
VOLUME 45 NUMBER 3 MAY/JUNE 2021

SPECIAL ISSUE ON JUUL

Introduction to the Special Issue on JUUL Use
Saul Shiffman, Erik M. Augustson

Prevalence of ENDS and JUUL Use, by Smoking Status, in National Samples of Young Adults and Older 
Adults in the U.S.
Shivaani Prakash, Cameron Hatcher, Saul Shiffman

The Adult JUUL Switching and Smoking Trajectories (ADJUSST) Study: Methods and Analysis of 
Loss-to-Follow-Up
Saul Shiffman, Mark A. Sembower, Erik M. Augustson, Nicholas I. Goldenson, Farhana Haseen, 
Neil Patrick McKeganey, Christopher Russell

Switching away from Cigarettes across 12 Months among Adult Smokers Purchasing the JUUL System
Nicholas I. Goldenson, Saul Shiffman, Cameron Hatcher, Dish Lamichhane, Arzoo Gaggar, Gem M. Le, 
Shivaani Prakash, Erik M. Augustson

Dual Use of Cigarettes and JUUL: Trajectory and Cigarette Consumption
Arielle S. Selya, Saul Shiffman, Marisa Greenberg, Erik M. Augustson

Switching away from Cigarette Smoking with JUUL: Populations of Special Interest
Sooyong Kim, Saul Shiffman, Gem M. Le

Cigarette Smoking Trajectories in Adult Former Smokers Using the JUUL System
Gem M. Le, Nathan M. Holt, Nicholas I. Goldenson, Lauren C. Smith, Cameron Hatcher, Saul Shiffman, 
Erik M. Augustson

Smoking Trajectories of Adult Never Smokers 12 Months after First Purchase of a JUUL Starter Kit
Saul Shiffman, Nathan M. Holt

Transitions in Smoking among Adults Newly Purchasing the JUUL System
Shivaani Prakash, Yingying Xu, Nicholas I. Goldenson, Rasmus Wissmann, Robyn Gougelet, Saul Shiffman

Changes in Dependence as Smokers Switch from Cigarettes to JUUL in Two Nicotine Concentrations
Saul Shiffman, Nicholas I. Goldenson, Cameron Hatcher, Erik M. Augustson

Improving Retailer Compliance for Tobacco Purchases: Pilot Study Findings
Tengjiao Chen, Shivaani Prakash, Adam Zion, Jonah Joselow, Saul Shiffman, Parker D. Kasmer

Modeling the Population Health Impact of ENDS in the U.S.
Rasmus Wissmann, Changhua Zhan, Kenneth D’Amica, Shivaani Prakash, Yingying Xu

Closing Perspective on Special Issue on JUUL
Karl Fagerström

https://www.ajhb.org


Introduction to the Special Issue on JUUL Use     397-401

Prevalence of ENDS and JUUL Use, by Smoking Status, in National 
Samples of Young Adults and Older Adults in the U.S.    402-418

The Adult JUUL Switching and Smoking Trajectories (ADJUSST) Study: 
Methods and Analysis of Loss-to-Follow-Up      419-442

Switching away from Cigarettes across 12 Months among Adult Smokers 
Purchasing the JUUL System        443-463

Dual Use of Cigarettes and JUUL: Trajectory and Cigarette Consumption 464-485

Switching away from Cigarette Smoking with JUUL: Populations of 
Special Interest          486-504

Cigarette Smoking Trajectories in Adult Former Smokers Using the 
JUUL System           505-526

Smoking Trajectories of Adult Never Smokers 12 Months after First 
Purchase of a JUUL Starter Kit        527-545

Transitions in Smoking among Adults Newly Purchasing the JUUL 
System           546-562

Changes in Dependence as Smokers Switch from Cigarettes to JUUL in
Two Nicotine Concentrations        563-575

Improving Retailer Compliance for Tobacco Purchases: Pilot Study 
Findings           576-587

Modeling the Population Health Impact of ENDS in the U.S.   588-610

Closing Perspective on Special Issue on JUUL      611-613

Table of Contents



Am J Health Behav.™ 2021;45(3):397-401 397 

Cigarette smoking continues to exact a serious 
toll on public health as the greatest prevent-
able cause of premature mortality.1 Tobacco 

control efforts have been successful in reducing 
that toll, both through social policies such as taxa-
tion of cigarettes and education about the harms 
of smoking, as well as through treatment to help 
individual smokers quit. Nevertheless, 34 million 
American adults2 and 1.1 billion worldwide3 con-
tinue to smoke cigarettes, leading to over 7 million 
premature deaths every year due to disease caused 
by smoking of conventional cigarettes,4 which ex-
poses smokers to the products of combustion.

We must continue and even accelerate current 
initiatives to reduce smoking of conventional ciga-
rettes, but also change the current trajectory in a 
meaningful way, as well as explore expanded and 
novel approaches. Tobacco Harm Reduction is an 

important complement to current initiatives. The 
concept is simple and compelling – efforts to help 
smokers quit and to limit tobacco initiation among 
underage individuals should be continued and ex-
panded. Moreover, we also must supplement these 
efforts by providing a less harmful source of nico-
tine to reduce the risk to those who continue to 
smoke.

The vast majority of harm associated with ciga-
rette smoking comes from the toxicants in smoke 
created through combustion. Some 45 years ago, 
Michael Russell,5 a pioneer in nicotine research, 
noted: “People smoke for the nicotine but die they 
die from the tar.” The concept was reinforced in 
the 2014 Surgeon General’s Report, which was 
emphatic: “The burden of death and disease from 
tobacco use in the United States is overwhelmingly 
caused by cigarettes and other combusted tobacco 
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This special issue addresses key topics relating to the public health impact of the use of elec-
tronic nicotine delivery devices (ENDS), particularly JUUL-brand ENDS. Smokers smoke for nico-
tine, but are harmed by the byproducts of combustion. ENDS can play a role in tobacco harm 
reduction offering a noncombustible alternative source of nicotine for adult smokers who would 
otherwise continue smoking. Papers presented here estimate the prevalence of ENDS and JUUL 
use among young and older adults, and document the 12-month smoking trajectories of adults 
who purchased a JUUL Starter Kit. Overall, smoking prevalence was halved, with most smokers 
switching completely as dual use declined. This held for subpopulations defined by demograph-
ics and psychiatric comorbidity. For those who did not switch, most significantly reduced (50%+) 
their cigarette consumption. Another study reports that dependence declines as smokers switch 
from smoking to using JUUL. The public health potential of ENDS is undermined by use of ENDS 
by nonsmokers, especially underage individuals. Some smoking was reported by adult former 
and never smokers, with little evidence of persistent smoking, and lower risk of smoking among 
those using JUUL more frequently. Regarding underage use, one paper reports that technology 
can ensure age-verification at point of sale. Population modeling integrating impacts on diverse 
populations indicates that availability of ENDS is expected to avert millions of premature deaths 
in the US. We believe these papers make a substantial contribution to the field of tobacco sci-
ence and smoking controlnt.
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products; rapid elimination of their use will dra-
matically reduce this burden.”1,6

Tobacco harm reduction is not a new concept.7 
However, electronic nicotine delivery systems 
(ENDS) represent a significant opportunity to real-
ize tobacco harm reduction at the population level 
around the world. ENDS deliver nicotine through 
an inhaled aerosol (typically along with propylene 
glycol and/or vegetable glycerin, and flavorants), 
without any tobacco leaf and with no combustion. 
The long-term effects of using ENDS cannot be 
known precisely, but there is considerable data to 
conclude that ENDS use would carry much less risk 
than cigarette smoking. The Royal College of Med-
icine (United Kingdom) concluded that ENDS are 
likely to be at least 95% less risky, and a study by 
the US National Academies of Science, Engineer-
ing and Mathematics also concluded that ENDS 
would be associated with less risk than smoking. 
Thus, smokers switching from smoking to ENDS 
would be expected to have significant benefit to 
those individuals as well as to public health of the 
overall population.8,9 The use of ENDS has grown 
rapidly, making it important to have contempo-
rary data on who uses ENDS, how their use affects 
cigarette smoking, and the net effect of such use on 
population health.

As part of the growth of the ENDS category, 
products have evolved and diversified. One of the 
most widely used ENDS in this US is the JUUL 
System (henceforth “JUUL”), a nicotine-salt, pod-
based ENDS made by Juul Labs Inc (JLI). JUUL 
has been a subject of considerable scientific interest, 
both because of its widespread use among adults as 
well as concerns about use of JUUL among under-
age youth; over 150 papers have been published 
with “JUUL” in the title and/or abstract.

Here, we present a collection of papers report-
ing several behavioral studies, sponsored by JLI, of 
JUUL use among adults. The studies address an ar-
ray of important research questions, such as: Who 
uses JUUL? What is the trajectory of JUUL use 
over time? and concomitantly, What happens to 
cigarette smoking among JUUL users? A final pa-
per uses population modeling to integrate a diverse 
set of findings to project the impact on population 
health of the availability of ENDS such as JUUL.

