Nicotine and Tobacco Research, 2022, 24, 1756—1762

https://doi.org/10.1093/ntr/ntac 132

Advance access publication 19 May 2022

Original Investigation S RN[‘ OXFORD

The Impact of Current Tobacco Product Use Definitions on
Estimates of Transitions Between Cigarette and ENDS Use

Andrew F. Brouwer PhD"Z, David T. Levy PhD%*(, Jihyoun Jeon',
Evelyn Jimenez-Mendoza MSc', Luz Maria Sanchez-Romero PhD?{2, Ritesh Mistry PhD?3,
Rafael Meza PhD"

'Department of Epidemiology, University of Michigan, Ann Arbor, MI, USA
2Department of Oncology, Georgetown University, Washington, DC, USA
3Department of Health Behavior and Health Education, University of Michigan, Ann Arbor, MI, USA

Corresponding Author: Andrew F. Brouwer, PhD, Department of Epidemiology, University of Michigan, 1415, Washington Heights, Ann Arbor, M1 48109, USA;
Telephone: 734-764-7373; Fax: 734-764-3192; E-mail: brouweaf@umich.edu

Abstract

Introduction: Definitions of current tobacco and nicotine delivery product use vary and depend on frequency of use, established-use criteria,
and the product type. Previous research has not considered how transition rates between current use of different products depend on the cur-
rent use definition.

Aims and Methods: \We applied a multistate transition model to data on U.S. adults from waves 1-4 (2013-2017) of the Population Assessment
of Tobacco and Health (PATH) study. We estimated transition rates between never, non-current, cigarette, electronic nicotine delivery systems
(ENDS), and dual use states with and without established-use criteria (has smoked 100+ cigarettes in their lifetime; ever fairly regularly used
ENDS) and different frequency thresholds (1+, 10+, 20+, and 30 days of the past 30 days). We considered use below a frequency threshold as
either non-current use or a distinct, infrequent use category.

Results: \When treating use below a frequency threshold as non-current use, transition probability estimates were largely robust to the choice
of use frequency threshold, although sole ENDS users were more likely to transition to non-current use or dual use as the current use threshold
increased. Removing the established-use criterion for ENDS reduced the estimates of sole ENDS and dual users staying in their use state. When
treating infrequent use as a separate category, transition probability estimates were dependent on the use frequency threshold, particularly
transitions among the dual use states.

Conclusions: Product use definitions have important implications for assessing product use transitions and thus the public health implications
of cigarette and ENDS control strategies.

Implications: How we define “current use” of tobacco and nicotine delivery products changes our estimates of how individuals transition to,
between, and from different patterns of use. We show that the robustness of transition estimates to whether or not non-established users
are included as current users and to different frequency-of-use threshold depends in part on whether low-frequency users are categorized as
non-current users or as a distinct category. Our results emphasize the importance of intentional definitions of product use that reflect the larger
goals of public health and tobacco control.

Introduction Two considerations for measuring tobacco and ENDS use
are whether one wants to include established-use criteria and
what frequency threshold is used to denote current use. Many,
though not all, surveys of cigarette use include a question
about whether a participant has used at least 100 cigarettes in
their lifetime, and this question is often used as an established-
use criterion.” Because a fraction of users are experimenting
and may never become regular users, many analyses choose
to exclude not-yet-established users. In considering a fre-
quency threshold for current use, we understand that the
risks of infrequent tobacco use are different from frequent to-
bacco. However, these risks exist on a continuum. There is no
standard frequency threshold for the number of days used in
the past 30 days to distinguish current regular use from infre-
quent or non-regular use. Many studies use “any past 30-day”
use or “everyday or someday” use to define current use,? but
other thresholds, eg, “at least 10 out of the past 30 days,”

Individual use of tobacco and nicotine delivery products, in-
cluding cigarettes and electronic nicotine delivery systems
(ENDS), comes in a spectrum of frequency and intensity that
may vary over time. Different patterns of use are likely asso-
ciated with different magnitudes of health risk, but, as health
effects manifest after many years of cumulative exposure, it is
not immediately clear what cutoffs for current use behavior
are the most risk relevant. Accordingly, it is important that
we understand how sensitive our analyses are to definitions
of use. Understanding how patterns of use—and how people
transition between them—depend on our definitions and
categorizations will be essential for ultimately estimating
the public health impacts of tobacco and nicotine product
policies with confidence. Although ENDS are considered a to-
bacco product in the United States, they are not in many other
countries,' so we refer to them as nicotine products here.
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“daily” use, are also sometimes used. Although there may be
no one “right” definition, it can be challenging to compare
estimates across studies, and the choice of threshold could
result in over-or underestimation of meaningful product use.

