-only use, with the transition probability increasing
from 5.2% (95% CI 0.8% to 9.6%) to 16.5% (95% CI 6.7%
to 26.39%).

For adults overall, there was little change after 2017 in transi-
tions for those who only used cigarettes. Dual use became more
persistent, with the 1-year probability of continuing dual use
increasing from 40.1% (95% CI 37.0% to 43.29%) to 63.8% (95%
CI59.9% to 67.6%), accompanied by a decrease in transitions to
cigarette-only use, which decreased from 45.3% (95% CI42.4%
to 48.3%) to 24.9% (95% CI 21.5% to 28.3%) (figure 1C,D).
One-year persistence of ENDS-only use also increased from
57.8% (95% CI 54.4% to 61.3%) to 78.2% (95% CI 76.0% to
80.49%). For adults who never established use overall, there was
no significant change in ENDS initiation, which remained low at
0.2% (95% CI 0.2% to 0.3%) in 2015-2017 and 0.3% (95% CI
0.3% to 0.49%) in 2017-2019.

Because the transition probabilities, which must sum to
one, are interdependent, they do not directly indicate whether

One-year transition probabilities for youth (A, B) and adults (C,
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propensities to initiate, quit or change products are increasing or
decreasing. Instead, the underlying transition hazard rates reflect
these propensities. We find that transition hazard rates decreased
significantly among adults from 2015 to 2017 to 2017-2019,
except for never established or non-current to ENDS-only use
(figure 2A); that is, increases in ENDS and dual use persistence
are driven by decreases in other transitions in the cohort, while
never or non-current to ENDS-only use transitions stayed
constant. Among youth, fewer changes in the transition rates
were statistically significant (figure 2B). Exceptions included
the increase in initiation from never to ENDS-only use and the
decreases in the transition hazard rates from ENDS-only use to
either non-current or dual use.

Sociodemographic transition HRs

There were few changes in transition patterns by gender or race/
ethnicity for adults or youth, and the impacts of non-daily versus
daily use of cigarettes or ENDS were often difficult to interpret
because of high variance of the estimates in many instances
(table 1). Compared with youth ages 15-17, youth ages 12-14
had a lower initiation rate of cigarettes and ENDS from never
use as well as a higher rate of ENDS cessation. However, the HRs
comparing the two age groups for most transitions for youth did
not change significantly from 2015 to 2017 to 2017-2019 even
when the absolute transition rates did (figure 2). Thus, differ-
ences in transition probabilities over time for the two youth age
groups (figure 3A-D) reflected changing absolute transition rates
overall but stable relative transition rates.
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Figure 2 Transition hazard rates among adults and youth in 2015-2017 (waves 2—4) (A) and 2017-2019 (waves 4 and 5) (B). Values on the right-
hand side are the p-values for difference in rates between the two periods. This analysis includes 24 242 adults (ages 18-90 years) and 12 067 youth
(ages 12—17 years) in waves 2—4 of the Population Assessment of Tobacco and Health Study and 28 061 adults and 12 538 youth in waves 4 and 5.

Unlike for youth, HRs comparing adult age groups did change
for several transitions. For example, there was a statistically
significant increase after 2017 in the HR of transitioning from
non-current to ENDS-only use, with an HR of 9.48 (95% CI
5.48 to 16.4) for ages 18-24 vs 35-54 in 2015-2017 compared
with 22.2 (95% CI 14.0 to 35.2) in 2017-2019 (p=0.01 for
test of difference of means of the log HRs). The change in the
HR for transitions from never established use to ENDS-only use
for young adults (ages 18—24) versus middle-aged adults (35-54)
had a large point estimate but was not statistically significant,
with an HR of 20.5 (95% CI 4.59 to 87.6) for ages 18-24 vs
35-54in 2015-2017 compared with 82.2 (95% CI 13.3 to 509)
in 2017-2019 (p=0.12). Other HRs are given in table 1. The
changing HRs by age drove the statistically significant increase
in the probability of transitioning from non-current use to
ENDS-only use among ages 18-24, accompanied by a decrease
in the relapse to cigarettes (figure 3E,F). Specifically, for ages
18-24, the probabilities of transitioning from non-current use to
cigarette-only and to ENDS-only use, respectively, were 19.4%
(95% CI 16.5% to 22.3%) and 5.7% (95% CI 4.1% to 7.39%)
in 2015-2017 and 8.3% (95% CI 6.7% to 9.9%) and 11.8%
(95% CI 9.4% to 14.2%) in 2017-2019. For ages 35-54, these
transition probabilities were 4.9% (95% CI 3.9% to 5.8%) and
0.8% (95% CI 0.4% to 1.1%) in 2015-2017 and 2.9% (95% CI:
0.7% to 1.3%) and 0.7% (95% CI 0.4% to 0.9%) in 2017-2019.

