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Abstract

The Family Smoking Prevention and Tobacco Control Act provided the U.S. Food and Drug
Administration (FDA) authority to regulate tobacco products using a population health standard.
Models have been developed to estimate the population health impacts of tobacco initiation,
cessation, and relapse transitions. Models should be informed by high quality, longitudinal data to
estimate these constructs. Simulation studies have generated data to predict the impact of various
tobacco control interventions, including the influence of regulations on tobacco use behaviors and
health. The purpose of this paper is to provide a high-level conceptual overview for understanding
tobacco transition behaviors and correlates of these behaviors using data from the Population
Assessment of Tobacco and Health (PATH) Study, a U.S. nationally representative longitudinal
tobacco study of about 46,000 persons aged 12+ years. The papers that follow in this journal issue
build and expand on this conceptual overview using data from the first three waves of the PATH
Study. These papers describe use patterns of different tobacco products and their correlates, and
can serve as foundations for more in-depth papers that will help the research community better
understand the population health impacts and drivers of different tobacco use patterns.
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INTRODUCTION

Cigarettes remain the predominant type of tobacco product used in most countries, although
the scope of tobacco products available today has expanded and includes non-cigarette
tobacco products such as electronic nicotine delivery systems (ENDS), hookah (waterpipe),
cigars, and smokeless tobacco products.(1-9) However, in some countries like India and
Bangladesh, smokeless tobacco use exceeds cigarette use, and hookah use is particularly
high in Vietnam, Egypt, Turkey, the Russian Federation, and Ukraine.(1) However, cigarette
smoking accounts for the overwhelming majority of tobacco-related disease and death in the
world;(10) quitting cigarette smoking reduces the risk of cancer, heart disease, and other
diseases, and reduces the risk of dying from smoking-related causes.(11,12)

Countries around the world have taken steps to address the public health harms caused by
tobacco products. Most countries have ratified the World Health Organization Framework
Convention on Tobacco Control (WHO FCTC), a treaty that provides comprehensive
provisions to nations to adopt policies to address tobacco use.(13) In the United States
(U.S.), the 2009 Family Smoking Prevention and Tobacco Control Act provided the U.S.
Food and Drug Administration (FDA) authority to regulate the manufacturing, marketing
and distribution of tobacco products using a standard based on population health,(14) unlike
the ‘safe and effective’ standard for most other drugs and medical devices regulated by FDA.
A population health standard includes health impacts not only on tobacco product users, but
also on never users and former users to provide an understanding of impacts on the
population as a whole. For example, FDA has sought input on the potential public health
benefits and any possible adverse effects of lowering nicotine in cigarettes,(15) and FDA
would need to consider scientific evidence to assess whether this action meets the population
health standard.

Simulation models have generated data to predict the impact of various tobacco control
policies on tobacco use behaviors and health.(16-18) Underlying any model or assessment
of the scientific evidence for regulating according to population health standards relies on
understanding the scope of tobacco use in the population and how tobacco use changes over
time, including trajectories within product type and movement between product types.
Previous studies have considered two-product models to estimate the health impacts of
tobacco initiation, cessation, and relapse (19), often using cigarettes and ENDS (20,21) to
assess product transitions. The PATH Study offers the opportunity to study numerous
transitions between specific products and for overall tobacco use with high quality
longitudinal data in a nationally representative US sample.

This paper provides a brief description of the PATH Study and its role in the tobacco
research and policy landscape. Specifically, we outline a high-level conceptual overview to
guide thinking about three broad transition behaviors: 1) initiation of tobacco use among
non-users; 2) cessation of use among current users; and 3) relapse back to tobacco use
among former users. These transition behaviors can apply to several different types of
tobacco products (4-9) and may be influenced by a set of demographic and tobacco use
correlates (22-24). The papers that follow in this journal issue use this overview for different
tobacco products among youth 12-17 years of age, young adults 18-24 years of age, and
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adults 25 years of age and older. These papers are a starting point that will serve as a
foundation for more in-depth future papers addressing factors and use patterns that are most
important for population health.