The appropriate choice of criteria for established and reg-
ular use is likely to depend on the type of tobacco or nicotine
delivery product. In particular, ENDS use patterns differ from
those of cigarettes. A substantial proportion of ENDS use is
non-daily, with many reporting very infrequent, experimental,
or social use.*” Frequency of ENDS use depends on whether
users are also cigarette users, with current cigarette users using
ENDS moderately and former cigarette users more likely to be
using ENDS frequently or daily.”” Accordingly, it is not clear
that the established-use criteria and current-use thresholds
can or should be the same for cigarettes and ENDS. Previous
analyses have taken a wide variety of approaches to defining
ENDS use, many focusing on different frequencies of use’°
(eg, infrequent (1-5 days out of past 30) ENDS user, inter-
mediate (629 days) ENDS user, daily (30 days) ENDS user),
some on established versus experimental use or including
only established users!'"'? (eg, experimental ENDS user, estab-
lished ENDS user without cigarette use history, established
ENDS user with cigarette use history), some examining both
aspects'® (eg, experimental ENDS user, established some days
ENDS user, established everyday user), and some including
all current users regardless of frequency thresholds or estab-
lished use criteria'*'e.

Previous work has shown that tobacco and ENDS use
prevalence estimates are sensitive to these criteria.*'” While
estimates of initiation, cessation, and product switching are
also likely to depend on these criteria, it is not known how and
to what extent that is the case. Multistate transition models
are increasingly being used in the tobacco control literature
to estimate transition rates between different patterns of to-
bacco use from longitudinal data.!>!%16181° The advantage of
this approach is that all modeled transition rates can be simul-
taneously estimated, accounting for other possible transitions.
In this analysis, we use multistate transition models to esti-
mate transition rates among exclusive cigarette, exclusive
ENDS, dual, and non-current use in U.S. adults and how these
estimates change as a function of established-use criteria and
current-use frequency thresholds. We also investigate how the
extent of these changes differs depending on whether infre-
quent users (ie, those using at a frequency below the current-
use threshold) are classified as non-current, or whether their
use is considered to be a separate category of infrequent use.

This analysis focuses on the magnitude and direction of the
impact of product use definitions on point estimates of tran-
sition probabilities. Although there are confidence intervals
associated with each point estimate, focusing on whether
changing the results of the definition in a statistically signifi-
cant difference would suggest that we are testing the hypoth-
esis that the definitions impact the results as if the definitions
were a variable. That is not the case, and, we argue, not the
right approach. Instead, we concentrate on the more funda-
mental, specification question of the direction, and extent to
which the choice of definition impacts one’s conclusions.