The HR for ages 18-24 vs ages 35-54 for the transition from
dual use to ENDS-only use also increased (p=0.005) after 2017
from HR 1.32 (95% CI 0.64 to 2.71) to 5.48 (95% CI 2.40 to
12.5). These changes in the transition HRs resulted in differen-
tial changes in transition probabilities by age (figure 3). Young
adults (ages 18-24) who used both products became much more
likely to continue using both products (34.2% (95% CI 28.5%

to 39.9%) in 2015-2017 to 60.6% (95% CI 54.1% to 67.2%)
in 2017-2019), less likely to transition to cigarette-only use
(43.5% (95% CI 38.2% to 48.8%) to 15.2% (95% CI 10.6%
to 19.9%)) and marginally more likely to transition to ENDS-
only use (13.3% (95% CI 10.0% to 16.5%) to 20.3% (95% CI
15.0% to 25.7%)). Middle-aged adults (ages 35-54) who used
both products also became more likely to continue using both
products (40.1% (95% CI 34.7% to 45.5%) in 2015-2017 to
68.7% (95% CI 62.3% to 75.1%) in 2017-2019) and less likely
to transition to cigarette-only use (46.2% (95% CI 40.8% to
51.5%) to 26.5% (95% CI 20.8% to 32.29%)), but they became
less likely to transition to ENDS-only use (9.8% (95% CI 6.5%
to 13.1%) to 3.7% (95% CI 1.4% to 5.9%)).

Impact of age on transition rates

Spline estimates of transition rates as a function of age in years
rather than age group are given in figure 4. ENDS initiation or
relapse from never use, non-current use or cigarette-only use (to
dual use) occurred primarily among youth and young adults,
peaking in the late teen years. The rate of transitioning from
ENDS-only to non-current use was also higher among youth and
young adults, compared with older individuals. Other transitions
show comparatively smaller age differences. The transitions that
changed the most overall after 2017 were the ENDS-only to
non-current use, ENDS-only to dual use and dual to cigarette-
only use transitions; rates for each of these transitions decreased
for most ages (figure 4).

DISCUSSION
We estimated how patterns of initiation, cessation and tobacco
product switching changed between 2015-2017 and 2017-2019

4

Brouwer AF, et al. Tob Control 2023;0:1-10. doi:10.1136/tc-2022-057905



<
o
S
©
@
(%]
@
S
©
c
=)
=
o

panuiuo)