Studies outside of this special issue have docu-
mented important features of JUUL, which bear 

on interpretation of the behavioral data presented 
here, and on their implication for public health. 
Two clinical studies showed that exposure to smok-
ing-related toxicants drops steeply when smokers 
switch to JUUL, approaching the reductions seen 
for those abstaining from both smoking and JUUL 
use.10,11 Two studies also have found that even the 
smokers who engage in dual use – continuing to 
smoke cigarettes while using JUUL – experience 
substantial reduction in exposures to smoking-
related toxicants.11,12 Pharmacokinetic studies find 
that the nicotine delivery profile of JUUL, as well 
as its reinforcement potential (“abuse liability”)13-15 
have concluded that JUUL lies between cigarettes 
and nicotine gum on these measures.

Importantly, the harm reduction potential of 
ENDS for adult smokers cannot come at the cost 
of high levels of underage use, which is of substan-
tial concern. Underage use of ENDS, including 
JUUL, continues to be unacceptably high. There 
are encouraging signs – data from the National 
Youth Tobacco Survey16 document a significant de-
cline in underage use of ENDS, including a ~70% 
decline in self-reported JUUL use as a primary 
brand, and Monitoring the Future data also show a 
steep decline in underage use of JUUL.17 Neverthe-
less, more needs to be done to accelerate this trend. 
One of the papers in this special issue18 describes 
an application of technologically-based solutions 
to restrict underage access to JUUL products and 
potentially, to all ENDS. Other forthcoming pa-
pers address issues in underage use of JUUL and 
other ENDS, and can form the basis for data-driv-
en measures to reduce underage use.

The studies in this special issue focus on deepen-
ing our understanding of JUUL use by adults, with 
the aim of improving our knowledge of how use 
of JUUL impacts subsequent combustible cigarette 
smoking, considering both potentially favorable 
transitions – eg, when smokers switch away from 
smoking cigarettes – and potentially unfavorable 
ones – eg, when never-smokers use JUUL and sub-
sequently smoke.

The papers in the special issue cover a range of 
questions. For example, Prakash et al19 document 
the prevalence of ENDS use – and JUUL use spe-
cifically – among adults, with some focus on young 
adults, as this is an important population particu-
larly likely to use ENDS.
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Seven papers, the core of this collection, draw 
upon JLI’s behavioral research program using data 
from the Adult JUUL System Users Switching & 
Smoking Trajectories (ADJUSST) study, which 
was carried out by the Centre for Substance Use 
Research (CSUR) with JLI sponsorship. A large 
sample (~55,000) of adults who had recently pur-
chased a JUUL Starter Kit were enrolled in a study 
that aimed to assess their behavior over a 12-month 
period. (Data from a separate study of similar de-
sign have been published by Russell et al.)20 The 
sample included individuals who were current, for-
mer, and never smokers at baseline. The primary 
outcome was past 30-day smoking, and JUUL use 
also was assessed. The study methods are described 
in the paper by Shiffman et al,21 which also pres-
ents analyses relevant to evaluating survey non-re-
sponse, finding minimal suggestion of bias in the 
outcomes.

Six other papers analyze ADJUSST data to docu-
ment the trajectories of smoking and JUUL use in 
diverse populations, by smoking status and other 
variables. Goldenson et al22 document high levels 
of “switching” – defined as no smoking at all in 
the previous 30 days – among those who entered 
the study as established smokers. Analyses in this 
paper also establish a link between subjective re-
inforcement from initial use of JUUL and later 
switching away from smoking, empirically validat-
ing the concept that a certain degree of reinforce-
ment (“abuse liability”) is necessary to facilitate 
switching.23,24 Kim et al25 consider how switching 
varies among smokers across populations of special 
interest, particularly by ethnicity and income, but 
also by mental health comorbidity, finding similar 
patterns across these diverse cohorts. Selya et al26 
examine the trajectory of dual use (continuing to 
smoke cigarettes while using JUUL) over time, and 
also document substantial reductions in cigarette 
consumption among dual users.

Le et al27 examine smoking trajectories among 
former smokers, and Shiffman et al28 examine these 
trajectories among baseline never-smokers. Both 
papers find that a small minority of these partici-
pants reported cigarette-smoking during the sub-
sequent year, but that more frequent JUUL use is 
associated with lower likelihood of smoking.

Finally, Prakash et al29 provide an overall perspec-
tive on the smoking trajectories of participants in 

the ADJUSST study by considering the 12-month 
smoking status across the full range of participants’ 
baseline smoking status. They find that the preva-
lence of cigarette smoking decreased by more than 
half between baseline and 12 months follow-up.

Further providing perspective is the paper by 
Wissmann et al,30 which uses population modeling 
to integrate data from ADJUSST and other sources 
(eg, PATH, NYTS) on both adults and youth, to 
project the expected impact on population health 
of the availability of ENDS such as JUUL. The 
modeling projects that 2.5 million premature 
deaths could be averted by the year 2100.

An additional paper, from a different study, ex-
amines dependence on JUUL. Shiffman et al31 ana-
lyze how dependence changes as smokers transition 
from cigarette smoking to JUUL use, finding that 
dependence significantly decreases, comparably for 
those using a higher-concentration nicotine e-liq-
uid (5.0% by weight) and for those using a lower-
concentration (3.0%).

These studies address core questions for under-
standing JUUL use, and its impact on population 
health. These are also the questions of core interest 
to the US Food and Drug Administration’s (FDA) 
Center for Tobacco Products (CTP). Congress 
granted the FDA the authority to regulate tobacco 
products, enabling CTP to authorize new tobac-
co products if they are deemed to be “appropri-
ate for the protection of the public health.” Thus, 
the public health concerns and regulatory agenda 
are aligned to support the availability of reduced-
risk products that have a net positive effect on the 
health of the population as a whole.

CTP determines whether a product is appropri-
ate for the protection of public health upon review 
of the product’s Premarket Tobacco Product Ap-
plication (PMTA). The studies presented in this 
special issue, along with the results from many 
additional studies, have been submitted to CTP 
as part of JLI’s PMTA for JUUL products, which 
requests authorization to continue marketing the 
JUUL device and JUULpods in 2 flavors (Virginia 
Tobacco and Menthol) at the 5.0% and 3.0% nic-
otine concentrations. As part of the transparency 
built into the PMTA process, all data and statistical 
code are provided to CTP. As of this writing, JLI’s 
PMTA is under scientific review by CTP.

We believe the findings presented here provide 
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crucial information in addressing many issues which 
have been raised regarding the effect of ENDS use, 
JUUL in particular, on combustible cigarettes use. 
As such, we believe these papers make a substantial 
contribution to the field of tobacco science and to-
bacco control.
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Electronic nicotine delivery systems (ENDS), 
commonly referred to as ‘electronic ciga-
rettes’ or e-cigarettes, have grown in pop-

ularity in the past decade among adults as an 
alternative to smoking combustible tobacco ciga-
rettes (henceforth: ‘cigarettes’).1-6 ENDS were the 
most frequent method reported by adult smokers 
for quitting smoking in the United States (US) in 
2014-15, used in 34.7% of respondents’ most re-
cent quit attempts.7 Although the long-term health 
risks of ENDS are not fully understood,8 available 
clinical and toxicological evidence suggests that 
they pose significantly less risk to adult smokers 
than combustible cigarettes.9,10 Complete switch-
ing from smoking to ENDS use by smokers who 

are otherwise unlikely to stop smoking can benefit 
population health.9,11-14

The availability of newer ENDS products in the 
US also has been accompanied by increases in use 
of these products in more recent years by individu-
als underage for purchase of tobacco products.15 
Annual and biannual US government sponsored 
surveys report the prevalence of ENDS use among 
the underages,15-17 sometimes broken down by 
product or brand.18-21 There has been a particular 
interest in documenting the use of JUUL-brand 
ENDS,20,21 in part, because JUUL was among the 
most-commonly reported ENDS brand in 2017;22 
over 150 published papers have focused on JUUL-
brand ENDS (search conducted in PubMed for 
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Prevalence of ENDS and JUUL Use, by  
Smoking Status, in National Samples of  
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Objectives: In this paper, we estimate the prevalence of electronic nicotine delivery systems 
(ENDS) and JUUL brand ENDS use among adults in the US, overall and by smoking history. Meth-
ods: We obtained 2019 cross-sectional online surveys assessing smoking, use of any ENDS, and 
JUUL specifically, in a national probability sample of 11,833 US adults. Data were analyzed for 
young adults (YA; aged 18-24) and older adults (OA; aged 25+). Results: Past 30-day ENDS preva-
lence was 8.0% in YA and 4.7% in OA; equivalent JUUL figures were 3.1% and 1.2%. ENDS/JUUL 
use was more prevalent among current and former smokers than never smokers, where preva-
lence was ≤ 2% (YA: 2.0%/0.9%; OA: 0.9%/0.1%). JUUL use was higher among recent (< 1 year) 
quitters than among long-term (≥ 1 year) quitters. Among those who had ever used both ENDS 
and other tobacco, strong majorities reported using other tobacco first. Among JUUL users who 
also had used other tobacco ≥ 95% had used other tobacco first. Conclusions: Past-30-day ENDS 
use (including JUUL) was ≤ 8% among young adults and ≤ 5% in older adults. Most (> 98%) ENDS 
and JUUL users were current or former smokers, which is relevant to assessment of the popula-
tion impact of these products.