Methods

Data and Tobacco Use State Definitions

We used data on adults in waves 1-4 of the Population
Assessment of Tobacco and Health (PATH) study with a
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wave 4 all-waves longitudinal weight, as appropriate for a
nationally (United States) representative longitudinal analysis
on these data.”® We focused on waves 1-4 because the un-
derlying transition rates were approximately constant over
this period,'? and transition rates changed with the increase
in JUUL and other ENDS use in 2018 (wave 5). With those
changes, it would have been more difficult to isolate the im-
pact of product use definitions. Because we focused on un-
derstanding the impact of definitions of use broadly rather
than specifically estimating and reporting results for specific
groups, we did not distinguish individuals by age, sex, race
and ethnicity, or other sociodemographic characteristics. The
time between waves was approximately 1 year. We restrict
the sample to participants who had complete information on
cigarette and ENDS use in more than 1 wave, since single
observations are uninformative for estimating transitions.
We assigned each PATH participant to a tobacco use state
in each wave for different combinations of established- and
current-use criteria for cigarettes and ENDS. We did not con-
sider other product use in our tobacco use state definitions,
eg, a never user is defined by never use of cigarette and ENDS,
regardless of cigar, smokeless, etc., use. (Use of other products
among never or non-current users of cigarettes or ENDS was
minimal: 1.4% used cigars in the past 30 days, 0.8% used
cigarillos, and 2.1% used smokeless.) Our established-use
criteria were “smoked at least 100 cigarettes in your lifetime”
for cigarettes and “every used ENDS fairly regularly” for
ENDS. For current use for each product, we used four dif-
ferent use frequency thresholds: 1+, 10+, 20+, and 30 days of
use out of the past 30 days. We also estimated transition rates
in models that considered infrequent use (ie, use under the fre-
quency threshold) as (1) non-current use and (2) a distinct cat-
egory of infrequent use. The definitions and categories of use
are summarized in Supplementary Figures S1 and S2. There
are five categories of use when infrequent users are considered
non-current users and 10 categories when infrequent use is
considered distinct from both non-current and frequent use.

Transition Modeling

We used a Markov multistate transition model to analyze the
underlying transition hazard rates.'”> A Markov multistate
transition model is a continuous-time, finite-state stochastic
process that assumes that transition rates depend only on
the current state and not on the length of time in the current
state, past states, or the overall transition history.?' In short,
a Markov multistate transition model estimates transition
hazard rates, that is, the instantaneous risk of transitioning
from one state to another. These transition hazard rates col-
lectively define the probabilities of being in each state at fu-
ture times, thereby connecting the model to longitudinal data
of the actual observed states. Specifically, given a matrix of
transition rates Q, the probabilities of an individual being in
each state at time 7 is given by the matrix P(¢) = exp(Ot). In
this analysis, we give the estimated cumulative 1-wave transi-
tion probabilities, P(1), displayed as heatmaps. Along a given
row, which corresponds to a starting tobacco use state, the
heatmap gives the probability of transitioning to each other
state or remaining in the current state after 1 wave.

Because estimating rates of rare transitions can result in
highly uncertain results and problems with optimization al-
gorithm convergence, not all direct transitions are allowed.!?
The adjacency matrices for the two types of models (that
differ in how infrequent users are classified) are shown in
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Supplementary Figures S3 and S4. In short, we generally allow
only initiation, discontinuation, or a change in frequency in
one product at a time.

Our models were implemented in R (v4.0), adapted from
the “msm” R package? to incorporate a complex survey
design.'?

Analyses

We compared the impacts of the established-use criteria and
current-use frequency thresholds in four specific analyses
summarized in Table 1. In short, we compare transition
probabilities when including or excluding non-established users
from the current-use categories for a fixed current-use threshold
and when comparing current-use thresholds for fixed established-
use criteria. We do this both for models that treat infrequent use
as (1) non-current use and (2) a category of use distinct from non-
current and frequent use. In each analysis, we use the estimated
transition rates to calculate the corresponding 1-year transition
probabilities. Note that in analyses 1 and 3, we do not consider
the situation where non-established cigarette users are excluded
from current use but non-established ENDS users are included;
we do not think that this combination is relevant.

Results

A distribution of the number of days of cigarette and ENDS
use reported (among users of each product) is given in
Supplementary Figure S5. Most users of either product report
using that product 30 out of the past 30 days. Participants
who used less than 30 days often rounded to the nearest 5 or
10 days used. A larger fraction of ENDS users than cigarette
users reported using fewer than 30 out of the past 30 days.