(085 03 95°L) Z5°6
(81'€ 03 19°0) 6€°L
(64501 ZT0) €L'L

(99'6 01 7°0) 20°C
(11’5 03 99°€) ZE'Y
(6€°5 03 80°'7) 69'F

(981 01¥9°0) L¥'€

*

*

(z5'1L 0 7Z°0) 19°0

(571 0187°0) 98'L
(58'70168°0) 65°L
(6€v 01 €9'L) £9°T

*
(71’1 01 €€°0) 190
(zLr0 01 Z€'0) 870

(88’7 01£1°0) 76'0
(920 01 €4°0) LSO
(58°0 01 €5°0) £9°0

(761 01 2¥°0) 06°0
(997 03 00°L) 91°C

*

M
(0zzorylL'L) 8L
(55101 16°0) 61°L

(657001 61°0) £€°0
(6571 01 GE°0) ¥L°0
(LezOrES0) TL'L

(98°€ 01 £6°0) €6°L
(59'6 01 LE€77) L9E

(¥8'€0111°0) 2L°0
(681 01 25°0) 66'0
(671 01 67°0) 58'0

(1271 0187°0) 00°L
(87T 68°0) £v'L
(8L€ 01 69'L) ZE€'T

*

(0z'L 01 £1°0) SL°0
(86°0 03 £1°0) 89°0

(eoLorzLo)zl'L

N
(9€71 01 £8°0) 90°L
(€71 03 68°0) L0°L

(z€'10197°0) 850
(€571 0105 °0) 88°0
(671 01 G5°0) €0°L

(€5°€ 03 2Z°0) £8°0

N
(9271 039£°0)9L'L
(L€1 01 68°0) 80°L

(9%°0 03 92°0) S€°0
(1670 01 ¥€°0) 55°0
(88°0 03 L£70) £LS°0

(0£'7017£°0) LE'L

(8471 0107°0) 650
(8%' 01 6€°0) 86'0
(051 01 Z€°0) 69°0
(197 01261L) L6'C

(L8101 1T°0) L9°0
(€80 01 1Z°0) L¥'0

(86'10325°0) LO'L
(L£'001€7°0) ZV'0

(0£°0 01 1Z°0) 8€°0
(19°0 03 92°0) 0¥°0

(S'1 01G8°0) LL'L
(¥S'1 0186°0) 2T'L

(01101 Z1°0) 9€°0
(¥S°0 01 11°0) SZ°0

(Ly'0 03 ¥Z°0) ¥E'0
(95°0 01 62°0) 0O7'0

(£81 03 6Z°0) 18°0
(91101 EF0) LLO

(¢7°€ 0169°0) ¥5'L
(vz'1 018°0) 820

(6€7701EL°0) TEL
(6571 0389°0) S0°L

(lr'zorzoL) LS'L
(SL'Zo STl ¥v9'L

(Sv'1L 01 16°0) 9L°L
(z8'L01€7°1) 67°L

(567 01 08°L) 86°C
(Lrvorel) vee

(6v'€ 01 ¥6'L) 09°C
(58°€ 01 8€7) 20'€E

(€'1901 L€°1) G6'8
(Lz1orzol) 8Ly

(LEG0118°0) LL'T
(90°'z 01 v8°0) TE'L

(r€'z0129°0) 0Z'L
(6€°1 01 87°0) 280

(r9€ 01 €€7L) 02T
(0z'€019v°1) 91°C

(S5'v 01 0Z°7) LL'E
(9£°€ 01 §9'1) 05°C

(96'L 01 ¥7L°L) 67°L
(ELzorprl) SL'L

(zsemovl) z'ee
(7’91 01 8%°S) 8¥'6

(Lzvorore) oze
(lz90199€) LL'Y

(605 01 €°€1) 778
(928 01 65°P) 10T

(505 03 Z€'1) 85T
(ezeoivl)eLe

(Lreor20L) ¥8'L
(ze01zT0) TVl

(L1'20160°0) £7°0

(71'6 01 19°0) G€°C

(€€°0 03 0Z°0) 92°0
(841 0150°0) 0€'0

(66°0 03 £0°0) 920
(16°0 02 80°0) 92°0

(£8'€ 01 85°0) 6/'L
(8T°€ 01 ¥7°0) 06°0
(551 0109°0) L6'0
(€8'1 01 /8°0) ST'L

(26’701 76°0) 99'L
(61701 97°0) 7L'L
(€171 01 95°0) 08°0
(€80 03 £1°0) 09°0

(SL'1L 01 1L£°0) 06'0
(7171 012£°0) 060

(G701 LL°0) €L°0
(L9°L 0 ¥7°0) 9571
(¢z1 01 18°0) LO'L
(17101 68°0) LO°L

(SL°5 031 06°0) 87T
(LS€ 01 67°0) 201
(57101 25°0) 1870
(29'10109°0) 86°0
(09'z0or8y°0) ZL'L

N
(£0°1 03 89°0) §8°0
(0L°L 03 €£°0) 06°0

(810} LL'L) WL
(18'zZ0161°L) €8°L
(9L'z0111°L) L6L
(617031 €9°1) 19°C

(951 03 Z1°0) 270
(29°L 01 $7°0) €9°0
(07201690) €T'L
(sezor6Z’L)VL'L

6107-L10T YinoA

£102-G10C YnoA
6107-L10T sHNpY
£102-S10Z SYnpY
lenp 03 SaN3
6107-L10C YnoA
£107-G10C YnoA
610¢-£10C sUnpy
£10¢-510C sUnpy
Juand-uou 0} SAN3
6107-£10T YinoA
£102-G10T YinoA
6102-L10T SYNpY
L102-S10T s}npvy
|enp 01 anasebi)
610¢—£10C YinoA
£107-610T YINoA
6107-L10T SYNpY
£102-S10T SYnpY