Key words: electronic nicotine delivery system; smoking; prevalence; JUUL; tobacco
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“JUUL” in title/abstract in January, 2021). Adult 
prevalence is less frequently reported with such 
granularity but is also of interest, especially when 
distinguishing users based on users’ smoking and 
tobacco-use history. To assess the net population 
health impact of ENDS it is necessary to under-
stand both the potential beneficial uses of ENDS 
products (ie, by adult current smokers who would 
have otherwise continued smoking, and adult for-
mer smokers who may use ENDS as a means to 
prevent resumption of smoking) as well as poten-
tially harmful use (ie, by non-smokers or non-users 
of tobacco products who would not otherwise have 
used tobacco products).

Shifts in available ENDS products are likely to 
have implications for current adult prevalence of 
tobacco and nicotine product use. According to 
the National Health Interview Survey (NHIS), US 
adult ENDS use decreased from 3.7% to 2.8% in 
the 2014-2017 period,23,24 prior to increase in use of 
newer ENDS products/brands such as JUUL. The 
most recent data, from 2019,25 indicate that adult 
prevalence had increased to 4.5% overall, with nota-
bly higher prevalence of 9.3% among young adults 
18-24. The proportion of users who are young 
adults was higher for ENDS than for any other to-
bacco product class.26,27 Young adulthood is now 
the prime period for smoking initiation and pro-
gression.28 This period is also the time when many 
individuals are newly making decisions absent pa-
rental supervision, and is associated with high levels 
of risk-taking.26 All of this suggests the importance 
of studying ENDS use in this age cohort.

The prevalence of ENDS use is most common 
among current and former smokers. For example, 
the Truth Longitudinal Cohort study examined use 
of JUUL, reporting that in 2018-19, the majority 
of JUUL users aged 18+ had prior smoking his-
tory: the prevalence of past-30-day JUUL use was 
10 times higher among current smokers than never 
smokers.29 Other nationally-representative adult 
prevalence surveys also have consistently reported 
that most adult ENDS users (60%-80% across 
surveys) are current and former smokers, the ma-
jority of whom report using these products to stop 
smoking.2,23,29-32 A Cochrane Review of randomized 
clinical trials of ENDS concluded that ENDS were 
effective for quitting smoking, in a smoking-cessa-
tion setting. Three naturalistic follow-ups of adults 

who purchased JUUL reported substantial rates of 
complete switching away from cigarettes, with rates 
of past-30-day non-smoking ranging from 28% to 
41% 3 months after the purchase, and rising fur-
ther at later time-points, suggesting the potential 
for ENDs such as JUUL to facilitate switching.33-35

To address prevalence of adult ENDS use, and 
its distribution by smoking status, this paper re-
ports data from a 2019 survey assessing adult use 
of ENDS, including data specifically on the use 
of JUUL, and combustible cigarettes in national 
probability samples, analyzing the data specifically 
for young adults (18-24) and older adults (25+).

METHODS
Survey Procedure

This prevalence study consisted of 2 cross-sec-
tional survey waves collected approximately 4 
months apart: Wave 1 was fielded in April-May 
2019, and Wave 2 in August-September 2019. 
A random sample of subjects was drawn for each 
wave from KnowledgePanel (Ipsos-Insight, LLC), 
the largest probability-based online research panel 
in the US, which is designed to be representative 
of the non-institutionalized US population aged 
18 years and older,36 and has been used in several 
recent studies assessing use of ENDS.37-39 Adults 
are recruited to KnowledgePanel via residential 
address-based sampling or random digit dialing. 
The KnowledgePanel sampling frame covers 97% 
of US residential addresses; the panel currently 
has over 55,000 adult members. KnowledgePanel 
members average of 1-2 surveys per month,36,40 al-
though tobacco surveys are rare (eg, one in 2020). 
The sample included both young adults (“YA” 18-
24) and older adults (“OA” 25+), and these were 
weighted and analyzed separately (International 
Tobacco Control Project, 2018).41 Participants 
were invited to complete a 25-minute online sur-
vey after giving consent and confirming eligibility 
and were reimbursed USD20 for completion (stan-
dard for KnowledgePanel).

Members of the KnowledgePanel were eligible 
for this study if they were aged 18 years or older, 
lived in the US, and provided informed consent. 
The Advarra® Institutional Review Board (https://
www.advarra.com/about-advarra/accreditation-
and-compliance) approved the study.

In Wave 1 of the survey, 9766 invitations were 
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sent, 6155 panel members responded to the in-
vitation and of those, 5660 completed the study, 
yielding a 63.0% completion rate. In Wave 2, 
12,001 invitations were sent, 6414 panel members 
responded to the invitation and of those, 6223 
completed the study, yielding a 53.4% completion 
rate. These completion rates are in line with the 
KnowledgePanel’s typical completion rate of 60%. 
Wave 1 of the survey included 558 YA (aged 18-
24 years) and 5102 OA (aged 25 years or older). 
Wave 2 included 584 YA and 5639 OA. Close to 
1200 respondents in KnowledgePanel participat-
ed in both survey waves, as panel members were 
sampled with replacement (ie, a Wave 1 participant 
could be sampled again in Wave 2). As the present 
analyses pooled data from the 2 waves, to maximize 
sample size and maintain the independence of ob-
servations in the pooled sample, in cases where a 
participant answered both waves, only the Wave 1 
responses were used. Additionally, across the total 
dataset, 16 cases (5 YA, 11 OA) were dropped be-
cause of a skip pattern anomaly that allowed these 
respondents to enter discordant responses indicat-
ing that they were unaware of ENDS or JUUL but 
then reporting current use of those products.

Survey Measures 
Smoking and ENDS use. The primary measures 

of this study were self-reported ever and current 
cigarette smoking, use of ENDS of any brand, and 
use of JUUL. Status definitions followed those in 
other prevalence studies.2 Ever smoking was as-
sessed by the question: “Have you ever tried cig-
arette smoking, even one or 2 puffs?” (Yes/No). 
Participants who responded “Yes” were asked the 
number of days on which they had smoked in the 
past 30 days; those who had smoked in the past 
30 days categorized as current smokers. Former 
smokers reported ever but not current (past 30-
day) smoking, and never smokers were those who 
responded that they had never tried smoking. For-
mer smokers were stratified by how long they had 
been abstinent, less than a year (“Recent Quitters”) 
or one year or more (“Long-term Quitters”), con-
sistent with other studies.42,43 History and current 
use of other tobacco products were not assessed in 
Wave 1 but were assessed in Wave 2; Supplemental 
Tables S1-S4 summarizes data related to other to-
bacco use.

Questions about ENDS and JUUL use were 
asked only of those who indicated they were aware 
of ENDS or JUUL, respectively, to avoid exposing 
unaware individuals to these products. Those who 
were not aware were classified as never-users. The 
2 waves differed in the details of how ENDS and 
JUUL use were assessed. In the first survey wave, 
ever use of a JUUL was assessed with the ques-
tion: “Have you ever used a JUUL e-cigarette, even 
once or twice?” (Yes/No), among those indicating 
that they were aware of JUUL. Participants who 
responded “Yes” were asked the number of days on 
which they had used a JUUL in the past 30 days, 
with those responding that they had vaped one or 
more days in the past 30 categorized as current 
JUUL users. Former JUUL users were classified as 
those who reported ever but not current (past 30-
day) JUUL use, and never users were those who re-
sponded that they had never used a JUUL or were 
unaware of JUUL. Other ENDS use was assessed 
similarly, but asking about “any type of e-cigarette 
other than JUUL e-cigarettes.” Overall ENDS use 
prevalence was calculated by combining use of 
JUUL and use of ENDS other than JUUL.

In the second survey wave, ENDS and JUUL 
use groups were similarly defined, but the format 
of questions assessing ever and current ENDS 
and JUUL use changed slightly, such that respon-
dents identified the brand of ENDS they had used 
(ever or past 30 days) by selecting them from a list 
that included JUUL (see methodological note in 
Supplement 2). This was not unlike the change in 
questionnaires between the 2013 and 2014 NYTS 
surveys.44,45

Following CDC’s approach to analyzing the se-
quence of product initiation from a cross-sectional 
survey,46 participants who indicated having used 
any of the assessed products (cigarettes, ENDS, 
JUUL) were asked the age at which they first used 
that product.46,47 The order of first product use was 
determined from comparison of the reported ages 
of first use. Participants who reported the same age 
of first use for 2 products were asked to indicate 
which product they used first, and this was used to 
resolve the order, except in cases where participants 
indicated they could not recall or skipped this fol-
low-up question; those are tabulated as “used at the 
same age.” In the second wave only, participants 
were also asked these order-of-first-use questions 
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for other tobacco products as well.
Demographics and weighting. Data on self-re-

ported age, sex, race, and state of residence (grouped 
into 4 Census regions).48 were used for post-survey 
weighting. To adjust for survey non-response and 
selection bias, a post-stratification weighting ad-
justed the final survey sample to match the US 
adult population based on sex, age and census re-
gion, per the US Census Bureau’s Current Popula-
tion Survey.49