Analysis 1: Transition Probabilities Depend on
Established-Use Criteria in ModelsThat Treat
Infrequent Use as Non-current

In Figure 1, we present the heatmaps for 1-year transition
probabilities as we changed whether non-established users
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are included in the non-current or current use categories.
The current-use frequency threshold was set to “1+ days
out of the past 30 days”, akin to an “everyday or someday”
use definition. 95% CI bounds (Supplementary Figures S6
and S7) and a comparison of the underlying transition rates
(Supplementary Figure S8) are given in the Supplementary
material. Removing the established-use criterion for ciga-
rette users had only a minor impact on transition estimates.
Compared to excluding non-established cigarette users
from the current-use category (Figure 1, A and B), including
them as current users (Figure 1C) resulted in a minor de-
crease in the point estimate of the persistence (ie, prob-
ability of remaining in state) of exclusive cigarette use
(from 85.4% (95%CI 84.7%-86.0%) and 82.2% (81.4%-
83.1%) persistent in Figure 1, A and B to 80.6% (79.9%—
81.4%) persistent in Figure 1C). In contrast, removing the
established-use criterion for ENDS had a much larger im-
pact on transition estimates. Compared to excluding non-
established ENDS wusers from the current-use category
(Figure 1A), including them as current users (Figure 1B and
C) resulted in a larger decrease in the estimated persistence
of exclusive ENDS use (from 56.9% (53.8%-60.0%) per-
sistent in Figure 1A to 47.4% (44.7%-50.2%) and 49.2%
(46.2%-52.3%) persistent in Figure 1B and C) and dual
use (from 41.1% (38.7%-43.4%) persistent in Figure 1A
to 34.1% (32.4%-35.7%) and 33.6% (32.0%-35.3%) per-
sistent in Figure 1B and C). For exclusive ENDS users, this
reduced persistence was paired with an increase in transition
to noncurrent use (from 21.9% (21.7%-22.0%) in Figure
1A to 32.3% (32.1%-32.5%) and 29.0% (28.9%-29.1) in
Figure 1B and C, respectively), and, for dual users, it was
paired with an increase in transition to exclusive cigarette
use (from 44.9% (44.6%-45.3%) in Figure 1A to 54.1%
(53.6%-54.5%) and 53.7% (53.3%-54.1%) in Figure 1B
and C, respectively). Removing the established-use criterion
for ENDS also increased the estimated probability that ex-
clusive cigarette users would transition to dual use.

Table 1. Summary of Analyses in Terms of How Infrequent Use is Categorized, Whether Established Use Criteria are Used for Cigarettes and ENDS, and
What Current Use Frequency Threshold is Used to Distinguish Between ilfrequent and Frequent Use

Analysis  Category of Established uset Current use threshold
infrequent use
1 Non-current  a) Non-established cigarette users excluded, Non-established ENDS users excluded 1+ days out of past 30 days
use b) Non-established cigarette users excluded, Non-established ENDS users included
¢) Non-established cigarette users included, Non-established ENDS users included
2 Non-current ~ Non-established cigarette users excluded, and Non-established ENDS users excluded a) 1+ days out of past 30 days
use b) 10+ days out of past 30 days
¢) 20+ days out of past 30 days
d) 30 days out of past 30 days
3 Infrequent use a) Non-established cigarette users excluded, Non-established ENDS users excluded 30 days out of past 30 days
b) Non-established cigarette users excluded, Non-established ENDS users included
c) Non-established cigarette users included, Non-established ENDS users included
4 Infrequent use Non-established cigarette users excluded, and Non-established ENDS users excluded a) 10+ days out of past 30 days

b) 20+ days out of past 30 days
¢) 30 days out of past 30 days

fInclusion and exclusion refer to whether non-established users are considered current users or not. An established cigarette user has smoked at least 100
cigarettes in their lifetime, and an established ENDS user has ever used ENDS fairly regularly.


http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac132#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac132#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac132#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac132#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac132#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac132#supplementary-data
http://academic.oup.com/ntr/article-lookup/doi/10.1093/ntr/ntac132#supplementary-data

Nicotine and Tobacco Research, 2022, Vol. 24, No. 11

A Non-established cigarette users

excluded
Non-established ENDS users
excluded

1. Never use ey 20 1.1 03 0.1

2. Non-current use CER) 51 0.8 0.2

3. Excl. cigarette use 9.3 K3 1.1 4.3

4.Excl. ENDSuse 219 7.1 .14-1

5. Dual use 44 449 96 411

1759

B Non-established cigarette users
excluded
Non-established ENDS users
included

To 1. 2. 3. 4. 5.

