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Summary
Surveillance of e-cigarette use among different population groups is important for the timely implementation and
evaluation of tobacco regulatory policies. In this review, we identified 13 nationally representative, repeatedly con-
ducted epidemiologic surveys that assess e-cigarette use among U.S. youth and/or adults and have been instrumental
in e-cigarette surveillance. These surveys included National Youth Tobacco Survey, Youth Risk Behavior Surveillance
System, Monitoring the Future Survey, International Tobacco Control Policy Evaluation Project (ITC) Youth Tobacco
and Vaping Survey, Behavioral Risk Factor Surveillance System, National Health Interview Survey, Tobacco Use
Supplement of the Current Population Survey, Health Information National Trends Survey, Tobacco Products and
Risk Perception Surveys, ITC Four Country Smoking and Vaping Survey, National Health and Nutrition Examination
Survey, National Survey on Drug Use and Health, and Population Assessment of Tobacco and Health. These surveys
vary in scope and detail, with their unique strengths and the regulatory questions that can be answered using each
survey data. We also highlighted the gaps in these surveys and made recommendations for improvement.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Background
Smoking remains the leading cause of preventable
deaths worldwide and in the United States (U.S.), ac-
counting for nearly 1 in 5 deaths each year in the U.S.1,2

Over the last several years, there have been appreciable
gains in tobacco control as the smoking rates among
U.S. youths and adults have significantly decreased.3,4

Surveillance of population behavior related to tobacco
product use has been instrumental in reducing tobacco
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use, as it provides information used by local, state, and
national governmental and nongovernmental organiza-
tions to effectively identify needs, and design and
implement policies. Ongoing surveillance, therefore,
remains critical for the timely implementation and
evaluation of new tobacco regulatory policies.5

Under the Tobacco Control Act, the U.S. Food and
Drug Administration (FDA) has regulatory authority
over the manufacturing, marketing, and distribution of
all tobacco products to safeguard population health.6

Similarly, states and local governments also have the
authority to regulate tobacco products as they deem
appropriate for the protection of public health.7 The
FDA and other regulatory bodies rely on high-quality,
up-to-date, population-representative data to carry out
1
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these duties effectively. Additionally, if repeatedly
collected with the same methodology or among the
same population, such data can provide reliable infor-
mation on changes in tobacco-related population
behavior with time and can be used to evaluate the
impact of policy changes.

Electronic cigarettes have significantly changed the
tobacco landscape since their introduction into the U.S.
market in the mid-2000s.8 While their use among adults
who smoke combustible cigarettes is reported to aid
smoking cessation and reduce the number of cigarettes
smoked per day,9,10 their uptake by youth, young adults,
and other tobacco-naïve persons is an ongoing
concern.11 Under the 2016 “Deeming Rule”, e-cigarettes
are considered tobacco products; hence, their
manufacturing, marketing, and sales are regulated by
the FDA.12 As part of its regulatory role, the FDA has
required the Premarket Tobacco Product Application
(PMTA) for all e-cigarettes that were introduced after
2007 and are currently on the U.S. market, in order to
issue marketing authorization that would allow them to
continue their sales in the U.S.13 While e-cigarette
companies are responsible for providing data support-
ing their applications, independent epidemiologic sur-
veillance can provide a comprehensive, independent,
and reliable tool to help weigh the associated net bene-
fits and drawbacks of e-cigarettes. For example, the
utilization of e-cigarettes among persons who smoke
combustible cigarettes to aid smoking cessation versus
their use by tobacco-naive individuals, can be assessed
and carefully weighed using epidemiologic surveillance.
Moreover, understanding the usage patterns of e-ciga-
rettes and the risks associated with such patterns is
essential for protecting public health while providing the
needed information on use differences among key
populations in the U.S., including youth and other at-
risk groups. Therefore, it is vital to monitor e-cigarette
use nationwide, particularly among groups at higher
risk of use such as youth and persons who identify as
lesbian, gay, bisexual, or transgender, a group that has
historically been targeted by tobacco companies,
contributing to inequitably high tobacco use.14–16

Several national- and state-level epidemiologic sur-
veys include questions assessing various domains of
e-cigarette use, such as intention to use, current use,
and preferred flavors. Data from these surveys can
provide estimates of e-cigarette use by sociodemo-
graphic characteristics to help monitor trends and
investigate inequities in e-cigarette use among different
population subgroups. Additionally, such data increase
the understanding of the population’s perceptions and
intentions regarding various tobacco products. Such
insights may help predict future use behaviors and
further guide preemptive regulatory actions, policies,
and interventions to protect public health.17 Further-
more, some of the surveys, particularly those with built-
in cohorts, can be used to longitudinally assess health
effects and outcomes, including mortality, associated
with tobacco product use. However, some of these sur-
veys may be underused or may not be readily used by
tobacco regulatory researchers due to the lack of
awareness of the domains of e-cigarette use assessed in
each survey. In addition, questions assessing e-cigarette
use in each of these surveys differ in scope and detail
and can range from a few questions that assess ever and
current e-cigarette use to a comprehensive set of ques-
tions assessing various domains of e-cigarette use,
including brands, flavors, and nicotine concentration.
Furthermore, questions used to assess some of the do-
mains are not consistent across surveys. For example,
while some surveys assess frequency of use by assessing
the number of days within the past 30-days during
which participants have used e-cigarettes, others only
ask if participants now use e-cigarettes every day, some
days, or not at all. Thus, the extent to which these sur-
veys successfully capture the different domains of e-
cigarette use among their target population may differ.
On the other hand, some questions when asked, are
usually consistent across surveys; example of this is the
preferred flavors of e-cigarette used in the past 30 days.

To provide a resource for the tobacco regulatory
science community, we sought to identify and review
repeatedly and regularly conducted, nationally repre-
sentative surveys that assess e-cigarette use among
youth and adults in the U.S. and catalog the relevant e-
cigarette domains available in these surveys. We also
present the prevalence of e-cigarette usage among youth
across years using published data from the youth
surveys.

Methods
We identified and retrieved information on available
nationally representative and repeatedly conducted
epidemiologic surveys that assess e-cigarette use preva-
lence among U.S. adolescents and youth (generally <18/
19 years) and/or adults (generally ≥18 years). Nationally
representative as used in our inclusion criteria refers to
surveys that the nature of their sampling design allows
for surveys weights, based on known key population
demographics, to be applied to make the data repre-
sentative of its target population, e.g., adults in the U.S.
We first examined PubMed and Google/Google Scholar
to identify the surveys that assess e-cigarette use
epidemiology among youth and adults in the U.S.
Search terms included “e-cigarette”, “vape”, “electronic
cigarettes”, “tobacco”, “United States”, “adolescents”,
“youth”, and “adults”. We supplemented this step by
communicating with colleagues and experts from the
tobacco regulatory science community. As a quality
check, we searched ICPSR, a data archiving platform,
for e-cigarette-related publications and variables to
ensure that most surveys that assess e-cigarette use in
the U.S. were screened.18 Details of our search strategy
are stated under the section “Search Strategy and
www.thelancet.com Vol 23 July, 2023
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Selection Criteria”. We excluded surveys that were not
nationally representative, those that were conducted at
only one-time point, those that by the nature of sam-
pling cannot be used to provide e-cigarette use preva-
lence estimates, and surveys that ended on or before the
2015 introduction of JUUL–a preeminent e-cigarette
brand that has played a crucial role in the youth e-
cigarette epidemic.19 Additionally, surveys with pro-
prietary nontransparent methodologies were not
included in this review. A complete list of surveys that
were screened but excluded from review and the reasons
for exclusion have been presented in Supplementary
Tables S1 and S2.