Data Analysis
All analyses were conducted in parallel for YA 

(aged 18-24) and OA (aged 25+). Percentages of 
ever and current (past 30-day) prevalence of smok-
ing, ENDS use and JUUL use were calculated from 
the survey responses. Descriptive analyses exam-
ined the proportion of current, former and never 
smokers who were current users of any ENDS and 
of JUUL, respectively, with former smokers strati-
fied by recent versus long-term quitters; and con-

Table 1
Sociodemographic Characteristics of Young and Older Adults

Sociodemographic Characteristics Young Adults (18-24)
(N = 858)

Older Adults (25+)
(N = 9422)

Age in years, Mean (SD) 21.10 (2.05) 51.05 (15.87)
Female Sex (vs Male) 49.9 (564) 51.8 (4926)
Race/Ethnicity
   Non-Hispanic White 53.9 (507) 64.8 (6807)
   Non-Hispanic Black 13.8 (68) 11.6 (856)
   Non-Hispanic Other Race 6.7 (43) 7.1 (392)
   Hispanic Ethnicity 23.2 (213) 15.4 (1075)
   Non-Hispanic Multiracial 2.4 (27) 1.2 (292)
Marital Status
   Married 6.3 (84) 62.0 (5965)
   Divorced, Separated or Widowed 0.5 (6) 16.7 (1721)
   Never Married 93.1 (768) 21.3 (1736)
Highest Level of Education Completed
   High School Graduate or Less Education 44.4 (275) 38.7 (2907)
   Some College or Associate Degree 43.5 (375) 26.3 (2712)
   Bachelor’s Degree or More Education 12.2 (208) 35.0 (3803)
Annual Household Income
   Less than USD50,000 34.9 (450) 33.5 (2990)
   USD50,000 - USD100,00 30.8 (271) 30.7 (3020)
   Greater than USD100,000 34.4 (137) 35.8 (3412)
Census Region
   Northeast 16.7 (141) 17.9 (1687)
   Midwest 21.4 (194) 20.7 (2143)
   South 38.2 (307) 37.6 (3405)
   West 23.7 (216) 23.8 (2187)

Note.
Values represent % (N) unless noted otherwise.
Pooled prevalence data across waves.
Percentages are population-weighted; Ns are unweighted.
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versely, the proportion of current ENDS/JUUL 
users who were current, former or never smokers. 
Finally, among those who had indicated ever use 
of 2 products (cigarettes and JUUL, cigarettes and 
other ENDS, JUUL and other ENDS), we report 
percentages within subgroups by which product 
they used first. A parallel analysis for all non-ENDS 
tobacco products (ie, not just cigarettes), in Wave 2 
only, is reported in supplemental material.

All sample sizes presented in tables are unweight-
ed, and all percentages are survey weighted. Two-
sided 95% confidence intervals were based on the 
binomial or multinomial distributions, as appro-
priate.50 All analyses were conducted in R v. 4.0.2.

RESULTS
Table 1 shows the demographic profile of the 

samples. The samples were predominantly white, 
but with substantial representation of Black and 
Hispanic participants. As would be expected, the 
YA sample was younger, and also more likely to 

never have been married and to have achieved less 
educational attainment. A greater proportion of 
the YA sample was classified as Hispanic, reflecting 
the fact that the average age of Hispanic adults is 
lower.49

As shown in Table 2, current past-30-day preva-
lence of any ENDS use was 8.0% in YA and 4.7% 
in OA. Young adults also had higher ever use 
(28.7%) than OA did (19.5%). A similar pattern 
was observed for use of JUUL specifically, which 
was also higher among YA (11.4% ever use, 3.1% 
current use) than among OA (4.1% ever use, 1.2% 
current use). The highest prevalence in both age 
cohorts was for cigarette smoking, both ever smok-
ing (YA: 31.6%, OA: 71.1%) and current smoking 
(YA: 8.4%, OA: 14.5%). As shown in Supplemen-
tal Table S1, the prevalence of all tobacco use was 
higher among OA than YA.

Table 3 presents prevalence of current ENDS 
use among current, former and never smokers in 
YA and OA. Prevalence of ENDS use was high-

Table 2
Prevalence of Ever and Past-30-day Cigarette Smoking, Any Type of ENDS Use, and JUUL 

ENDS Use among Young (18-24) and Older (25+) Adults, US, 2019

Young Adults (18-24)
(N = 858)

Older Adults (25+)
(N = 9422)

Measure Weighted %
(95% CI)

Unweighted
N

Weighted %
(95% CI)

Unweighted
N

Cigarette Smoking

   Ever smoked a cigarette 31.6 (27.6, 36.0) 309 71.1 (70.1, 72.1) 6813

   Smoked a cigarette in past 30 days 8.4 (6.3, 11.2) 80 14.5 (13.7, 15.3) 1248

Any ENDS Use (JUUL or Other)

   Ever used any ENDS 28.7 (24.8, 32.9) 276 19.5 (18.6, 20.4) 1689

   Used any ENDS (JUUL or other)  in the past 30 days 8.0 (5.9, 10.7) 78 4.7 (4.3, 5.3) 394

JUUL Use

   Ever used JUUL 11.4 (8.9, 14.5) 115 4.1 (3.6, 4.6) 327

   Used JUUL in past 30 days 3.1 (2.0, 4.7) 34 1.2 (1.0, 1.5) 99

Note.
CI = confidence interval
Pooled prevalence data across waves. 
Percentages are population-weighted; Ns are unweighted.
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est among current smokers (30.1% of YA smokers; 
16.3% of OA smokers), and lowest among never 
smokers (2.0% of YA never smokers; 0.4% of OA 
never smokers). Supplemental Table S2 shows par-
allel figures when all tobacco use is considered; the 
prevalence of ENDS use was ≤ 1% among never-
users of tobacco (other than ENDS). Among for-
mer smokers, those who had been quit for a year or 
more had lower ENDS prevalence, with especially 
large age-cohort differences among those who had 
been quit for a year or more (YA 16.7%; OA 3.3%).

Table 3 also presents parallel figures for current 
JUUL use among current, former and never smok-
ers in YA and OA. Prevalence of JUUL use was high-
est among current smokers (18.6% of YA; 5.2% of 
OA), and lowest among never smokers (0.9% of 
YA; 0.1% of OA). The prevalence of JUUL use was 
< 0.5% among never-users of tobacco (Supplemen-

tal Table S3). The figures for former smokers, by 
time since quitting, also parallel the figures for the 
overall ENDS category, although the sample sizes 
were smaller, leading to wider confidence intervals.

Table 4 presents the reported order of first use 
among those indicating ever use of 2 products (cig-
arettes and any ENDS, cigarettes and JUUL, other 
ENDS and JUUL). The vast majority of adults 
who had ever smoked a cigarette and also used 
ENDS indicate smoking cigarettes first (88.1% of 
YA, and 99.0% of OA). A minority of respondents 
in both age cohorts reported using ENDS first 
(11.3% of YA and 0.9% of OA). Figures were sim-
ilar for use of JUUL: 92.5% of YA and 98.3% of 
OA who used JUUL and smoked had smoked first. 
As shown in Supplemental Table S4, which consid-
ers all tobacco products, among the YA, 13.9% of 
those who smoked and used ENDS used ENDS 

Table 3
Prevalence of Current (Past-30-day) Use of Any ENDS (JUUL or other) and 
JUUL Products among Adults by Age Cohort and Smoking Status, US, 2019 

Young Adults (18-24)
(N = 858)

Older Adults (25+)
(N = 9422)

Smoking 
Group

% Reporting 
Past 30-day 
Any ENDS 
Use (JUUL 
or Other) 
(95% CI)

n/N

% Reporting 
Past 30-day 
JUUL Use
(95% CI)

n/N

% Reporting 
Past 30-day 
Any ENDS 
Use (JUUL 
or Other)
(95% CI)

n/N

% Reporting 
Past 30-day 
JUUL Use
(95% CI)

n/N

Current 
Smokersa

30.1
(21.0, 40.8) 29/80 18.6

(10.5, 28.6) 16/80 16.3
(13.4, 19.2) 190/1248 5.2

(3.4, 7.0) 58/1248

Former 
Smokersb

17.2
(11.0, 23.7) 37/228 3.9

(0.0, 9.4) 12/228 4.0
(3.0, 5.1) 195/5549 0.8

(0.4, 1.3) 39/5549

Recent 
Quitters  
(< 1 year)

19.0
(7.4, 33.8) 10/54 5.2

(0.0, 18.9) 3/54 18.5
(12.0, 25.1) 45/245 7.0

(2.4, 11.8) 16/245

Long-Term 
Quitters 
(1+ year)

16.7
(9.6, 24.1) 27/174 3.5

(0.0, 9.2) 9/174 3.3
(2.3, 4.3) 150/5304 0.5

(0.1, 0.9) 23/5304

Never 
Smokersc

2.0
(0.03, 4.2) 11/549 0.9

(0.0, 2.2) 6/549 0.4
(0.0, 0.9) 8/2593 0.1

(0.0, 0.3) 2/2593

Note.
CI = confidence interval
Pooled prevalence data across waves. 
Percentages are population-weighted; Ns are unweighted. 
a Reported smoking at all in the past 30 days.
b Reported having smoked at all in the past, but not in the past 30 days; Recent versus Long-term Quitters designated 
  by whether quitting occurred within the past year or over one year ago.
c Reported never having smoked at all; history of other tobacco use is not known
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Table 4
First Product Tried among Younger and Older Adults Who Had Ever Used Combustible 