Z¥) 40 0.7 03 041
1-wave
cumulative
transition
probability (%)
7.3 100
I75
50

323 86 474 11.7 | 30

0
54 n 6.4 341

16 04

9.2 kyva 1.3

C Non-established cigarette users

included

Non-established ENDS users

included
From To 1. 2

1. Never use
2. Non-current use
3. Excl. cigarette use
4. Excl. ENDS use

5. Dual use

1-wave
cumulative
transition
probability (%)

XY 1.3 7.3 g 100
— I75

o 50

290 89 492 128 | >

0
5.9 ! 6.8 33.6

Figure 1. Heatmaps for 1-year transition probabilities between tobacco product use states as we changed whether non-established users are included
in the non-current or current use categories and treating infrequent users as non-current. The current use frequency threshold was set to 1+ days out of

the past 30 days.

Analysis 2: Transition Probabilities Depend on
Current Use Frequency Thresholds in Models that
Treat Infrequent Use as Non-current

In Figure 2, we present heatmaps for 1-year transition
probabilities as we changed the current use frequency threshold
(1+, 10+, 20+, and 30 days out of the past 30) while treating in-
frequent use in the latter three simulations as non-current use.
95% CI bounds (Supplementary Figures S9-10) and a compar-
ison of the underlying transition rates (Supplementary Figure
S11) are given in the supplementary material. Estimated transi-
tion rates and probabilities were largely robust to changing the
current use threshold when infrequent use was considered non-
current use. The one possible exception was the transition from
exclusive ENDS to cigarette users. As the current use threshold
becomes stricter (moving from Supplementary Figures 2A-D),
exclusive ENDS users are slightly more likely to transition to
dual use (14.1% (12.6%-15.6%) in Supplementary Figure
2A to 17.4% (15.5%-19.4%) in Supplementary Figure 2D),
indicating the more frequent exclusive ENDS users were more
likely to start using cigarettes (note that these exclusive ENDS
users may have been former cigarette users).

Analysis 3:Transition Probabilities Depend on
Established-Use Criteria in Models That Treat
Infrequent Use as a Distinct Category

In Supplementary Figure S12, we present heatmaps for
1-year transition probabilities as we changed whether non-
established users are included in the non-current or current
use categories while treating infrequent use as a distinct

category of use. 95% CI bounds (Supplementary Figures
S13-14) and a comparison of the underlying transition rates
(Supplementary Figure S15) are given in Supplementary mate-
rial. For this analysis, the current-use frequency threshold was
set at “30 days in the past 30 days,” akin to distinguishing
someday or non-daily users from everyday or daily users. This
choice of frequency threshold is provided as an illustration
that is motivated by the distribution of reported days used
(Supplementary Figure S5), in which most users indicate using
30 out of the past 30 days.

Treating infrequent use as a distinct pattern of use re-
vealed different patterns for frequent and infrequent users.
Infrequent exclusive cigarette users were almost equally likely
to transition to non-current and frequent exclusive cigarette
use, with only minimal changes with the exclusion criteria
(state 3 in Supplementary Figures S12A-C). Frequent exclu-
sive cigarette users largely persisted in their use, regardless
of exclusion criteria (row 4). Similarly, infrequent exclusive
ENDS users mostly transitioned to non-current use (state 5),
with a smaller but substantial fraction transitioning to fre-
quent exclusive ENDS use. Frequent exclusive ENDS use was
more persistent than infrequent exclusive ENDS use but less
persistent than frequent exclusive cigarette use (state 6). All
of the dual use categories were comparatively transient (states
7-10), with transitions to other dual use categories or to fre-
quent exclusive cigarettes common.