For the eligible nationally representative, repeatedly
conducted surveys, we gathered and reported informa-
tion on the institutions responsible for funding or
conducting the survey, methods of data collection, and
how these methods have changed recently, given the
COVID-19 pandemic. We also reported the target pop-
ulation and approximate sample size, the year since e-
cigarette questions were included in the survey, and the
frequency of survey administration.

To provide a resource for the tobacco regulatory
science community, we gathered and cataloged the
specific questions used to assess the various e-cigarette
use domains, including the age of initiation and fre-
quency of use, type of device, brand, and the use of
flavors, reasons for e-cigarette use, the sources of e-
cigarette acquisition, and the use of cannabis in e-ciga-
rettes. We also presented the questions used to assess
other salient domains, including the curiosity and in-
tentions of individuals who do not use e-cigarettes to try
e-cigarettes in the future. Importantly, we reviewed the
preambles used in these surveys to examine how they
best capture emerging brands and types of e-cigarettes,
such as disposable e-cigarettes.

In addition, we also qualitatively analyzed the str-
engths of each survey, the limitations that may be
addressed, and critical regulatory questions that can be
answered using such survey data. Finally, to aid in the
comparisons of the youth surveys, we presented the
prevalence estimates of past-30-day e-cigarette use as
well as measures of frequent use among U.S. youth
using published data from the different nationally
representative youth surveys that have publicly avail-
able data.

Findings
We identified 13 nationally representative, repeatedly
conducted epidemiologic surveys that assess e-cigarette
use among U.S. youth and/or adults. These included the
National Youth Tobacco Survey (NYTS),20 Youth Risk
Behavior Surveillance System (YRBSS),21 Monitoring
the Future Survey (MTF),22 International Tobacco Con-
trol Policy Evaluation Project (ITC) Youth Tobacco and
Vaping Survey—US Study,23 Behavioral Risk Factor
Surveillance System (BRFSS),24 National Health
www.thelancet.com Vol 23 July, 2023
Interview Survey (NHIS),25 Tobacco Use Supplement of
the Current Population Survey (CPS-TUS),26 Health
Information National Trends Survey (HINTS),27 To-
bacco Products and Risk Perception Surveys
(TPRPS),28,29 International Tobacco Control Policy Eval-
uation Project (ITC) Four Country Smoking and Vaping
Survey (4CV)–US Study,30 National Health and Nutri-
tion Examination Survey (NHANES),31 National Survey
on Drug Use and Health (NSDUH),32 and Population
Assessment of Tobacco and Health (PATH).33 Another
survey, beside the 13 discussed in this paper, that met
our inclusion criteria, but has not been discussed
further is the Truth Longitudinal Cohort (TLC), an on-
line cohort created and maintained by the Truth Initia-
tive, an organization with a mission statement/agenda,
to evaluate the 2014 relaunch of the antitobacco mass
campaign.34 Additionally, communication with the au-
thors of the TLC confirms that the cohort is not
designed to provide precise population based prevalence
estimates. A second survey that has also not been
further reviewed is the Altria Client Services Underage
Tobacco Use Survey (UTUS), which is designed and
conducted by the tobacco company, Altria.35,36 Informa-
tion about the TLC and UTUS and reasons for exclusion
have been presented in Supplementary Table S2.

Table 1 shows information on the funding and
conducting institution, methodology, and target popu-
lation of these surveys. Most of the surveys are funded
by the Centers for Disease Control and Prevention
(CDC) in conjunction with the Food and Drug Admin-
istration (FDA) or other agencies such as the National
Institute on Drug Abuse (NIDA), Substance Abuse and
Mental Health Services Administration (SAMHSA), and
the National Cancer Institute (NCI).

Four surveys (NYTS, YRBSS, MTF, and ITC- Youth
Survey) assess e-cigarette use predominantly among
youth. Three of these surveys (NYTS, YRBSS, and MTF)
have been school-based and self-administered with
either offline tablets or computer-scannable question-
naire booklets. However, in 2021 due to the COVID-19
pandemic, the NYTS switched to fully online so that
eligible participants could access the survey from
classrooms, at home, or in other remote learning envi-
ronments (Table 2).37 The ITC Youth Survey recruits
youth aged 16–19 years from Nielsen Consumer In-
sights Global Panel and partner panels. Of these four
youth surveys, data on e-cigarette use are available
annually for the NYTS (since 2011), MTF (since 2014),
and ITC Youth Survey (since 2017, with two additional
semi-annual waves), and biennially on odd-numbered
years for the YRBSS (since 2015). MTF survey has the
largest sample size of approximately 50,000 participants,
followed by the NYTS (∼15,000–20,000), the YRBSS
(∼14,000) and the ITC Youth Survey (∼4500) (Table 1;
Fig. 1).

The BRFSS, NHIS, CPS-TUS, HINTS, TPRPS, and
ITC-4CV assess e-cigarette use only among
3
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Survey Funding Institution Conducting Institution Method of data
collection

Population First
Inclusion of
E-cigarette
Questions

Periodicity Sample Size

National Youth Tobacco
Survey (NYTS)

FDA and CDC FDA and CDC School-based
Self-administered
In-person offline tablet-
based but in 2021, due to
COVID-19, was fully
online so that eligible
participants could access
from classrooms, at
home, or from other
remote learning
environments.

Middle school (Grades
6–8)
High school (Grades
9–12)

2011 1999, 2000, 2002, 2004,
2006, 2009, and annually
from 2011

∼15,000–20,000

Youth Risk Behavior
Surveillance System
(YRBSS)

CDC National by the CDC
School-based state,
territorial, tribal, and
large urban school district
surveys conducted by
education and health
agencies

School-based
Self-administered
anonymously by using a
computer-scannable
questionnaire booklet

High school (Grades
9–12) in public and
private schools

2015 Biennially during the
spring of odd-numbered
years

∼14,517

Monitoring the Future
Survey (MTF)

National Institute on
Drug Abuse

University of Michigan Paper and pencil
questionnaires in schools;
changed to use of
electronic tablets in 2019.
The 8th and 10th grade
questionnaires are
completely anonymous,
and in 12th grade they
are confidential (name
and address information
gathered separately from
the 12th grade
questionnaire to permit
the longitudinal follow-
up of random subsamples
of participants)

8th, 10th, and 12th grade
students

2014 Annually ∼50,000

International Tobacco
Control Policy Evaluation
Project (ITC) Youth
Tobacco and Vaping
Survey—US Study

Partly by the US National
Institutes of Health

University of Waterloo Online Web Panel 16–19-year-old
individuals recruited from
Nielsen Consumer
Insights Global Panel.