Cigarettes and Any ENDS or JUUL ENDS, US, 2019
Measure Younger Adults (18-24) Older Adults (25+)

Product Used First %
(95% CI) n/N

Non-
missing %
(95% CI)

Valid 
n/N

%
(95% CI) n/N

Non-
missing %
(95% CI)

Valid 
n/N

Ever Smoked Cigarettes 
and Used Any ENDS 
(JUUL or Other)

(N = 208) (N = 1640)

   Smoked Cigarette First 87.1
(83.4, 91.4) 175/208 88.1

(84.4, 92.2) 175/206 98.0
(97.4, 98.6) 1613/1640 99.0

(98.6, 99.5) 1613/1627

   Used Any ENDS 
   (JUUL    or other) First

11.1
(7.5, 15.5) 29/208 11.3

(7.6, 15.4) 29/206 0.9
(0.3, 1.5) 12/1640 0.9

(0.5, 1.3) 12/1627

   Used at the Same Age 0.6
(0.0, 5.0) 2/208 0.7

(0.0, 4.8) 2/206 0.1
(0.0, 0.7) 2/1640 0.1

(0.0, 0.6) 2/1627

   Undetermined/Missinga 1.2
(0.0, 5.5) 2/208 — — 1.0

(0.4, 1.6) 13/1640 — —

Ever Smoked Cigarettes 
and Used JUUL (N = 93) (N = 319)

   Product Used First: %
(95% CI) n/N Valid %

(95% CI)
Valid 
n/N

%
(95% CI) n/N Valid %

(95% CI)
Valid 
n/N

   Smoked Cigarette First 88.2
(83.2, 94.6) 84/93 92.4

(88.2, 97.7) 84/91 95.0
(93.1, 97.2) 307/319 98.3

(97.2, 99.6) 307/311

   Used JUUL First 7.3
(2.3, 13.7) 7/93 7.6

(3.5, 13.0) 4/91 1.2
(0.0, 3.3) 3/319 1.2

(0.1, 2.5) 3/311

   Used at the Same Age 0.0
(0.0, 0.0) 0/93 0.0

(0.0, 0.0) 0/91 0.5
(0.0, 2.6) 1/319 0.5

(0.0, 1.8) 1/311

   Undetermined/Missinga 4.5
(0.0, 10.9) 2/93 — — 3.3

(1.4, 5.5) 8/319 — —

Ever Used JUUL and 
Ever Used Other (non-
JUUL) ENDS

(N = 115) (N = 327)

   Product First Used: %
(95% CI) n/N Valid %

(95% CI)
Valid 
n/N

%
(95% CI) n/N Valid %

(95% CI)
Valid 
n/N

   Used JUUL First 32.4
(24.2, 42.0) 32/115 35.1

(26.2, 44.9) 32/107 22.0
(17.2, 27.1) 74/327 23.9

(18.9, 28.9) 74/304

   Used Other (non-JUUL)
   ENDS First

45.4
(37.2, 55.0) 59/115 49.2

(40.3, 59.0) 59/107 61.9
(57.0, 66.9) 205/327 67.1

(62.1, 72.1) 205/304

   Used at the Same Age 14.5
(6.2, 24.1) 16/115 15.7

(6.8, 25.4) 16/107 8.3
(3.4, 13.4) 25/327 9.0

(4.0, 14.0) 25/304

   Undetermined/Missinga 7.7
(0.0, 17.3) 8/115 — — 7.8

(2.9, 12.8) 23/327 — —

Note.
CI = confidence interval.
Pooled prevalence data across waves.
Percentages are population-weighted; Ns are unweighted.
Percentages may not sum to 100 due to rounding.
a Undetermined/Missing indicates that age of first use of one or both products, or response on whether ENDS/JUUL or 
  cigarettes were used first, was not provided.
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first; for JUUL use this was 5.0%. Among OA, less 
than 2% had used ENDS or JUUL first. Finally, 
among those who had ever used both JUUL and 
other ENDS, Table 4 shows that in both age co-
horts the majority of those in whom order could be 
determined (58.4% of YA, 73.8% of OA) reported 
having started using ENDS with other non-JUUL 
ENDS.

DISCUSSION
To measure the prevalence of smoking, ENDS 

use, and JUUL use in the adult population, 2 waves 
of a survey in representative samples of US adults 
were conducted in 2019, with analyses addressing 
the behavior of both young adults (aged 18-24) 
and older adults (aged 25 and over). Prevalence of 
current, past-30-day ENDS use was higher among 
young adults (8.0%) than among older adults 
(4.7%). Likewise, prevalence of current JUUL use 
was higher among young adults (3.1%) as com-
pared to older adults (1.2%).

The prevalence estimates from this survey are in 

line with those from other nationally representative 
US surveys, and particularly consistent with those 
from NHIS, as Table 5 shows. Estimates of ENDS 
use in the 2018-19 period among adults over 18 
vary between 2.3% and 9.3% across age groups. 
Estimates vary across surveys such as NHIS,30 
BRFSS,51 the TLC29 and CPS-TUS;2 this may be 
related to survey methodologies (eg, phone vs on-
line surveys) and the definitions of current use of 
ENDS (some surveys measure current use by past-
30-day use, others by use every day or some days).

Most surveys of adults also have demonstrated 
modest (and often non-significant) increases in 
overall adult ENDS-use prevalence in the past few 
years, but relatively larger and significant increases 
among adults below age 30.52,53 The younger adults 
are also the group for whom smoking prevalence 
has declined most significantly in the same time 
period.54 Time-series trend analyses of the CPS-
TUS also demonstrate that the increase in reported 
ENDS use among adult smokers was associated 
with a statistically significant increase in the smok-

Table 5
Prevalence of Adult ENDS Use by Data Source among Nationally 

Representative Samples, 2018-19
Current ENDS Use

Ages Survey 
Administration Time Period Young Adult Older Adult

National Health 
Interview Survey (NHIS)
– 201830

18+ In-person interview

Jan–Dec 2018 18–24: 7.6%a
25–44: 4.3%a

45–64: 2.1%a

65+: 0.8% a

– 201930 Jan–Dec 2019 18–24: 9.3%a
25–44: 6.4%a

45–64: 3.0%a

65+: 0.8%a

Behavioral Risk Factor 
Surveillance System (
BRFSS) – 201851

18+ Phone-based survey Jan–Dec 2018 18–24: 7.5%a 25+: 2.3% a

US Census Population Survey 
Tobacco Use Supplement 
(TUS-CPS) 2018-192

18+ Phone and  
In-person

Jul 2018
Jan 2019
May 2019

18–24: 4.7%b 25+: 2.3%b

Truth  
Longitudinal Cohort 
(TLC) 201929

18–
34 Online Feb - May 2019

18–20: 21.8%b

21–24: 16.7%b 25–34: 8.6%b

This Study – 2019 18+ Online Apr 2019
Sept 2019 18–24: 8.0%b 25+: 4.7%b

Note.
a Current ENDS use defined as “currently using e-cigarettes every day or some days.”
b Current ENDS use defined as any use in the past 30 days.
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ing cessation rate at the population level over time.55 
Overall, these patterns suggest that adults may be 
using ENDS products as an alternative to cigarette 
smoking.

ENDS use, including JUUL use, was concen-
trated in those with a smoking and tobacco-use 
history. Use of ENDS was most prevalent among 
current smokers and former smokers. In both age 
cohorts, prevalence of current JUUL product use 
was highest among those who were current smok-
ers, and between 15-50 times lower (among young 
adults and older adults, respectively) in those who 
have never smoked.

The finding that ENDS and JUUL use is most 
prevalent among current smokers is consistent with 
other prevalence surveys of ENDS use in the US 
adult population. NHIS30 and BRFSS1,31,51,56 also 
report that the vast majority of ENDS use was in 
current and former smokers. In NHIS, the adult 
prevalence of current ENDS use was more than 8 
times higher among current smokers than among 
never-smokers.30 Similar results were reported for 
both ENDS use and JUUL use in the TLC, a lon-
gitudinal survey of respondents aged 15-34.29

Use of ENDS by former smokers was intermedi-
ate, at about one-fifth the prevalence seen in current 
smokers. Use of ENDS and JUUL among former 
smokers may be driven, in part, by their vulnerabil-
ity to smoking relapse. Recent former smokers of-
ten struggle to refrain from smoking, with relapse 
rates being high in the first year after quitting, and 
continuing risk thereafter.57,58 Consistent with this, 
use of ENDS in general, and JUUL specifically, 
was much more prevalent among past-year quitters 
than among longer-term quitters. Similar findings 
were reported in NHIS.30,59 Le et al60 report that 
some former smokers (up to 20% of past-year quit-
ters, up to 10% of longer-duration quitters) report 
some past-30-day smoking at particular follow-ups 
over the year after purchasing a JUUL Start Kit, 
but the likelihood of smoking was reduced when 
JUUL was used more frequently.