OVERVIEW OF TOBACCO USE TRANSITIONS FOR POPULATION HEALTH

Figure 1 depicts three mutually exclusive and exhaustive tobacco user states: never, current,
and former. User states can pertain to tobacco use in general or specific types of tobacco
products. While many different types of behavioral transitions can be examined, the arrows
in the figure represent three broad transitions: initiation, which is moving from the never
user state to the current user state; cessation, which is moving from the current user state to
the former user state; and relapse, which is moving from the former user state to the current
user state. Although the figure shows these broad transitions assessed discretely between two
time points, in reality they occur continuously, so repeated assessments longitudinally are
needed to understand behaviors over time. Initiation, cessation, and relapse may repeat over
multiple time points to produce longitudinal patterns of tobacco product use/non-use.

In addition to the broad transitions between initiation, cessation, and relapse of any tobacco
product or for one specific product (e.g., cigarette smoking cessation), individuals may also
switch between product types (e.g., cigarettes to ENDS), and transitions can be
characterized in several patterns that are illustrated across more than two time points. Five
papers in this issue present data on patterns of transitions across Wave 1 (W1), Wave 2 (W2)
and Wave 3 (W3) of the PATH Study. Taylor et al. present data on transitions among current
users of cigarettes,(5) Stanton et al. present data on transitions among current users of
ENDS,(6) Sharma et al. present data on transitions among current users of hookah,(7)
Edwards et al. present data on transitions among current users of cigars,(8) and Sharma et al.
present data on transitions among current users of smokeless tobacco products (9).
Additionally, Stanton et al. present data on transitions among never users of tobacco
products(4). These papers also address whether tobacco use refers to one type of tobacco
product (exclusive tobacco product use) or to two or more types of tobacco products
(polytobacco use), which allows for more complex transition patterns to be considered, as
introduced in Table 1 below and described in detail in each of these six papers (4-9).

For each of these product-specific papers, (4-9) we consider whether polytobacco use
includes cigarette use because of the prevalence and harmfulness of cigarette use.(27) In
each of these papers, we highlight patterns of transitions based on supporting supplemental
material that provides information on a large array of mutually exclusive and exhaustive
categories at each time point that the research community can use as a resource, such as to
inform future analyses on other transitions and trajectories.

In addition to the importance of describing tobacco use patterns longitudinally, it is equally
important to understand what drives transition behaviors, particularly factors that may be
modifiable or useful for targeting interventions. Figure 1 shows that the broad transitions of
initiation, cessation, and relapse can occur in steps (denoted by showing two arrows between
user states); for example, cigarette smoking cessation is composed of moving from being a
current smoker to making a quit attempt to succeeding in a quit attempt. Three papers in this
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issue describe correlates of the broad transitions of initiation,(22) cessation,(23) and
relapse(24) for each type of tobacco product, along with correlates of steps within each of
these transitions over a one-year timeframe using data from W1 to W2 and from W2 to W3
of the PATH Study. Table 2 lists the individual-level initial correlates considered in this issue
for each of the broad transitions and steps within them, though other factors at the
environment-level, product-level, etc. may also relate to transition behaviors or interact with
individual-level correlates to affect transition behaviors.

As with the papers in this supplement that report on patterns of transitions over three time
points (4-9), the papers focused on correlates (22—24) in this supplement can also serve as
building blocks for future papers. They provide only an initial look at some of the
demographic and tobacco use factors that may influence tobacco use transitions.