2017 Annually, with additional
semi-annual waves

∼4500

Behavioral Risk Factor
Surveillance System
(BRFSS)

Primarily funded by the
CDC; various state
programs may fund
additional modules or
questions

State-health departments
with technical and
methodological
assistance from CDC

Telephone interview Noninstitutionalized
adults ≥18 years

2016 Annually
But e-cigarette questions
are part of the core
module in 2016, 2017,
and 2021 and as optional
model in 2018 and 2020.
No e-cigarette data in
2019

∼400,000 sample adult
respondents nationally
per year

(Table 1 continues on next page)
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Survey Funding Institution Conducting Institution Method of data
collection

Population First
Inclusion of
E-cigarette
Questions

Periodicity Sample Size

(Continued from previous page)

National Health Interview
Survey (NHIS)

CDC
Sponsored content are
questions funded by
other federal agencies or
other centers within CDC
about topics of interest
to the sponsor.

Designed by the CDC’s
National Center for
Health Statistics
Administered by U.S.
Census Bureau

Computer-assisted
personal interviewing.
Face-to-face interviews
are conducted in
respondents’ homes, but
follow-ups to complete
interviews may be
conducted over the
telephone

Residents of households
and noninstitutional
group quarters
18+ years for tobacco
questions

2014 Annually ∼87,500 persons in
35,000 households

Tobacco Use Supplement
of the Current Population
Survey (CPS-TUS)

National Cancer Institute U.S. Census Bureau Computerized document
that is administered by
Census Bureau field
representatives through
personal and telephone
interviews

Civilian,
noninstitutionalized
population ages 18 years
and older
if the household is eligible
for the supplement, the
interviewer attempts to
interview everyone (18
years or older) in the
household

2014/2015 Every 3–4 years (up to
2018–2019 data
available)

∼ 240,000 individuals
within a given survey
period.

Health Information
National Trends Survey
(HINTS)

National Cancer Institute National Cancer Institute
and Westat

Previously by random
digit dialing landline
telephone alone or with
mail questionnaire. Now
self-administered mail
questionnaire

Adults 18 years or older
in the U.S. civilian
noninstitutionalized
population.

2012 Biennial ∼3000–6000

The Tobacco Products and
Risk Perception Surveys
(TPRPS)

FDA Center for Tobacco
Products

Georgia State University
Tobacco Center of
Regulatory Science
(TCORS)

Online Web Panel Noninstitutionalized U.S.
adults (18 years or older)
drawn from Gfk’s
KnowledgePanel

2014 Annual ∼6000

International Tobacco
Control Policy Evaluation
Project (ITC) Four Country
Smoking and Vaping
Survey—US Study

Partly by the US National
Cancer Institute

University of Waterloo
with support from the
Medical University of
South Carolina

Online Web Panel Adults (18 years or older)
drawn from GfK
KnowledgePanel and
other opt-in partner
panels.

2016 Biennial ∼2500–2800

National Health and
Nutrition Examination
Survey (NHANES)

CDC CDC’s National Center for
Health Statistics

Health interviews are
computer-based in
respondent’s home;
Health measurements are
in-person in specially
designed and equipped
mobile centers

Noninstitutionalized
civilian resident all ages

2013 Annually but data
released every two years

∼5000–10,000

(Table 1 continues on next page)
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noninstitutionalized U.S. adults aged 18 years or older.
The BRFSS has been the largest, continuously con-
ducted survey among U.S. adults, with an annual sam-
ple size of approximately 400,000 respondents (Fig. 1).
While data on e-cigarette use are available annually from
2016 (except in 2019), questions on e-cigarette use in the
BRFSS questionnaire were part of the core module
(2016, 2017, 2021) and hence used by all participating
states/territories, or part of the optional module (2018,
2020), giving states the flexibility to include in their state
survey based on their priorities. Because the BRFSS is a
telephone-based survey that uses the computer-assisted
telephone interview system, the methodology did not
significantly change during the COVID-19 pandemic
(Table 2). While data collection was briefly interrupted
in some areas, the CDC reports that the shortfalls in the
monthly completion during the initial COVID-19-
related shelter-in-place were made up by the end of
the data collection year, with all states meeting the
minimum requirements to be included in the 2020
data.38 The CPS-TUS, another nationally representative
survey, is conducted periodically (every 3–4 years) by the
U.S. Census Bureau as part of its Current Population
Survey, with ∼240,000 respondents in each survey
period. HINTS is an NCI-sponsored nationally repre-
sentative survey with extensive information on the
knowledge, attitudes, and perceptions of e-cigarette use.
The TPRPS was conducted by the Georgia State Uni-
versity Tobacco Center of Regulatory Science with par-
ticipants drawn from the Growth from Knowledge (GfK)
KnowledgePanel.39 The ITC-4CV, which is partly funded
by the U.S. NCI, also recruits participants from GfK
KnowledgePanel and other opt-in partner panels, with
∼2500–2800 biennially.30

The NHANES, NSDUH, and PATH surveys assess
e-cigarette use in both youth and adults. NHANES is
unique in that it combines interviews with physical ex-
aminations and laboratory tests, including serum and
urinary cotinine and hydroxycotinine, which are nico-
tine metabolites.40 All participants aged ≥12 years are
asked questions about tobacco use, including e-cigarette
use. Similarly, the PATH study includes participants
aged ≥12 years and has data on some biomarkers of
tobacco exposure. Additionally, the PATH study, which
has a sample size of approximately 49,000 participants
at baseline, is unequaled as a national longitudinal study
with almost ten (10) years of follow-up.41 The NSDUH is
conducted annually with about 70,000 participants
(Fig. 1).

Presented in Table 3 and Supplementary Table S3
are the domains, preambles, and exact questions used
to assess e-cigarette use in each of the 13 surveys. All the
surveys provide a preamble that introduces the re-
spondents to what e-cigarettes are. Of the four youth
surveys, NYTS and YRBSS provide names of common e-
cigarette brands such as JUUL, Vuse, and Blu, in addi-
tion to listing the common e-cigarette terminologies
www.thelancet.com Vol 23 July, 2023
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Survey Methodology

National Youth Tobacco Survey (NYTS) Paper and pencil questionnaires since inception in 1999, began using electronic data collection methods
(tablets) starting in 2019 (In-person offline tablet-based) but in 2021, due to COVID-19, was fully online so
that eligible participants could access from classrooms, at home, or from other remote learning
environments.