ENDS or JUUL use by adult never smokers was 
uncommon; overall, our findings suggest that < 
1% of the adult never smokers are currently using 
JUUL or other ENDS. The prevalence was also low 
among the Wave 2 respondents who reported never 
having used any tobacco product. This survey does 
not address why never-smoking or never-tobacco-

using adults were using ENDS or JUUL. As Shiff-
man et al34 describe, many never smokers who 
purchase JUUL have previous history with ENDS 
use; this also aligns with the present findings on or-
der of initiation, as the majority of adults who had 
ever used JUUL and other ENDS reported use of 
other ENDS first. In any case, use by never-smok-
ing or never-tobacco-using individuals can lead to 
addiction and health risks. However, some evidence 
suggests that use of ENDS may divert individuals 
who would otherwise have smoked from taking up 
smoking,61 in which case, their health risks would 
be lower than if they had gone on to smoke.

For those who have both used JUUL (or ENDS) 
and smoked cigarettes (or used other tobacco), the 
sequence in which the 2 products were first used is 
relevant to considering whether there is any pos-
sible causal relationship between the 2, as the cause 
must come before the effect. Like Kowitt, et al62 we 
examined the sequence of product initiation, and 
found that the overwhelming majority of young 
adults who used ENDS (in general, and JUUL spe-
cifically) and who also smoked cigarettes or used 
other tobacco products, reported having initiated 
smoking/tobacco use before using JUUL or any 
ENDS. Not inconsistent with this, longitudinal 
studies have found that some individuals who ini-
tiate ENDS use subsequently smoke and are more 
likely to do so than non-ENDS-users. The chal-
lenge of such data has been establishing whether 
that linkage is causal, or reflects non-causal dynam-
ics, such as shared predispositions to use ENDs and 
to smoke.63-68 The findings on the sequence in older 
adults are less informative, as many would have ini-
tiated tobacco use at a time when ENDS did not 
yet exist.

A major strength of this cross-sectional survey is 
that it was nationally representative, with random 
selection from the largest probability-based online 
panel in the US, which also has been used in other 
surveys aiming for representativeness.37-39 It also 
provided data on the use of JUUL, a commonly 
used brand of ENDS, which has received consid-
erable attention in the literature on youth,20,21 but 
for which limited data on adult prevalence have 
been available. The survey also provided data on 
the sequence of initiation of ENDS and JUUL in 
relation to cigarettes and other tobacco products, 
which is relevant to hypotheses about whether 
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ENDS use may cause individuals to smoke (ie, 
“gateway”).69

Several limitations of this study should be ac-
knowledged. First, these 2 cross-sectional surveys, 
conducted close in time to each other, provide a 
point estimate of prevalence, and do not address 
trends over time. As with any observational study, 
causal relationships cannot be inferred from these 
data. Second, the potential for misclassification of 
JUUL exists; authors have pointed out that users 
may have difficulty identifying the ENDS they are 
using,70 and some surveys use photos of devices71 to 
help respondents accurately identify the one they 
use. Finally, limited sample sizes in the survey limit 
the precision of our estimates, particularly among 
the young adults, and particularly in subsets with 
low prevalence, such as young adult former smok-
ers. We combined 2 waves of data collection to 
maximize the sample size, and thus, the precision 
of estimates. This required pooling estimates based 
on slightly different methods of wording questions 
about product use. The combined estimates may 
balance whatever biases are inherent in each meth-
od of asking these questions. The first wave of the 
survey did not assess respondents’ history of using 
tobacco products other than cigarettes and ENDS, 
reducing the sample on which these parameters 
could be assessed.

Conclusion
In this nationally representative cross-sectional 

survey of US adults, we found that past-30-day 
use of ENDS was higher among young adults than 
among adults 25 and older. This was also true for 
JUUL. ENDS and JUUL use was highest among 
current smokers. Among former smokers, it was 
higher among those who had stopped smoking 
within the past year, and thus, were particularly 
vulnerable to smoking relapse. Among those who 
had ever used JUUL or any ENDS and had also 
smoked, most (> 85%) participants had smoked 
prior to using ENDS or JUUL. Assessing preva-
lence of use of specific ENDS products among 
adults can help lay a foundation for understanding 
the public health impact of these products.
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Table S1
Prevalence of Ever and Past 30-day Use of Any Tobacco Producta among Young (18-24) 

and Older (25+) Adults (Wave 2), US, 2019
Young Adults (18-24)

Wave 2
(N = 584)

Older Adults (25+)
Wave 2

(N = 5639)

Measure Weighted %
(95% CI)

Unweighted
N

Weighted %
(95% CI)

Unweighted
N

Ever Use of Any Tobacco 
Productsa

37.8%
(33.0, 42.8) 251 74.6%

(73.3, 75.8) 4271

Used Any Tobacco Producta 
in the Past 30 Days

13.0%
(10.2, 16.4) 86 19.4%

(18.2, 20.5) 1012

Note.
CI = confidence interval. Percentages are population-weighted; Ns are unweighted
a Tobacco product use includes: cigarettes, cigars, chewing tobacco/snuff/dip, hookah, roll-your-own cigarettes, 
  pipes filled with tobacco (not waterpipe), snus, dissolvable tobacco products, and bidis (small brown cigarettes 
  wrapped in a leaf).

Table S2
Prevalence of Current (Past 30-day) Use of Any ENDS among Adults by Tobacco 

Product History, by Age Cohort (Wave 2), US, 2019
Young Adults (18-24)

Wave 2
(N = 584)

Older Adults (25+)
Wave 2

(N = 5639)

Tobacco Use Group
% Reporting Past 
30-Day ENDS Use

(95% CI)
n/N

% Reporting Past 
30-Day ENDS Use

(95% CI)
n/N

Currently Use Tobacco Productsa 29.6%
(17.1, 42.0) 27/86 13.3%

(11.1, 15.6) 124/1012

Formerly Used Tobacco Productsb 17.5%
(10.0, 25.0) 24/165 3.5%

(2.8, 4.2) 99/3253

Never Used Tobacco Productsc 1.0%
(0.0, 2.4) 4/327 0.2%

(0.0, 0.5) 2/1351

Note.
CI = confidence interval. Percentages are population-weighted; Ns are unweighted. 
a Reported smoking or used other tobacco products (except for JUUL and any ENDS) at all in the past 30 days.
b Reported having smoked or used other tobacco products (except for JUUL and any ENDS) at all in the past, 
  but not in the past 30 days.
c Reported never having smoked or used other tobacco products (except for JUUL and any ENDS) at all.

SUPPLEMENT 1
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Table S3
Prevalence of Current (Past 30-day) Use of JUUL Products among Adults by Tobacco 

Product History, by Age Cohort (Wave 2), US, 2019
Young Adults (18-24)

Wave 2 (N = 584)
Older Adults (25+)
Wave 2 (N = 5639)

Tobacco Use Group
% Reporting Past 
30-day JUUL Use

(95% CI)
n/N

% Reporting Past 
30-day JUUL Use

(95% CI)
n/N

Currently Use Tobacco Productsa 19.2%
(8.4, 29.0) 16/86 4.9%

(3.4, 6.3) 45/1012

Formerly Used Tobacco Productsb 7.4%
(2.2, 12.5) 9/165 0.8%

(0.4, 1.1) 21/3253

Never Used Tobacco Productsc 0.4%
(0.0, 1.2) 2/327 0.0%

(0.0, 0.0) 0/1351

Note.
CI = confidence interval. Percentages are population-weighted; Ns are unweighted. 
a Reported smoking or using other tobacco products (except for JUUL and any ENDS) at all in the past 30 days.
b Reported having smoked or used other tobacco products (except for JUUL and any ENDS) at all in the past, but 
  not in the past 30 days.
c Reported never having smoked or used other tobacco products (except for JUUL and any ENDS) at all.
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Table S4
First Product Tried among Younger and Older Adults Who Had Ever Used Any 

Tobacco Product and Any ENDS or JUUL ENDS (Wave 2), US, 2019

Measure Younger Adults
(18-24)

Older Adults
(25+)

Product Used First %
(95% CI) n/N Valid %

(95% CI)
Valid
n/N

%
(95% CI) n/N Valid %

(95% CI)
Valid
n/N

Ever Used Any 
Tobacco Product 
and Used Any ENDS

(N = 151) (N = 980)

   Used Other Tobacco 
   Product First

43.9%
(35.3, 53.5) 65/151 74.1%

(64.9, 83.5) 65/90 98.8%
(98.4, 99.5) 970/980 99.2%

(98.8, 99.7) 970/977

   Used Any ENDS 8.2%
(0.0, 17.8) 17/151 13.9%

(4.7, 23.3) 17/90 0.5%
(0.1, 1.2) 5/980 0.5%

(0.1, 1.1) 5/977

   Used at the Same 
   Age

7.1%
(0.0, 16.6) 8/151 12.0%

(2.8, 21.4) 8/90 0.3%
(0.0, 0.9) 2/980 0.3%

(0.0, 0.9) 2/977

   Undetermined/
   Missinga

56.1%
(47.5, 65.0) 61/151 — — 0.4%

(0.0, 1.0) 3/980 — —

Ever Used Any 
Tobacco Product
and Used JUUL

(N = 74) (N = 250)