THE PATH STUDY

The PATH Study is a nationally representative longitudinal tobacco use study of about
46,000 Americans ages 12 years and older. In 2011, the National Institute on Drug Abuse
(NIDA), National Institutes of Health (NIH), and the Center for Tobacco Products (CTP) at
FDA launched the PATH Study to generate longitudinal epidemiologic data on tobacco use
behaviors among the U.S. population of youth and adults.(25) Data were collected from
September 12, 2013 through December 14, 2014 (Wave 1, W1), from October 23, 2014
through October 30, 2015 (Wave 2, W2), and from October 19, 2015 through October 23,
2016 (Wave 3, W3), using audio computer-assisted self-interviews (ACASI) administered in
English or Spanish, with future waves of data collection planned through 2024. At W1, the
weighted response rate for the household screener was 54.0%, and the overall weighted
response rate was 74.0% for the adult interview and 78.4% for the youth interview. At W2,
the overall weighted response rate was 83.2% for the adult interview and 87.3% for the
youth interview, and at W3 it was 78.4% for the adult interview and 83.3% for the youth
interview. Further details regarding the PATH Study design and W1 methods are published
elsewhere.(25) Details on interviewing procedures, questionnaires, sampling, weighting,
response rates, and accessing the data are described in the PATH Study Restricted Use Files
User Guide at https://doi.org/10.3886/Series606.(26) The study was conducted by Westat
and approved by the Westat Institutional Review Board. All respondents ages 18 and older
provided informed consent, with youth respondents ages 12 to 17 providing assent while
each one’s parent/legal guardian provided consent.

THE PATH STUDY IN THE CONTEXT OF OTHER LARGE SCALE TOBACCO
DATA COLLECTION SYSTEMS IN THE UNITED STATES AND
INTERNATIONALLY

While the PATH Study is a nationally representative U.S. study designed to inform FDA’s
tobacco regulatory activities, it has design features that complement other large scale
tobacco data collection systems. Differentiating features for the PATH Study include: 1)
longitudinal design for both tobacco users and non-users; 2) depth and breadth of
information about a wide array of tobacco products; and 3) collection of biospecimens
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longitudinally in addition to questionnaire data. Below is a brief description of selected
international and U.S. tobacco surveys and studies designed to be representative of some
geographic areas.

Internationally, the Global Adult Tobacco Survey (28) and the Global Youth Tobacco Survey
(29) are standards for systematically monitoring and tracking tobacco use and tobacco
control indicators cross-sectionally using a standard protocol, as part of the global effort to
reduce tobacco smoking outlined in the WHO FCTC.(13) These surveys are intended to
create nationally representative estimates for each country, but also to allow data between
countries to be compared.

The International Tobacco Control Policy Evaluation Project (30) collects longitudinal data
in 25+ countries primarily from tobacco users with a focus on policy evaluation guided by
WHO FCTC domains. A similar survey design is used in each country for the primary
purpose of evaluating proximal and distal policy effects by comparing both pre/post
intervention in a given country as well as to other comparison countries where no such
policy was implemented.

In the U.S., many national data systems exist but most are cross-sectional, not designed to
assess tobacco policies or regulations, or do not collect biospecimens. Data systems like the
National Health Interview Survey,(31) National Survey on Drug Use and Health,(32) and the
Tobacco Use Supplement to the Current Population Survey (TUS-CPS)(33) provide
national-level estimates of tobacco use for some products, and TUS-CPS allows for state-
specific estimates.

Surveys like the National Youth Tobacco Survey (34) and the previously conducted National
Adult Tobacco Survey (35) are cross-sectional and provide national and state data on
tobacco use to evaluate comprehensive tobacco control program activities. The Monitoring
the Future (36) survey is a cross-sectional school-based survey like the National Youth
Tobacco Survey and allows for national estimates with a particular focus on drug use
behaviors. The National Health and Nutrition Examination Survey (37) is a nationally
representative cross-sectional in-person survey that includes a very detailed health
assessment, physician examination, and biomarkers that has a relatively limited assessment
of tobacco use behaviors. The Behavioral Risk Factor Surveillance System uses telephone
surveys to collect data at the state and local levels regarding health-related risk behaviors,
chronic health conditions, and use of preventive services, though it has relatively limited
tobacco use assessments (38).

The PATH Study blends many of the desirable design features of these studies to serve its
role in informing the regulatory activities of FDA’s CTP. While the PATH Study is designed
for this regulatory purpose, the data are rich and informative to tobacco control investigators
internationally to better understand what products people are using and why and to what
effect.
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HOW CAN THE DATA FROM THE PATH STUDY BE USED BY THE
RESEARCH COMMUNITY?