Youth Risk Behavior Surveillance System (YRBSS) The CDC developed one-time, online Adolescent Behaviors and Experiences Survey (ABES), which was
conducted during January–June 2021 to assess student behaviors and experiences during the COVID-19
pandemic among high school students.
For the State-based YRBS, some states e.g., Indiana completed the 2021 survey (January–April 2021) and
Wisconsin (September 2012–December 2021) while Florida withdrew from the YRBS

Monitoring the Future Survey (MTF) Early termination of field efforts in 2020 resulting in small sample size; 2021 resumed with a change to all
web-based surveys. Students completed the surveys on their personal or school-provided device.

International Tobacco Control Policy Evaluation Project (ITC)
Youth Tobacco and Vaping Survey—US Study

No documented change

Behavioral Risk Factor Surveillance System (BRFSS) Because the BRFSS is a telephone survey and employs computer-assisted telephone interviews, the data
collection methodology did not significantly change during COVID-19.

National Health Interview Survey (NHIS) Approximately half of the original sample allocated for the last five months of 2020 was replaced with
sample adults who completed the 2019 NHIS sample adult interview. The reinterviewing of Sample Adults
from 2019 using the 2020 NHIS questionnaire also provided an opportunity to assess changes over time in
health outcomes measured on both survey years and assess measures during the pandemic.

Tobacco Use Supplement of the Current Population Survey (CPS-TUS) No documented change

Health Information National Trends Survey (HINTS) No documented change

The Tobacco Products and Risk Perception Surveys (TPRPS) Last survey in 2018

International Tobacco Control Policy Evaluation Project (ITC) Four
Country Smoking and Vaping Survey—US Study

No documented change

National Health and Nutrition Examination Survey (NHANES) The 2019–2020 data collection cycle was suspended in March 2020 due to the inability to perform in-
person exams on account of rising COVID-19 cases. Therefore, the 2019-early 2020 data is not nationally
representative.
The 2021–2022 sampling strategy decreased the number of households screened (from ∼13,000 to ∼7000),
leading to fewer in-person encounters for field staff. The reduction in the number of households screened
did not change the targeted total examined sample of ∼10,000 persons across the 30 primary sampling
units. Additionally, eligible survey participants scheduled a telephone appointment to complete the home
interview.

National Survey on Drug Use and Health (NSDUH) Changed to web-based in 2020

Population Assessment of Tobacco and Health (PATH) No documented change

Table 2: Recent changes in methodology of the surveys used to assess E-cigarette use among youth and adults in the United States.

Review
such as vapes, vape pens, e-cigars, e-hookahs, hookah
pens, and mods. The MTF survey does not provide
names of common e-cigarette brands. In their pre-
ambles, only the ITC Youth Survey out the four youth
surveys mentions disposable e-cigarettes. The surveys
do not state Puff Bar, the most common disposable e-
cigarette used by middle and high school students, in
their introductory preamble.42

Among the adult surveys, CPS-TUS and TPRPS
include disposable e-cigarettes as part of the e-cigarette
examples in their preambles, but BRFSS, NHIS,
HINTS, and ITC-4CV do not. Of the three surveys
assessing e-cigarette use among youth and adults
(NHANES, NSDUH, and PATH), only the PATH study
mentions disposable e-cigarettes as part of its preamble.
A hand card used in the NHANES to show the different
types of e-cigarettes does not include disposable e-
cigarettes.43,44

The NYTS, YRBSS, MTF, and the ITC Youth Survey
assess ever and current use (typically defined as past 30-
day use) of e-cigarettes as well as the sources or access to
e-cigarettes. Additionally, the NYTS and ITC Youth
Survey comprehensively assess several other domains of
www.thelancet.com Vol 23 July, 2023
e-cigarette use, including type, brand, flavors, reasons
for use, and the use of cannabis in e-cigarettes. The
NYTS and ITC Youth Survey also assess curiosity and
future intentions to use e-cigarettes among respondents
who have never used an e-cigarette. Since 2017, the
question used to assess the prevalence of past-30-day
e-cigarette use in the MTF survey has been modified
to three questions with each assessing the prevalence of
e-cigarette use for vaping specific substances (nicotine,
marijuana, and flavorings).

The BRFSS, NHIS, and HINTS mainly assess ever
and current use of e-cigarettes. On the other hand, the
CPS-TUS, TPRPS, and ITC-4CV are very comprehen-
sive in assessing e-cigarette use among adults. HINTS
and ITC-4CV have questions that extensively examine
participants’ sources of e-cigarette-related information
and their perception of the harms of e-cigarettes.

In addition to assessing the device type and e-ciga-
rette flavors, the CPS-TUS also evaluates the sources and
cost of e-cigarettes, reasons for e-cigarette use, and e-
cigarette-related policies/rules at the workplace and
home. The TPRPS and ITC-4CV assess addiction
and changes in e-cigarette use patterns. The NHANES
7
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Fig. 1: Approximate sample sizes of the various nationally representative surveys that assess E-cigarette use among youth and adults in the
United States.

Review

8

and NSDUH mainly assess ever and current e-cigarette
use. The NHANES also assesses secondhand vape
exposure, while the NSDUH assesses vaping other
substances besides nicotine. The PATH study is very
comprehensive and has detailed questions on various
domains of e-cigarette use, including frequency of use in
the past month, the number of times per day e-cigarettes
are used, and the average number of puffs per session.
The ITC-4CV is also very comprehensive and includes
questions on nicotine strength, quit intentions and at-
tempts, healthcare provider recommendations, opinions
on vaping laws, and effects of e-cigarette advertisements.

In Table 4, we present the estimates of e-cigarette
use among middle and high school students in the U.S.
as assessed by the NYTS and YRBSS to examine their
comparability of e-cigarette use prevalence estimates in
terms of trends. We also present estimates from MTF
survey (Table 5) for 8th, 10th, and 12th graders in the
U.S., and PATH Youth and ITC Youth Vaping data
(Table 6). Of particular importance are the trends in the
measures of frequent e-cigarette use among those who
reported past 30-day use, i.e., proportion of current
users who use their devices frequently or daily. Of those
who reported past 30-day use, the proportion who use
their devices frequently or daily has been steadily
increasing as shown by data from the four surveys
(Tables 4–6; Figs. 2 and 3).
Discussion
Our review identified 13 nationally representative sur-
veys that conduct ongoing assessments of e-cigarette
use among U.S. youth and/or adults. The epidemiologic
surveys such as those reviewed in this report have been
instrumental in monitoring e-cigarette and other to-
bacco products use among different population sub-
groups. We submit that our paper will serve as an
essential resource for members of the tobacco regula-
tory science community who may be unfamiliar with the
many resources available for studying e-cigarette use
prevalence and trends. Below, we describe the strengths
of the surveys, limitations, and challenges and make
recommendations to improve the surveys.