Jualind-uou 0} wtw\_mm_u

6107—£10Z YINoA
£107-510Z Yanox
6107—£10Z SHNpY
£107-510Z SHNpY
SAN3 01 JUBLINI-UON
6107—£10Z YINoA
L107-510Z Yanox
6107—£10Z SHNPY
L107-510Z SHNpY.

a11a1eb1d 0] JUaLINd-UON

6102—£10C YInoA
£107-510C YinoA
6107-L10T SHNPY
£10Z-S10Z SHnpY
SAN3 0} JoASN
6102-£10T YinoA
L£102-G10C YinoA
6107-L10T SHNpY
£102-510Z sHnpy
a)121e61d 0] JansN

9snh SAN3

Kjiep snsian Ajiep-uon

asn apaJebn Ajiep
snsian Ajiep-uop

ayym duedsiy
-UON SNsIaA djuedsiy

auym djuedsiy-uou

Snsian ype|q dluedsiy-uoy

sieak yg-g¢
s s1eak 06—GG by

sieak yg-G¢
s s1edk pg—Gz aby

sieak yg-G¢
s s1eak yz—g| aby

sieak /1-G1
sA siedh y|-z| by

3[ewWay SNSIAA 3B

S|9pow uonisues a1eIsi{NW 3|qeleARINW Ul 6107~ L0Z PU £107—5L0Z Ul YINOA pue synpe Joj syH a1eleno)

1 9|qeL

10.1136/tc-2022-057905

1-10. doi:

0

i

Brouwer AF, et al. Tob Control 2023



Original research

Continued

Table 1

Non-daily versus daily

ENDS use

Hispanic versus Non- Non-daily versus

Hispanic white

Non-Hispanic black versus

non-Hispanic white

Age 55-90 years vs

35-54 years

Age 25-34 years vs

35-54 years

Age 18-24 years vs

35-54 years

Age 12-14 years vs
15-17 years

daily cigarette use

Male versus female

Dual to cigarette

0.98 (0.69 to 1.41)

0.57 (0.41 to 0.80)
0.97 (0.59 t0 1.58)

0.98 (0.62 to 1.55)

1.17 (0.83 to 1.64)
1.11 (0.71 t0 1.74)

0.98 (0.76 to 1.26) 0.84 (0.64, 1.09)

1.18(0.90 to 1.57)
0.73 (0.47 to 1.14)

1.07 (0.87 to 1.32)
0.90 (0.63 to 1.26)

*

Adults 2015-2017

0.53 (0.36 t0 0.78)

0.99 (0.55 to 1.77)

1.42 (0.92 t0 2.19)

0.93 (0.60 to 1.46)

Adults 2017-2019
Youth 2015-2017

*

Youth 2017-2019

Dual to ENDS

*

0.87 (0.27 t0 2.82)
1.47 (0.49 to 4.40)

0.57 (0.16 t0 2.07) 0.91(0.48 t0 1.71)

1.62 (0.41 to 6.43)

0.94 (0.50 to 1.76)

1.32 (0.64 to 2.71)

0.98 (0.49 to 1.95)

Adults 2015-2017

3.70 (1.29 to 10.6)

1.20 (0.43 to 3.33)

0.65 (0.24 t0 1.76)

3.37 (1.28 to 8.89)

5.48 (2.40 to 12.5)

1.01 (0.55 to 1.87)

*

Adults 2017-2019
Youth 2015-2017

* —

*

Youth 2017-2019
Boldfaced values are statistically significantly different from 1.0 at level of significance 0.05.

*Estimate suppressed because of high variance (variance of log(HR) >1).