Unlike in analysis 1 where all frequencies of use were
combined, here, where we distinguish between 1-29-day
users vs 30-day users, the transition probabilities were
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Figure 2. Heatmaps for 1-year transition probabilities between tobacco product use states as we changed the current use frequency threshold and
treating infrequent users as non-current. Non-established cigarette and ENDS users are considered never users of that product.

largely robust to changes in the established-use criteria.
Previously, removing the established-use criterion for
ENDS resulted to decreased estimates of persistence.
Here, removing it made little difference to the persistence
estimates of frequent exclusive ENDS use (61.1% (57.5%—
64.6%) in Supplementary Figure S12A to 59.0% (55.5%—
62.6%) and 60.3% (59.0%-63.9%) in Supplementary
Figure S12B and C). Similarly, we see only minor changes
in the persistence estimates of infrequent exclusive ENDS
use (21.1% (16.4%-25.8%) in Supplementary Figure S12A
to 18.7% (16.1%-21.4%) and 17.3% (14.1%-20.6%) in
Supplementary Figure S12B and C), although we did see a
larger decrease in transitions to frequent exclusive ENDS
use and an increase in transitions to non-current use (from
43.4% (43.3%-43.5%) to 53.2% (53.0%-53.4%) and
51.7% (51.7%-51.8%)). Consistent with the previous
model, this latter result indicates that never regular, infre-
quent users are more likely to discontinue use.

Analysis 4: Transition Probabilities Depend on
Current Use Frequency Thresholds in ModelsThat
Treat Infrequent Use as a Distinct Category

In Supplementary Figure S16, we present heatmaps for
1-year transition probabilities as we changed the current
use frequency threshold, while treating infrequent use as a
distinct category. 95% CI bounds (Supplementary Figures
S17-S18) and a comparison of the underlying transition
rates (Supplementary Figure S19) are given in the supple-
mentary material. Transitions patterns were not robust to

changes in the current use frequency thresholds, particularly
for infrequent use categories. As we increased the current use
threshold, thereby moving more users from the frequent to
infrequent use states, the persistence of infrequent exclusive
cigarette use increased (from 32.6% (29.1%-36.1%) with a
10+ day threshold (Supplementary Figure S16A) to 47.2%
(45.2%-49.2%) with a 30-day threshold (Supplementary
Figure S16C)). Transitions to both non-current use and fre-
quent exclusive cigarette use decreased in parallel with the
increased threshold. This result indicates that persistence
increases with the frequency of cigarette use. As we increased
the current use threshold for ENDS use, the persistence of
infrequent exclusive ENDS use also increased (from 14.7%
(9.8%-19.5%) with a 10-day threshold (Supplementary
Figure S16A) to 21.1% (16.4%-25.8%) with a 30-day
threshold (Supplementary Figure S16C)), though not as dra-
matically as for cigarette use. The dual use categories ex-
cept for frequent use of both products were estimated to be
more persistent with a higher use threshold; persistence of
states 7=9 was 6.1% (0.0%—13.8%), 15.6% (7.6%—23.7%),
and 15.9% (13.2%-18.6%) for the 10+ days threshold
(Supplementary Figure S16A) and 9.5% (5.8%-13.2%),
25.0% (19.6%-30.4%), and 24.0% (21.2%-26.7%) for the
30-day threshold (Supplementary Figure S16C). Persistence
of the frequent use of both products decreased with the
increasing threshold (state 10, from 27.9% (24.6%-31.1%)
in Supplementary Figure S16A to 11.5% (8.3%-14.7%) in
Supplementary Figure S16C). These results indicate that use
of both products frequently is not a persistent pattern of use.
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However, changing the threshold of current use largely im-
pacted only the transitions among the dual use categories and
had comparatively less of an effect on transitions to single
product use (states 3—6).

Discussion

This analysis demonstrated how estimates of transitions be-
tween different patterns of cigarette and ENDS use depend on
(1) whether the definition of current use is restricted to estab-
lished users and (2) the use frequency threshold used to define
current use. We also found that the robustness of transition
estimates to these definitions depended on whether we treated
infrequent use (ie, using fewer days than the current use fre-
quency threshold) as non-current use or as a distinct category
of use. When we treated infrequent use as non-current, tran-
sition estimates are less robust to the established use criteria
(when using a 1+ days frequency threshold) and more robust
to the current threshold of use. When we treated infrequent
use as a distinct category of current use, we found the oppo-
site: estimates were more robust to the established use criteria
(using a 30-day frequency threshold) and less robust to the
current threshold of use.