Strengths
All the surveys reviewed are repeatedly conducted, albeit
at different frequencies. They can therefore be used for
repeated cross-sectional studies to monitor changes in
the patterns of e-cigarette use among different popula-
tion subgroups. Among the surveys, a strength of the
NYTS, TPRPS, PATH, and the ITC Youth Survey is
their assessment of curiosity and intentions to use
among individuals who have never used e-cigarettes.
This is particularly important as intentions and sus-
ceptibility to use may predict future behavior.46–48 While
not all intentions are carried out, actions are mainly
www.thelancet.com Vol 23 July, 2023
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Domains NYTS YRBSS MTF ITC,
US-Youth

BRFSS NHIS CPS-TUS HINTS TPRPS ITC, US-Adult NHANES NSDUH PATH

Preamble U U U U U U U U U U U U U

Preamble
includes
disposable
e-cigarettes

U U U U

Lifetime or ever
use

U U U U U U U U U U U U U

Age at initial use U U U U

Frequency of use U U U U U U U U U U U

Type or brand
used

U U U U U U

Flavors U U U U U U

Nicotine
content

U U U U U U

Accessibility and
source

U U U U U U U U

Details about
cost

U U U

Reason for
e-cigarette use

U U U U U U U

Curiosity and
intentions to
use

U U U U

Vaping other
substances
beside nicotine
e.g., cannabis,
flavorings

U U U U U U U U

Vaping policy at
home or
workplace

U

Secondhand e-
cigarette aerosol
exposure

U U

Addiction/
dependence

U U U U

Quitting
e-cigarettes

U U U U

Sources of
information on
e-cigarettes

U U U

Knowledge
about content,
addictiveness,
and harmfulness
of e-cigarettes

U U U U

(Table 3 continues on next page)
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Domains NYTS YRBSS MTF ITC,
US-Youth

BRFSS NHIS CPS-TUS HINTS TPRPS ITC, US-Adult NHANES NSDUH PATH

(Continued from previous page)

Other tobacco
products
assessed by
survey

• Combustible
cigarettes

• Cigars/
cigarillos/little
cigars

• Chewing
tobacco/
snuff/dip

• Hookah
tobacco

• Heated
tobacco
products

• Nicotine
pouches

• Others e.g.,
roll-your-own
cigarettes,
pipe, snus,
dissolvable
tobacco,
bidis,

• Combustible
cigarettes

• Smokeless
tobacco

• Cigars/
cigarillos/
little cigars

• Combustible
cigarettes

• Smokeless
tobacco

• Dissolvable
tobacco

• Snus
• Heated

tobacco
products

• Large cigars
• Little cigars/

cigarillos
• Hookah/

waterpipe

• Combustible
cigarettes

• Heated
tobacco
products

• Large cigars
• Little cigars/

cigarillos
• Bidis
• Smokeless

tobacco
• Nicotine

pouches
• Waterpipe/

shisha

• Combustible
cigarettes

• Chewing
tobacco/
snuff/snus

• Combustible
cigarettes

• Cigars/
cigarillos/
little cigars

• Pipe/
waterpipe/
hookah

• Smokeless
tobacco

• Combustible
cigarettes

• Cigars/
cigarillos/
little cigars

• Pipe
• Waterpipe/

hookah
• Smokeless

tobacco
• Dissolvable

tobacco

• Combustible
cigarettes

• Heated
tobacco
products

• Combustible
cigarettes

• Little cigars/
cigarillos

• Large cigars
• Hookah
• Heated

tobacco
products

• Chewing
tobacco, dip,
snuff, snus,
dissolvable
tobacco

• Combustible
cigarettes

• Heated
tobacco
products

• Cigars
• Cigarillos
• Pipe
• Hookah/

waterpipe
• Oral/

smokeless
tobacco

• Nicotine
pouches

• Combustible
cigarettes

• Pipe
• Cigars/

cigarillos/
little cigars

• Waterpipe/
hookah

• Smokeless
tobacco

• Combustible
cigarettes

• Smokeless
tobacco

• Cigars/
cigarillos/
little cigars

• Pipe

• Combustible
cigarettes

• Cigar
• Pipe
• Hookah
• Snus
• Smokeless

tobacco

Strengths Comprehensively
assesses several
domains of
e-cigarette use in
both middle and
high school
students.

Has additional
information on a
wide array of
other high-risk
behaviors
including
substances
misuse.

The 12th grade
questionnaire
permits
longitudinal
follow- up of
random
subsamples of
participants.

Very extensive in
assessing the
various domains
of e-cigarette
use with
additional
information on
the effects of
COVID-19 on
vaping habits
and e-cigarette
accessibility.

The largest
repeatedly
conducted
survey among
US adults. It also
state-level
information and
rural/urban
residence.

Can be linked to
the Medical
Expenditure
Panel Survey to
assess healthcare
costs associated
with e-cigarette
use

Information on
secondhand
exposure to
e-cigarette
vapor.

Has information
on where
participants
access
information on
e-cigarette and
other tobacco
products.

Comprehensively
assesses several
domains of
e-cigarette use
among adults
including
e-cigarette quit
intentions and
attempts.

Very extensive in
assessing the
various domains
of e-cigarette
use with
additional
information on
perceptions
regarding
e-cigarette-
related laws

Can be linked to
the Centers for
Medicare and
Medicaid
Services data to
study changes in
healthcare
utilization and
expenditures

Has questions
on mental
health and
psychosocial
stressors, hence
the association
of e-cigarette
use with these
measures can be
assessed

Longitudinal
design, with
about ten years
of follow-up
data therefore
allowing study of
tobacco product
transitions and
health effects

Table 3: Domains of E-cigarette use included in the surveys used to assess E-cigarette use among youth and adults in the United States.
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Current use Daily use Frequent use (≥20 days) Daily use among current users Frequent use among current users
(≥20 days)

National
youth
tobacco
survey

Middle school High school Middle school High school Middle
school

High school Middle school High school Middle school High school

2011 0.6 (0.4–0.9) 1.5 (1.2–2.0) – – – – – – – –

2012 1.1 (0.9–1.5) 2.8 (2.3–3.5) – – – – – – – –

2013 1.1 (0.8–1.5) 4.5 (3.8–5.3) – – – – – – – –

2014 3.9 (3.0–5.0) 13.4 (11.2–16.1) 0.3 (0.2–0.5) 1.3 (0.9–1.9) 0.5 (0.3–0.7) 2.1 (1.5–2.9) 7.9 (5.4–11.4) 9.7 (7.5–12.5) 11.8 (8.2–16.7) 15.5 (12.7–18.8)

2015 5.3 (4.6–6.2) 16.0 (14.1–18) 0.4 (0.3–0.6) 1.7 (1.3–2.1) 0.7 (0.5–0.9) 2.5 (2.0–3.2) 7.1 (5.1–9.8) 10.2 (8.4–12.4) 11.7 (8.6–15.8) 15.5 (12.9–18.4)

2016 4.3 (3.7–4.9) 11.3 (9.9–12.9) 0.5 (0.3–0.7) 1.6 (1.3–2.0) 0.7 (0.5–0.9) 2.1 (1.7–2.5) 11.0 (7.2–16.6) 13.4 (11.0–16.2) 14.9 (10.6–20.7) 17.5 (14.9–20.4)