ENDS, electronic nicotine delivery system.

for different age groups of youth and adults. During the latter
period, there was an increase in ENDS sales driven by the uptake
of JUUL and other pod-based nicotine salt systems.” Consistent
with Pierce et al,'® we found that ENDS initiation was primarily
by youth and young adults, but our work also suggests that relapse
among youth and young adults not currently using cigarettes or
ENDS has shifted toward ENDS rather than cigarette use. More-
over, ENDS use became more persistent, both for those who
used ENDS only and those who used both products, consistent
with findings from Kasza et al."> However, among adults overall,
there has not been an increase in transitions from cigarette-only
to ENDS-only or dual use. Additionally, adults who used both
products were more likely to remain so (instead of transitioning
to cigarette-only use) and overall did not become more likely
to transition to ENDS-only use. However, there are important
heterogeneities in ENDS use across the adulthood spectrum,”
from young adult to middle-aged adult to older adult, with
young adults who had ever used cigarettes increasingly initiating
ENDS. At the same time, youth of all use categories became
more likely to transition to ENDS-only use, including those who
used both products.

Evidence from clinical trials has suggested the ENDS can be
used as a smoking cessation aid, which could have a potentially
large positive public health impact.’® However, evidence has
been mixed about whether ENDS facilitate smoking cessation
when used outside of a clinical trial context.”" We found little
evidence of large changes in the probability of adults who only
use cigarettes initiating ENDS or transitioning to ENDS-only use,
regardless of age group. Our previous analysis suggested that dual
use is a typical transitional step between cigarette-only and ENDS-
only use for those who do ultimately transition to full substitu-
tion of ENDS for cigarettes.'” Our results here show that adults
who used both products increasingly remained doing so and that
middle-aged and older adults did not become more likely to tran-
sition to ENDS-only use. Previous analyses of PATH Study data
have raised concerns about smoking relapse among those who use
ENDS,** %! which may suggest that continued nicotine addiction
through ENDS use promotes dual use. However, our analysis also
showed a decrease in the probability that youth or adults who use
ENDS only transition to either dual or cigarette-only use. So, while
most of those who used cigarettes only were not transitioning to
dual or ENDS-only use and those who used both products were
not transitioning to ENDS-only use, those who used ENDS only
were increasingly less likely to transition to dual or cigarette-only
use. Those who used ENDS only became more settled in their use
over time. There is substantial heterogeneity among people who
use both products,*' so future research should seek to better under-
stand how the ENDS initiation among people who use cigarettes
impacts frequency and intensity of smoking, as well as cessation.

There were large differences by age group among adults for
ENDS-related product use transitions, with transitions more
likely among younger adults. While middle-aged and older
adults did not become more likely to transition from dual
use to ENDS-only use, younger adults became more likely to
completely substitute ENDS for cigarettes. We also found little
evidence for increased ENDS initiation over time among adults,
with the exception of young adults; ENDS use among middle-
aged and older adults appears to be almost entirely among
those who ever used cigarettes. We also found that young adults
relapsing from non-current use were increasingly likely to use
ENDS rather than cigarettes. Our results emphasise that pooling
all adults together based on an age 18 cut-off masks critical,
public health-relevant heterogeneities in behaviour across the
adult developmental spectrum.

Brouwer AF, et al. Tob Control 2023;0:1-10. doi:10.1136/tc-2022-057905
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Figure 4 Transition rates as a function of age for ten transitions of interest (A-J). Points are observed rates for participants in small age ranges, and
the lines are continuous splines. Because overall transition rates depend on the persistence of each product use state, the vertical scale of each graph
depends on the starting use state. This analysis includes 24 242 adults (ages 18-90 years) and 12 067 youth (ages 12—17 years) in waves 2—4 of the

Population Assessment of Tobacco and Health Study and 28 061 adults and 12 538 youth in waves 4 and 5. ENDS, electronic nicotine delivery system.

Unlike among adults overall, there was an increase in ENDS
initiation among youth who had never established use, roughly
doubling the fraction of those initiating regular ENDS use in 1
year (to nearly 4% overall). Though not high and decreasing
over the time periods we considered, we did find some prob-
ability of youth transitioning from ENDS-only use to cigarette
use (only or dual); ENDS use became more persistent, but the
likelihood of transition to dual use did not increase. This result
is consistent with other work that has found no increase in youth
cigarette use,'” although lack of an increase does not mean that
ENDS are not slowing the decreasing trend in cigarette use.