   Used Other Tobacco 
   Product First

64.5%
(53.6, 76.9) 51/74 95.0%

(90.4, 100.0) 51/53 96.3%
(94.6, 98.5) 242/250 98.9%

(98.1, 100.0) 242/244

   Used JUUL First 3.4%
(0.0, 15.7) 2/74 5.0%

(0.3, 10.8) 2/53 1.1%
(0.0, 3.3) 2/250 1.1%

(0.4, 2.6) 2/244

   Used at the Same 
   Age

0.0%
(0.0, 0.0) 0/74 0.0%

(0.0, 0.0) 0/53 0.0%
(0.0, 0.0) 0/250 0.0%

(0.0, 0.0) 0/244

   Undetermined/
   Missinga

32.1%
(21.1, 44.4) 21/74 — — 2.6

(0.8, 4.7) 6/250 — —

Note.
CI = confidence interval. 
Percentages are population-weighted; Ns are unweighted.
Valid percentages exclude missing from the denominator; percentages may not sum to 100 due to rounding.
a Undetermined/Missing indicates that age of first use of one or both products, or response on whether ENDS/JUUL or 
  tobacco products were used first, was not provided. A large number of younger adult participants did not respond 
  to the following survey item used to calculate the order in which a given tobacco product was used: “How old were 
  you when you first tried using [particular product], even once or twice?” To account for known status the valid % 
  shows the responses of individuals whose order of first use could be ascertained.
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SUPPLEMENT 2

Survey Measures Assessing ENDS and Juul Use across Survey Waves
We note that in the first survey wave, JUUL use was assessed based on a binary (Yes/No) response to the 

question: “Have you ever used a JUUL e-cigarette, even once or twice?” Similarly, ENDS use was assessed 
with a Yes/No response to the question: “Have you ever used any type of e-cigarette other than JUUL e-
cigarettes, even once or twice?” Current (past 30-day) use was then assessed among those indicating ever 
use of JUUL or non-JUUL ENDS.

In the second survey wave, the format of questions was modified such that Ever Use of JUUL and non-
JUUL ENDS was assessed based on the question: “Have you ever used any of the brands of e-cigarettes 
listed below, even once?” with a set of response options encompassing available US brands, including 
JUUL. Current JUUL and ENDS use was assessed based on the question: “Have you used any of these 
brands of e-cigarettes at all in the past 30 days?” with a similar set of response options encompassing avail-
able US brands including JUUL. The order of response options was randomized for respondents in the 
survey.

Previous analyses of the impact of format method effects for questions assessing tobacco product use 
by Delnevo et al1 found that endorsement of ENDS use is almost doubled when the question is asked as 
a single Y/N response, compared to selecting an item from a list. Our analyses of prevalence separately 
by survey wave do not show a difference of this magnitude, and in fact, for one measure (current JUUL 
use), we see a movement in the opposite direction when the multiple response option question was used 
as compared to the binary response (see Supplement Table S5). There are likely potential issues of response 
bias or misclassification associated with use of either question format; however, the impact across waves 
in our survey does not seem to be drastic. As such, we report ever and current JUUL and ENDS use mea-
sures from the pooled data set in the main findings, along with confidence intervals. The true prevalence 
estimate likely lies somewhere within this range.

Supplementary Reference
 1. Delnevo CD, Gundersen DA, Manderski MTB, et al. Importance of survey design for studying the epidemiology of emerg-

ing tobacco product use among Youth. Am J Epidemiol. 2017;186(4):405-410.
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Table S5
Prevalence of Adult ENDS Use among Young (18-24) and Older (25+) Adults by 

Survey Wave, US, 2019

Measure

Younger Adults
(18-24) 

Older Adults 
(25+)

Wave 1 
(N = 553)

Wave 2
(N = 305)

Wave 1
(N = 5094)

Wave 2
(N = 4328)

% (95% CI) N % (95% CI) N % (95% CI) N % (95% CI) N

Ever ENDS Use 29.8% 
(24.7, 35.5) 175 26.7% 

(21.2, 33.1) 101 21.1% 
(19.8, 22.3) 989 17.7% 

(16.4, 19.0) 700

Current ENDS Use 7.3% 
(4.7, 11.1) 41 9.2% 

(6.3, 13.3) 37 5.4% 
(4.8, 6.2) 247 3.9% 

(3.3, 4.7) 147

Ever JUUL Use 10.4% 
(7.3, 14.6) 66 13.1% 

(9.2, 18.3) 49 3.6% 
(3.0, 4.3) 152 4.6% 

(3.9, 5.4) 175

Current JUUL Use 2.5% 
(1.4, 4.5) 19 4.1% 

(2.2, 7.6) 15 1.2% 
(0.9, 1.7) 52 1.3% 

(0.9, 1.7) 47

Note.
Pooled prevalence data across waves.
Percentages are population-weighted; Ns are unweighted.
Wave 2 data excludes repeat surveys from Wave 1 participants.
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Cigarette smoking is the greatest cause of pre-
ventable death and disease in the Western 
world,1 making stopping smoking an ur-

gent public health priority. Russell2 observed that 
people smoke for the nicotine but die from the tar, 
ie, nicotine helps maintain the behavior, but the 
harms associated with smoking are due largely to 
the products of combustion that smokers inhale. 

This insight has been noted by regulatory bod-
ies and health experts,1,3,4 leading to the idea that 
helping smokers to switch away from smoking to 
a product that delivers nicotine without smoke 
would reduce harm, even if it maintained nicotine 
use, which itself carries risk.5

The use of nicotine for tobacco harm reduction 
was advocated decades ago,2,6 but the development 
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of e-cigarettes, or electronic nicotine delivery sys-
tems (ENDS), has been thought to embody this 
potential.3,7,8 Several randomized clinical smoking-
cessation trials9,10 and an observational follow-up 
of adult smokers initiating use of JUUL, a widely-
used ENDS brand,11 have concluded that using 
ENDS can help smokers switch away from smok-
ing. However, ENDS also have attracted concern, 
particularly due to use by youth12,13 and non-smok-
ers.14,15 Although smokers reduce their exposure to 
smoking-related toxicants when they switch from 
smoking to ENDS,8 non-smokers or former smok-
ers who take up ENDS take on new or renewed 
exposure to nicotine; it has been speculated that 
this also may increase the chances of progressing 
to smoking.14,16,17 Accordingly, it is important to 
understand the trajectory of smoking behavior fol-
lowing adoption of ENDS, not only by smokers, 
but also by former and never-smokers.

A variety of methods have contributed to our 
understanding of ENDS use, including qualitative 
studies,18 case studies,19 cross-sectional surveys,20,21 
and randomized controlled clinical trials.9,22 Lon-
gitudinal observational studies following ENDS 
users over time to examine changes in tobacco-use 
behavior over time can provide a unique perspec-
tive. Several such studies have been published,23-25 
typically assessing ENDS users’ tobacco-use status 
a year after baseline assessment.

The Adult JUUL System Users Switching and 
Smoking Trajectories (ADJUSST) study described 
in this paper was a longitudinal observational in-
market surveillance study, designed and carried out 
by researchers at the Centre for Substance Use Re-
search (Glasgow, Scotland) to examine the trajec-
tory of tobacco use over several timepoints in the 
year following the purchase of a JUUL Starter Kit 
(JSK) among adults with varying smoking histo-
ries. JUUL products are a pod-based ENDS brand 
using nicotine-salt e-liquids. JUUL is the single 
most commonly used brand of ENDS in the Unit-
ed States (US),26 making it of particular interest. 
ADJUSST was not an interventional study but a 
naturalistic observational study; participants were 
not selected to have any particular behavioral goal 
(such as stopping smoking) nor told to aim for any 
particular outcomes. Participants were not provid-
ed with any product or instruction, or behavioral 
support, but just observed over time through sur-

vey responses.
This paper has 3 objectives: (1) to describe the 

overall methods of ADJUSST, and subsequent 
papers in this issue analyze the smoking trajecto-
ries of established smokers,27,28 former established 
smokers,29 and never-smokers;30 (2) to describe the 
characteristics of JSK purchasers, including their 
smoking status and history; and (3) to address the 
issue of potential bias due to loss to follow-up in 
ADJUSST. Loss to follow-up is a challenge in all 
longitudinal studies.31-33 It is not inherently prob-
lematic; the concern is that if non-responders differ 
from responders, it could bias the estimates of out-
comes. An extreme example of this is the assump-
tion in smoking-cessation treatment trials that all 
non-respondents are smoking,34,35 an assumption 
supported by a study that re-contacted cessation-
trial non-responders, and found that 100% had re-
sumed smoking.36 Analyses of non-respondents in 
ADJUSST address the potential for bias in 2 ways: 
(1) by comparing demographic and smoking char-
acteristics of those with varying rates of responding; 
and (2) by analyzing reports from initial non-re-
sponders who were subsequently recontacted.