2017 3.3 (2.8–3.9) 11.7 (9.7–13.9) 0.4 (0.2–0.6) 1.6 (1.2–2.3) 0.5 (0.4–0.7) 2.5 (1.8–3.4) 8.9 (5.8–13.4) 13.4 (10.1–17.6) 12.9 (9.1–18.1) 20.0 (15.8–25.0)

2018 4.9 (4.2–5.8) 20.8 (18.8–22.9) 0.7 (0.5–1.0) 4.0 (3.4–4.7) 0.9 (0.7–1.2) 6.0 (5.1–7.0) 12.5 (9.4–16.5) 18.3 (16.0–21.0) 16.2 (12.8–20.3) 27.7 (24.7–30.9)

2019 10.5 (9.4–11.8) 27.5 (25.3–29.7) 0.9 (0.7–1.2) 5.9 (4.9–7.0) 1.9 (1.5–2.4) 9.4 (8.0–10.9) 8.8 (6.9–11.2) 21.4 (19.0–24.0) 18 (15.2–21.2) 34.2 (31.2–37.3)

2020 4.7 (3.6–6.0) 19.6 (17.2–22.2) 0.4 (0.3–0.7) 4.4 (3.5–5.6) 0.9 (0.7–1.2) 7.6 (6.2–9.3) 9.4 (5.6–15.2) 22.5 (19.0–26.4) 20 (16.0–24.8) 38.9 (35.2–42.6)

2021a 2.8 (2.2–3.4) 11.3 (9.7–13.0) 0.2 (0.15–0.35) 3.1 (2.5–3.8) 0.5 (0.3–0.7) 4.9 (4.1–5.9) 8.3 (5.6–12.0) 27.6 (24.3–31.2) 17.2 (12.8–22.6) 43.6 (39.0–48.2)

2022a 3.3 (2.6–4.2) 14.1 (12.4–16.0) – – – – 11.7 (8.0–16.7) 30.1 (26.6–33.9) 20.8 (15.8–26.8) 46.0 (41.6–50.4)

Youth Risk Behavior
Surveillance System

Middle
School

High School

2015 – 24.0 (21.9–26.3) – 2.0 (1.6–2.5) – 3.0 (2.4–3.6) – 8.2 (6.8–9.8) – 12.3 (10.6–14.2)

2017 – 13.2 (11.5–15.1) – 2.4 (2.0–3.0) – 3.3 (2.6–4.2) – 18.4 (15.7–21.4) – 25.1 (21.3–29.5)

2019 – 32.7 (30.4–35.1) – 7.2 (6.1–8.4) – 10.7 (9.4–12.1) – 21.9 (19.6–24.4) – 32.6 (30.0–35.2)

aThe changes in the administration and data collection procedures for the NYTS due to the COVID-19 pandemic limits the ability to compare estimates from 2021 to 2022 with those from prior NYTS
years.

Table 4: Table with the Estimated Current, Frequent, and Daily E-cigarette use Prevalence among Youth in the United States as Estimated by the National Youth Tobacco Survey
and the Youth Risk Behavior Surveillance System.

Review
controlled by intentions, as described by the theory of
planned behavior.46 Therefore, it is imperative to assess
whether the appeal of e-cigarettes is increasing among
nonusers so that preemptive policies and interventions
can be implemented.

The YRBSS, MTF survey, and NSDUH assess other
high-risk behaviors, including binge drinking, cannabis
use, and use of other substances of abuse. These surveys
have therefore been used to determine whether e-ciga-
rette use clusters with other high-risk behaviors.49–52 The
YRBSS and NSDUH also ask questions on mental
health and psychosocial stressors such as bullying and
sexual assault and can therefore be used to assess the
association of youth e-cigarette use with psychosocial
stressors.53 It is crucial to identify stressors that may lead
to initiation and continued use of e-cigarettes among
youth and other vulnerable populations, as mitigating
such stressors may reduce tobacco use among vulner-
able populations.54

NHIS and NHANES leverage linkage with other
datasets. A unique strength of the NHIS is the linkage to
the Medical Expenditure Panel Survey (MEPS), enabling
the assessment of the healthcare costs associated with e-
cigarette use. The MEPS prospectively follows a repre-
sentative sample drawn from the prior year’s NHIS for
two calendar years to assess their healthcare engage-
ment and costs.55 Linking the MEPS to the NHIS data
can be used to study the real-world health-related cost
www.thelancet.com Vol 23 July, 2023
implications of e-cigarette use, as has been done for
smoking.56–59 Unique to the NHANES dataset is its
linkage to the Centers for Medicare and Medicaid Ser-
vices (CMS) data to study changes in healthcare utili-
zation and expenditures in specialized populations.60

Both the NHIS and NHANES can also be linked to
the national death index (NDI) to study mortality asso-
ciated with use of e-cigarettes.

The NHANES and CPS-TUS assess exposure to
secondhand vapor or e-cigarette aerosol. Although the
health implications of secondhand cigarette smoke have
been elucidated, those associated with secondhand e-
cigarette aerosols are still largely unknown. Few recent
studies have reported that secondhand exposure to
emissions from e-cigarettes may be associated with
adverse health outcomes, including bronchitis symp-
toms and asthma exacerbations.61,62 Thus, data on the
burden and the health effects of secondhand exposure to
e-cigarettes are needed.

Continued surveillance of the sources of e-cigarette
acquisition, particularly among youth and young adults,
is crucial. Understanding the changing sources of e-
cigarettes among youth is necessary to inform regula-
tory approaches that limit youth access to e-cigarettes.63

The NYTS, YRBSS, CPS-TUS, TPRPS, PATH, and the
ITC Youth Survey assess the access to e-cigarette use.
Therefore, data from these surveys can be used to study
the changing sources of e-cigarette acquisition among
11
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different population subgroups.53 Such data, particularly
among youth, can be used to inform policies and reg-
ulatory approaches that further limit youth access to e-
cigarettes.

A key strength of the BRFSS, NHIS, CPS-TUS, and
NSDUH is the ability to obtain state-level estimates
from these surveys. States can therefore use such data to
monitor e-cigarette use behaviors and to evaluate state-
level policies. Additionally, since e-cigarette-related pol-
icies vary from state to state, such state-level data can be
used to evaluate the impact of different policies on e-
cigarette and other tobacco product use.64

The PATH study, with about ten years of follow-up
data to date and with data on outcomes such as car-
diovascular diseases, has been instrumental in investi-
gating the long-term health effects associated with
e-cigarette use, including incident respiratory and car-
diovascular disease.65–69 Because temporal associations
can be established from such longitudinal data, causal
inferences may be made between e-cigarette use and
adverse health effects. Additionally, tobacco use transi-
tions, e.g., cigarette to e-cigarette, e-cigarette to cigarette,
cigarette to dual use, etc., and their associated health
effects can be studied using the PATH data due to its
longitudinal design.70–72

Gaps, limitations, and recommendations
Despite their unique strengths, some gaps and limita-
tions exist in the design, methodology, and questions
used in these surveys that may limit their utility in
guiding the timely implementation and evaluation of
tobacco policies. We outline a few below and recom-
mend measures to fill these gaps.