The PATH Study is relevant and important to a broad international audience in the following
3 areas: 1) the role of FDA tobacco regulation in areas that have international relevance; 2)
the larger area of tobacco policy research; and 3) methods and epidemiologic research. The
PATH Study is designed with FDA tobacco regulation needs in mind. Results from the
PATH Study could provide scientific evidence for FDA regulatory actions, such as
rulemaking and estimating the potential effect of regulations over time, or for help with
public education campaigns, for example. Work from the PATH Study before and after the
sale of new tobacco products are permitted in the US or tobacco product design standards
are implemented, for example, can benefit those in other countries with or considering
similar policies.

The PATH Study can also be used to assess tobacco policies such as restrictions on tobacco
product advertising (39) or home smoking policies.(40) In addition, data on the baseline
state of residence of PATH Study participants can be linked to other policy-relevant data,
such as tobacco price data, to better understand how these policies outside of FDA’s
regulatory scope impact behavior.

Furthermore, as a large-scale longitudinal study, there is a tremendous amount of
information that can be used for new measures development and epidemiological studies
with far-reaching relevance. For example, measures of dependence have been validated for
different tobacco products (41). Further, PATH Study analyses of tobacco use in specific
subpopulations such as sexual, gender, or racial/ethnic minorities, those who use illicit
substances, or those with mental health disorders can further our understanding of how and
why tobacco use evolves in these populations.

FUTURE DIRECTIONS

The conceptual overview presented here can be expanded, and additional empirical work can
build on the data presented in the papers in this issue, incorporating more details that are
important to understanding tobacco use behaviors. For example, measures of tobacco
product use frequency, intensity, as well as biomarkers of harm can be added to better
understand how behavior is related to health. Furthermore, additional correlates can be
examined, particularly in the context of natural experiments where some policy or
intervention is adopted in some place(s) but not others, to better understand what factors
drive observed tobacco use patterns. For example, state-identifier data can be used to study
the impact on tobacco transition behaviors of state-level restrictions on the sale of menthol-
flavored tobacco products, although geocoding of data for assessment of local policies is not
available to protect respondent confidentiality. As additional waves of data are collected, the
PATH Study can provide increasingly powered, detailed data to estimate parameters. The
PATH Study data are available to the research community through the National Addiction
and HIV Data Archive Program (https://doi.org/10.3886/Series606)(26) and we encourage
investigators to use the data to address tobacco research questions.
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. Models have been developed to estimate the population health impacts of

. Models should be informed by high quality, longitudinal data to estimate

. We provide a high-level conceptual overview for understanding tobacco

What this paper adds

tobacco initiation, cessation, and relapse transitions.

these constructs.

transition behaviors and correlates of these behaviors using data from the
Population Assessment of Tobacco and Health (PATH) Study, a U.S.
nationally representative longitudinal tobacco study of about 46,000 persons
aged 12+ years.
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Figure 1: Overview of Broad Tobacco Use Transitions for Population Health
Figure notes. Population-level depiction of 3 mutually exclusive and exhaustive tobacco user

states (i.e., never, current, former), 3 broad behavioral transitions among tobacco user states
(i.e., initiation, cessation, relapse), each of which is composed of a set of arrows reflecting
steps in the process of moving from one user state to another (e.g., cessation could include
attempting to quit and successful quitting among attempters), correlates of behavioral
transitions, and how these interact to produce changes in health indicators. Transitions in
user states and changes in health indicators are assessed among individuals but reflect
population-level health when aggregated together.
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Table 1.

Patterns of tobacco (product) use/nonuse occurring over multiple time points

User state Pattern Definition
Persistent use Use across all time points
Discontinued use Use to no use

Relapse/Reuptake of use Use, to no use, to use
Current/former users  Transition to PTU Exclusive use to PTU

Transition to exclusive use  PTU to exclusive use

Switching Exclusive use to different product use

Inconsistent PTU PTU, to no PTU, to PTU

Persistent never use Never use across all time points
Never users .

Initiate use Never use to new use

Notes: PTU = polytobacco use; definitions may include multiple patterns across time points, for example, discontinued use includes the use, to no
use, to no use pattern, as well as the use, to use, to no use pattern; user states and patterns of use can refer to various frequencies of use, for
example, current use can refer to past 30-day use or daily use, new use can refer to experimental use or regular use
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