Our results have important implications for both researchers
and regulators. Empirical studies of transitions at one time
period may not be relevant at another time period, and studies,
especially those that incorporate multiple years of data, should
consider whether their underlying transition rates may be time-
varying. For example, research developing model-based projec-
tions calibrated to transition rates estimated for specific years

may not provide good projections because of this time variation,
and so potential time variation should be recognised as a limita-
tion in modelling studies. Similarly, policy recommendations can
be based on both historical and the most recently available data,
accounting for previous changes over time as well as uncertainty
in how transitions may continue to change in the future.

The strengths of this analysis are in the high-quality, nation-
ally representative data of the PATH Study on both youth and
adults and in the multistate modelling framework that allows
observed transitions to be connected to underlying transition
rates. However, this work represents only a snapshot of tran-
sition behaviours in two time periods, 2015-2017 and 2017-
2019. It is unclear how transition behaviours will change after
this period, given the EVALI (e-cigarette or vaping use-associated
lung injury) outbreak of late 2019,* the COVID-19 pandemic,*
the shifts in the tobacco and nicotine product marketplace,’ *3*
the emerging restrictions on flavoured tobacco and ENDS prod-
ucts at the federal, state and local level,® *¢ and the Food and

8

Brouwer AF, et al. Tob Control 2023;0:1-10. doi:10.1136/tc-2022-057905



Original research

Drug Administration (FDA) decisions on millions of e-cigarette
product market authorisation applications. Moreover, because
the PATH Study is a longitudinal cohort study, some of the
changes in the transition rates may in part be due to individ-
uals settling into longer-term patterns. This concern should
be somewhat alleviated by the replenishment in wave 4 and
the ageing of shadow youth into the cohort. Other limitations
of the method include the lack of accounting for individuals’
longer-term product trajectories (Markov assumption) and our
inability to make causal inferences (eg, differences in cigarette
initiation between those who never established use and those
who use ENDS only may be caused by underlying demographic
differences in the two populations, not the ENDS use itself).
Additionally, while the model does account for the possibility of
multiple transitions between follow-up points, yearly data (and,
for adults in waves 4 and 5, every other year) are not sufficient
to capture shorter-term transitions in past 30-day use or the
dynamics of experimentation with smoking or vaping. We also
did not account for ENDS flavouring in this analysis.

Our work highlights both the difference in ENDS use patterns
by age, with uptake primarily among youth and young adults,
and in changes between 2015-2017 and 2017-2019, which may
be attributed to changes in the ENDS marketplace and the ability
of products to deliver nicotine.'® >’ Newer generations of ENDS
products have higher nicotine content without being unpalatable
and are more efficient at nicotine delivery, which likely explain
the increased persistence of ENDS use since 2017. However,
adults who use cigarettes and ENDS, particularly older adults
(ages 55+), appear to be at a higher likelihood of continuing
to use both products and not quitting cigarettes. Younger adults
(ages 18-24) who use both products were more successful over
time at transitioning to ENDS-only use, and young adults who
currently use neither product were increasingly relapsing to
ENDS rather than cigarette use. Youth who never established
use were initiating ENDS use more in 2017-2019 than in 2015-
2017, but this change does not appear to have increased smoking
initiation. Altogether, these results reveal a complicated picture
of the potential public health impact of ENDS in the USA.

While the long-term public health impact of ENDS remains to
be seen, it will be shaped by public perceptions of ENDS, changes
in the tobacco and nicotine product marketplace and marketing
strategies, and changes in the regulatory environment. Major
national public education campaigns led by the FDA and public
health advocacy organisations have highlighted the dangers of
ENDS use, while the ENDS industry has marketed their prod-
ucts’ purported benefits, influencing both youth and adult harm
perceptions of ENDS. The prevention of ENDS initiation among
those who have never used cigarettes is an important regulatory
goal, but so is the promotion of harm reduction among those
who currently use cigarettes who are not yet willing or able
to quit smoking completely. The US FDA has recently deemed
some tobacco-flavoured ENDS ‘appropriate for the protection
of public health’ while issuing market denial orders for most
flavoured ENDS products. These regulatory actions will impact
the availability of ENDS in the US marketplace and ultimately
impact transitions in tobacco and nicotine product use in the
future.
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