Timely or near real-time surveillance of E-cigarette use
The e-cigarette landscape and epidemiology are rapidly
changing. However, most epidemiologic surveys,
including some of the surveys reviewed in this study,
have long gaps between data collection and availability
and hence lag real-time events by about a year or two.
For example, the BRFSS typically takes approximately a
year between completion of data collection and data
release. This limitation is inherent in most traditional
epidemiologic surveys since survey conduct, from
design to data cleaning and release, takes time. Thus, it
becomes challenging to use these data sources to
monitor, in real-time, the changing patterns of e-ciga-
rette use. The consequence is a significant delay in
implementing and evaluating e-cigarette-related policies
as regulatory authorities such as the FDA rely on survey
data, among other data sources, to inform and evaluate
policies. Such delays may lead to unintended conse-
quences such as the youth’s skyrocketing use of
disposable e-cigarettes and the class action lawsuit
against the FDA for delays in taking action.73

E-cigarette retail sales data can complement epide-
miology surveys in monitoring e-cigarette use and for
www.thelancet.com Vol 23 July, 2023
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Waves Current use Daily use Frequent use
(≥20 days)

Daily use among
current users

Frequent use among current
users (≥20 days)

Population assessment of tobacco and health

Wave 1 (2013–14) 3.12 [2.82–3.44] 0.2 (0.09–0.23) 0.36 (0.27–0.48) 4.79 (3.06–7.41) 11.52 (8.70–15.11)

Wave 2 (2014–15) 3.60 (3.26–3.98) 0.30 (0.21–0.42) 0.49 (0.37–0.65) 8.48 (6.09–11.70) 13.89 (10.64–17.93)

Wave 3 (2015–16) 4.09 (3.71–4.50) 0.27 (0.18–0.39) 0.69 (0.54–0.88) 6.89 (4.71–9.96) 17.81 (14.15–22.18)

Wave 4 (2016–17) 7.25 (6.53–8.05) 0.48 (0.31–0.73) 1.10 (0.84–1.45) 6.85 (4.51–10.27) 15.70 (12.08–20.16)

Wave 5 (2018–19) 18.34 (16.45–20.40) 3.65 (2.80–4.75) 6.40 (5.24–7.80) 20.44 (15.94–25.84) 35.87 (30.20–41.96)

ITC youth tobacco and vaping surveya

2017 11.1 – 2.2 – –

2018 15.7 – 3.8 – –

2019 18.5 – 6.7 – –

Estimates were generated using public use data files for youth aged 12–17 years and cross-sectional weights provided by PATH. aEstimates from the ITC Youth Tobacco and Vaping Survey were obtained
from published article (Reference45).

Table 6: Table with the estimated current, frequent, and daily E-cigarette use prevalence among youth in the United States as estimated by the population assessment of tobacco
and health survey and ITC youth tobacco and vaping survey.

Review
evaluating policies. Such sales data have several
inherent strengths such as timeliness and ability to
obtain weekly data, thereby allowing for timely assess-
ment of changes in e-cigarette use/purchase trends.74,75

A challenge with sales data is its inability to capture
purchases from the internet, which accounts for a
considerable proportion of U.S. e-cigarette sales.74,75

Other data sources that can complement survey data
in monitoring changes in tobacco use or interest include
internet search data such as Google Trends and data
curated from social media platforms such as Twitter,
Instagram, and Reddit. Infodemiology, as it is often
Fig. 2: Trends in E-cigarette daily-to-current use ratio among

www.thelancet.com Vol 23 July, 2023
referred to, uses changes in internet searches or online
communication patterns as early indicators of changes
in population interest, behavior, or health.76 Google
search query data have been used to monitor the
popularity of e-cigarettes and how their terminology has
changed over time.77 Such data also have been used to
assess the impact of various population-level policies.78,79

Data from social media platforms have been extracted
and analyzed using artificial intelligence, machine
learning, and other innovative methods to increase un-
derstanding of perceptions, attitudes, and behaviors of
people regarding e-cigarettes.80,81 Because infodemiology
middle and high school students in the United States.
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Fig. 3: Trends in E-cigarette frequent (≥20 days)-to-current use ratio among middle and high school students in the United States.
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data can be accessed in real-time, they can be used to
monitor changes in population search behaviors–a
proxy for actual behavior in near-real-time.82,83 Also,
such data are free from recall and social desirability bias
and less costly than conventional epidemiologic sur-
veys.76 Thus, such data may complement traditional
epidemiologic survey data in the timely monitoring of
changes in population behavior as has been used in
prior studies.84,85

Preambles
The preambles used to introduce e-cigarette questions
in surveys are very important. The preambles for some
of the surveys, such as PATH, have changed over the
years to include detailed description of e-cigarettes,
different types, and brands. While some surveys
extensively describe e-cigarettes in their preambles and
provide a wide array of different types and brands as
examples, other surveys only provide a generic
description of e-cigarette devices. Survey respondents
may not consider their vaping products, e.g., dispos-
ables, as e-cigarettes and may incorrectly indicate
nonuse if the products they use are not described in
the preamble. Indeed, a recent study found that
querying about general e-cigarette use instead of
asking about specific e-cigarette devices/brands
underestimated the true prevalence of e-cigarette use.86

In the study mentioned above, 35.8% of youth
endorsed lifetime e-cigarette use when asked, “Have
you ever tried an e-cigarette, even one or two puffs?”
However, when asked about the lifetime use of five
different e-cigarette devices, 51.3% reported ever using
e-cigarettes.86 Thus, it is crucial that the preambles
used in these surveys be detailed, including both the
standard (e.g., e-cigarette) and colloquial (e.g., vape
device) terminologies, different brands, and types, to
best capture the actual burden of e-cigarette use. This
can be extended to surveys that assess other emerging
tobacco products like heated tobacco products; pre-
ambles should be comprehensive, with examples of
different brands, in order to capture the true preva-
lence of these products. Also, while there is the need
for updated and comprehensive preambles for some of
the surveys, they should be anchored to prior pre-
ambles to maintain comparability.

Comparability, completeness, and consistency of questions
used to assess E-cigarette use
The nationally representative surveys described in our
review vary in scope and depth of their assessment of e-
cigarette use. Even when assessing the same domain of
e-cigarette use, e.g., prevalence, the different surveys
use slightly different questions and thus capture
different aspects of the prevalence, producing estimates
that may vary. For example, while some surveys ask
about general e-cigarette use, others specify nicotine
vaping or the use of non-nicotine e-cigarettes. Moreover,
because e-cigarette use is intermittent and less stable
than smoking, it is difficult to quantify cumulative or
episodic exposure; additional new approaches are
needed to clearly document use patterns, including
intermittent use and polyuse.
www.thelancet.com Vol 23 July, 2023
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Questions assessing the domains of e-cigarette use
continue to evolve. For example, since 2017, the ques-
tion used to assess the prevalence of past-30-day e-
cigarette use in the MTF survey has been modified to
three questions with each assessing the prevalence of e-
cigarette use for vaping specific substances (nicotine,
marijuana, and flavorings). While such changes could
potentially limit the comparability across survey years,
they are important to effectively assess e-cigarette use in
this rapidly evolving e-cigarette landscape. This can
inform other surveys with questions that assess other
emerging tobacco products such as oral nicotine and
heated tobacco products; the evolution of questions
should be timely and comprehensive to best capture the
evolving landscape of these products.