Our findings indicate that non-established ENDS users
are, not surprisingly, less likely to persist in their use than
established ENDS users. However, we do not see as great of
an effect for cigarette users. This result shows that while the
100+ lifetime cigarette criterion affects prevalence estimates,*
it does not substantially affect transition estimates. The
differences in the impact of the established use criterion be-
tween the products may be related to the products themselves
or to the definition of established use. While the 100+ lifetime
cigarette threshold for established use has long been used by
the field, ENDS were still relatively new in 2013-2017, and
there is no clearly agreed on comparable measure for ENDS
use. In the PATH data, information is available on whether
participants “ever fairly regularly used ENDS.” It is not clear
how analogous this criterion is to the 100+ lifetime cigarette
criterion.

Previous analyses of tobacco product transitions have
taken a variety of approaches to defining current ENDS
use, from including all users but distinguishing multiple
frequencies of use*®*’ to distinguishing between experi-
mental and established users butincluding all frequencies,'"'?
to distinguishing between daily and non-daily experi-
mental and established users'? to including all past 30-day
users.'#!¢ Coleman et al.s®® use of “infrequent” to indicate
0-2 days per month, “moderate” as someday use more
than 2 days per month, and “frequent” users as daily users
set a precedent that several other authors have followed.
However, these categories have not been standardized; in
the broader literature, daily or everyday versus non-daily or
someday distinctions are common, but various studies have
described lowest frequency of use categories as lesser than
or equal to 4,2 lesser than or equal to 5'%?* or lesser than
or equal to 10% days per month and daily or frequent use
categories defined as 15+,%6, 20+,'9242527.28 or 254+ days®?
when using a past 30-day definition. While variations in
criteria can highlight subtleties in the data, they also limit
comparability between studies. While we would ideally like
our categorizations to reflect behavior and health impacts,
there is likely no one correct answer because of the con-
tinuous nature of exposures. Practical concerns, including
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distributions of frequency of use” and established use may
also be relevant to ensuring analyses are well powered.
Moreover, ENDS users are known to self-titrate to achieve
desired nicotine intake,’® so that use patterns may depend
on ENDS device characteristics, although self-titration may
impact number of uses per day more than the number of
days used per month. Ultimately, further research is needed
to understand, define, and validate measures of established
ENDS use.

We found that infrequent use was less persistent than fre-
quent use, for both cigarettes and ENDS. Infrequent exclu-
sive cigarette users were about equally likely to transition to
non-current use or to frequent exclusive use, whereas infre-
quent exclusive ENDS users were most likely to transition
to non-current use. Similar results have been shown for the
PATH data using different methods.® Distinguishing between
infrequent and frequent use of both products as part of dual
use did not reveal many clear, consistent patterns, and the
transition estimates changed substantially with the current
use threshold. These findings indicate that many dual users
may fluctuate in the frequency of their use of both products.
We did note that infrequent use of both products (particu-
larly <10-day, Supplementary Figure S16A) and frequent use
of both products (particularly 30-day, Supplementary Figure
S16C) showed particularly transient patterns of use, which
may offer insight into which users are most likely to change
their patterns of use and thus how to target intervention
efforts.

It is unclear whether our results for ENDS will hold for
future waves of the PATH study. The data used in this study
were collected from 2013 to 2017, largely before the wide-
spread use of pod-based ENDS?! and prior to disposable
systems.’> One limitation of our methods is that it does
not directly consider participants’ full tobacco product use
histories. Furthermore, our non-current use category captured
short-term abstinence rather than longer-term cessation and
did not distinguish between the types of products previously
used. Because we were focusing on the impact of use criteria,
we did not adjust for sociodemographic factors, although
these should be incorporated when estimating transition rates
for specific groups.'?

Product-use definitions affect our assessment of tobacco
and nicotine delivery product use transitions and thus will
similarly influence our estimates of the public health impact
of cigarette and ENDS control strategies. Here, we found that
the robustness of our transition estimates to established and
current-use criteria depended on whether infrequent use was
treated as non-current use or as a separate category of use.
Future analyses of transitions should be cognizant of the po-
tential sensitivity of their results to the definitions of use and
interpret them accordingly.
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