The PhenX Toolkit, a publicly available online
resource funded by several National Institute of Health
divisions, provides recommended standard questions
that can be used to access the various domains of e-
cigarette use.87 For example, in assessing e-cigarette
flavor preference among youth, five (5) standardized
questions are recommended: “Was the first e-cigarette you
used flavored to taste like menthol, mint, clove, spice, fruit,
chocolate, alcoholic drinks, candy, or other sweets?” “What
flavor was that first e-cigarette? If multiple flavors were
mixed, choose all that apply.” “In the past 30 days [were/
was] any of the e-cigarettes, cartridges, or e-liquids you used
flavored to taste like menthol, mint, clove, spice, fruit,
chocolate, alcoholic drinks, candy, or other sweets?” “Which
flavors have you used in the past 30 days? Choose all that
apply.” and “Some e-cigarettes come in flavors like menthol,
mint, clove, spice, fruit, chocolate, alcoholic drinks, candy, or
other sweets. Are flavored e-cigarettes easier to use, about the
same, or harder to use than unflavored e-cigarettes?” Most
of the surveys reviewed do not incorporate most of the
questions included in the PhenX toolkit. An alternative
source of comprehensive, standardized, and reliable
cross-survey questions for assessing the domains of e-
cigarette use may be set up through deliberations
among tobacco control experts.88 If standardized ques-
tions are used across the different surveys, cross-study
meta-analyses will be facilitated, increasing the collec-
tive scientific impact of individual studies.87,88

Timeliness of incorporating new questions
The e-cigarette landscape is very dynamic. However, it
may take several years for new questions to be incor-
porated into these surveys or existing questions modi-
fied to best capture recent domains of e-cigarette use.
For instance, despite the current popularity of dispos-
able e-cigarettes, most of the surveys reviewed,
including the BRFSS, do not have questions that pre-
cisely assess disposable e-cigarette use among its target
population. Another example would be the lack of
questions assessing the use of synthetic nicotine-
containing products despite reports that such products
www.thelancet.com Vol 23 July, 2023
are rapidly emerging.89 Additionally, despite the ongoing
debate about whether e-cigarettes may help persons who
smoke to quit, most surveys do not evaluate the use of e-
cigarettes for cessation among individuals who smoke.
To best capture the rapidly changing e-cigarette land-
scape and provide regulatory authorities with timely
evidence to guide policy implementation, incorporating
newer questions and modifying existing questions
should be done promptly. While we acknowledge that
modifying these questions are important and should be
done in a timely manner, it is also important to mention
that such changes should be linked and anchored to
prior questions to maintain some comparability. Also,
for most national surveys, it is unclear how independent
researchers in tobacco regulatory science can contribute
or submit questions for future survey iterations. Such a
process should be made clear and easy to facilitate the
sharing of innovative ideas.

Other challenges
Other challenges with repeatedly conducted surveys
such as those explored in the review include changes in
survey methodology that limit comparison between
survey years. For example, the changes in the admin-
istration and data collection procedures for the NYTS
due to the COVID-19 pandemic limits the ability to
compare estimates from 2021 with those from prior
NYTS.90 Another challenge worth mentioning is the
attrition and resampling challenges with longitudinal
studies like the PATH Study.
Considerations and conclusions
The importance of timely surveillance in tobacco control
cannot be overemphasized, especially for novel tobacco
products like e-cigarettes, which create a dynamic and
rapidly changing landscape. In this review, we identified
13 nationally representative surveys that conduct
ongoing assessments of e-cigarette use among youth
and adults in the U.S. We have highlighted some of
their unique strengths. While each of the surveys has its
particular strengths, some questions remain: Should we
continue to rely on 13 different surveys, or is there a
rationale to make one master survey that assesses, in
detail, e-cigarette use among the U.S. population? We
would argue that different surveys would encourage
innovation and complement each other in capturing
different domains of e-cigarette use. Also, with a single
survey, respondents may be required to answer several
questions, which may negatively impact the response
and completion rates.91 Furthermore, there is a role for
national surveys that evaluate e-cigarette use in specific
populations that have been structurally marginalized
such as the lesbian, gay, bisexual, transgender, queer, or
questioning persons, youth not enrolled in schools,
institutionalized persons, etc.
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Search strategy and selection criteria

References for this review were identified via PubMed and
Google/Google Scholar searches with terms including
“e-cigarette”, “vape”, “tobacco”, “electronic cigarettes”,
“United States”, “adolescents”, “youth”, and “adults”. Only
papers published in English were reviewed. We reviewed all
abstracts displayed in PubMed for our search terms to
obtain information on surveys that were used for the
various studies. We additionally queried ICPSR, a data
archiving platform, for e-cigarette-related publications and
variables using the terms “e-cigarettes”, “vape”, and
“electronic cigarettes”. The final reference list was
generated based on our inclusion criteria and relevance to
the scope of this review.
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We have also identified limitations and gaps that
can be filled to improve these surveys. Some sugges-
tions include improvement in near real-time surveil-
lance of e-cigarette use by complementing
conventional epidemiologic surveys using novel data
such as Google Trends and machine learning of social
media platforms; timeliness in incorporating new
questions or modifying existing questions to better
understand the rapidly changing e-cigarette landscape;
improvement in survey preambles so that they can
comprehensively capture the true prevalence of
e-cigarette use; and standardization of questions used
across surveys. Despite these gaps, it is essential to
highlight that the U.S. has some of the more robust
nationally representative surveys compared to other
countries. Therefore, it is vital that the tobacco regu-
latory science community learn about these surveys,
their strengths and weaknesses, and the opportunities
they provide to enhance our understanding and
knowledge synthesis for policymaking and tobacco
regulation. Moreover, it is equally important to realize
that most of these surveys present self-reported data
that are not independently verified, which represents a
major limitation. Traditional longitudinal cohorts with
in-person exams are needed to provide more rigorous
use pattern data as well as data related to specific,
clinically verified health outcomes.

While a major strength of this paper includes
comprehensively reviewing 13 nationally representative
surveys, we excluded some surveys that have important
information on e-cigarette use but did not completely
meet all the inclusion criteria. Such surveys include
state-specific or region-specific surveys (e.g., the Oregon
Healthy Teens Survey), surveys from nonrandom/
convenient sample of participants that are not nationally
representative, opinion polls or online surveys with
proprietary nontransparent methodologies such as the
Social Science Research Solutions Opinion Panel, and
surveys by tobacco companies, e.g., Altria Client Ser-
vices UTUS.
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