METHODS
Participants

We invited individuals who purchased a JUUL 
Starter Kit (JSK), which sold for USD40-USD50 
and contained a JUUL device, a USB charging 
dock, and 4 JUULpods (Virginia Tobacco, Mint, 
Mango and Creme flavors, all 5.0% nicotine con-
centration), either in a retail store or through the 
manufacturer’s website, between June and Octo-
ber 2018, to participate in “a survey about vaping, 
smoking, and JUUL products” for USD30 com-
pensation. Online purchasers were emailed invita-
tions within 1-2 days after the scheduled delivery 
of the JSK. Retail purchasers were invited to par-
ticipate via cards in the package of approximately 
500,000 JSKs distributed to retailers throughout 
the US. (These were used to recruit for other stud-
ies besides ADJUSST). The invitation cards con-
tained a Web address and a unique code that was 
valid for one entry.

Eligibility criteria were: (1) age ≥ 21 years (the 
minimum purchase age at the ecommerce website 
and in many jurisdictions); (2) US permanent resi-
dent; (3) purchased a JSK for the first time within 
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the past 7 days, and (4) neither they nor family 
were employed by Juul Labs Inc or PAX Labs Inc. 
Participants whose survey entries had a duplicate 
IP address, duplicate contact email addresses, or a 
non-US IP address were excluded.

Procedure
Participants completed an informed consent 

form for “an online survey of your views and ex-
periences of smoking cigarettes and using JUUL 
vapor products” whose purpose was “to better un-
derstand the types of people who buy the JUUL 
Starter Kit, their reasons for using a JUUL, and 
what impact, if any, using a JUUL has on cigarette 
smoking.” All surveys were completed online in 
English. The surveys included branching logic pro-
grammed by investigators that routed participants 
to relevant questions based on their prior respons-
es. Participants answered survey questions at their 
own pace. Participants who completed the baseline 
survey received email invitations for follow-up sur-
veys approximately 1, 2, 3, 6, 9, and 12 months 
after completing the baseline assessment. The invi-
tations noted: “You are eligible to take this survey 
whether or not you still use a JUUL, and whether 
or not you still smoke cigarettes,” and reminded 
participants of the USD30 compensation and the 
confidentiality of their information. Participants 
received 2 reminders to complete each survey, and 
access to the survey expired 10 days after the initial 
invitation. Participants were eligible for the next 
survey even if they did not complete the previous 
one. The median time to complete was 18 minutes 
(IQR = 11) for the baseline survey and 10 minutes 
(IQR = 8) for follow-ups. Participants were com-
pensated with a USD30 virtual Visa Reward Card 
for each survey (baseline or follow-up).

There were no constraints on participants’ sub-
sequent purchases or use of JUUL; they could 
purchase or not, and use or not, at their own dis-
cretion, and could move freely between purchase 
channels (ie, online enrollees could purchase at re-
tail and vice versa).

Measures
The survey items were primarily adapted from the 

Waves 1 and 2 of the Adult Population Assessment 
of Tobacco and Health (PATH) Study.37 The sur-
veys covered a broad array of topics. Here, we focus 

on the assessments of smoking and JUUL use, and 
particularly on the variables that are used in anal-
yses in the other papers in this issue.27-30,38,39 The 
relevant survey items can be obtained at https://
www.juullabs.com/wp-content/uploads/2021/03/
ADJUSST-Baseline-and-Follow-Up.pdf. 

Sociodemographic characteristics. At baseline, 
items assessed age in years, sex, race/ethnicity, mar-
ital status, highest level of educational attainment, 
annual household income and household size.

Past 30-day cigarette smoking (status, frequen-
cy and quantity). At baseline and at each follow-
up, participants were asked: “In the past 30 days, 
have you smoked a cigarette, even one or 2 puffs?” 
Report of past-30-day smoking was used both at 
baseline, to classify participants by smoking status 
(see below, and Tables 1 and 2), and as an outcome 
at each follow-up, following the example of other 
similar studies.37,40

Participants who reported smoking in the past 
30 days also were asked: “Do you now smoke 
cigarettes,” with response options of “Every day,” 
“Some days,” or “Not at all.” Those who said they 
smoked some days or every day were asked how 
many days of the last 30 they had smoked, and how 
many cigarettes (on average) they had smoked on 
the days they smoked. Average cigarettes per day 
variable was computed as ([days per month × ciga-
rettes per smoking day]/30). Past-30-day smok-
ers said they now smoked “not at all,” who were 
considered non-smokers in some studies23 were 
counted as smokers, but were not asked about the 
frequency/quantity of smoking.

Baseline smoking and ENDS history and smok-
ing status. At baseline, we queried participants 
about their smoking. They were asked: “Have you 
ever smoked a cigarette, even one or 2 puffs?” Those 
who responded “Yes” were then asked: “How many 
cigarettes have you smoked in your entire life?” (di-
chotomized at 100 or more cigarettes). Based on 
these 2 questions, plus the questions about past-
30-day smoking and now smoking every day, some 
days or not at all (above), participants were clas-
sified into one of 7 mutually exclusive cigarette 
smoking status groups (Table 1).

Neither history nor current use of non-cigarette, 
non-ENDS tobacco products (eg, cigars, hookah, 
smokeless tobacco) was assessed at baseline or at 
follow-up.
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Duration of smoking and of abstinence from 
smoking. Participants who reported smoking regu-
larly also were asked the age at which they first start-
ed smoking cigarettes regularly. Participants who 
reported smoking “Every day” or “Some days” were 
also asked about their duration of regular smoking. 
Participants who reported ever smoking, but not in 
the past 30 days or “Not at all” in the past 30 days 
were asked the duration of their past regular smok-
ing and also asked when they had completely quit 
smoking (“Within past 12 months” vs “More than 
12 months ago”).

Readiness to quit smoking. Participants who re-
ported past-30-day smoking at baseline were asked 
whether they planned to quit smoking in the next 
30 days, an indicator of readiness to quit.

Cigarette dependence. At the baseline assess-
ment, combustible cigarette dependence was as-
sessed with the Adult Tobacco Dependence Index 
(TDI), a composite measure of 16 items drawn 
from the Wisconsin Inventory of Smoking Depen-
dence Motives,41 the Nicotine Dependence Syn-
drome Scale,42 and the Diagnostic and Statistical 

Manual of Mental Disorders,43 that was validated 
in the PATH Adult survey for assessing cigarette 
dependence.44,45 Participants answered 15 items on 
scales from 1 (“Not true of me at all”) to 5 (“Ex-
tremely true of me”); the single dichotomous DSM 
item was recoded to this scale, and a composite av-
erage score was computed.

Assessment of JUUL use and dependence at 
follow-ups. At each follow-up assessment, past-30-
day use of JUUL was assessed in a manner parallel 
to assessment of smoking. Participants were asked 
whether they had used JUUL in the past 30 days 
(“even one or 2 puffs”). Those who had were asked 
whether they “now use a JUUL…‘Every day’, 
‘Some days’, or ‘Not at all’.” Those using “Every 
day” or “Some days” were then asked about the 
number of days they used JUUL in the past 30 days 
and the number of times they used JUUL each day: 
(“On average, on those days you used a JUUL, how 
many times did you usually use a JUUL each day? 
Assume that one ‘time’ consists of around 15 puffs, 
or 10 minutes.” [continuous]).46 Those who report-
ed they were now using JUUL “Not at all” were not 

Table 1
Smoking Status of Participants (N = 55,414) at the Time of First Purchase of a JSK 

(Baseline Assessment)

Ever 
Smokeda

Smoked 100 
Cigarettes 

in Lifetimeb

Past 
30-day 

Smokingc

Now Smoke 
Every Day 

or Some 
Daysd

Smoking Status Proportion of Sample
% (N)

Yes Yes Yes Yes Current established smoker 41.3 (22,905)

Yes Yes Yes No Past-30-day established smoker now not 
smoking at all 9.1 (5024)

Yes Yes No — Former established smoker 11.0 (6086)

Yes No Yes — Current experimental smoker 11.1 (6166)

Yes No No — Former experimental smoker 12.2 (6786)

No — — — Never smoker 9.4 (5234)

— — — — Undeterminede 5.8 (3213)

Note.
a “Have you ever smoked a cigarette, even one or 2 puffs?”
b “How many cigarettes have you smoked in your entire life? A pack usually has 20 cigarettes in it.”
c “In the past 30 days, have you smoked a cigarette, even one or 2 puffs?”
d “Do you now smoke cigarettes every day, some days, or not at all?”
e Missing one or more variables necessary for classification: 77.9% missing current (past-30-day) smoking, 19.0% 
  missing everyday/some days, 1.0% missing lifetime smoking, 2.0% missing ever-smoking. Missing data on some 
  variables resulted in multiple missing values due to skip patterns.
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asked frequency or quantity.
At each follow-up assessment level of JUUL de-

pendence was assessed with the 16-item PATH 
TDI, adapted for JUUL. The PATH TDI has 
been explicitly validated for assessing dependence 
on ENDS, and for comparison of dependence on 
cigarettes compared to ENDS.44,45

Methods of the Re-engagement Survey
To gain insight into non-respondents to the 

follow-ups, enrollees who missed the 12-month 
survey (N = 26,561, 48% of the enrolled) were in-
vited to a re-engagement survey. Invitations were 
sent 4-16 weeks after the 12-month survey period 
had ended (ie, 14 to 16 months after participants’ 
enrollment). A reminder email was sent within 10 
days of the initial email invitation, and availability 
of the survey ended 30 days after the first email 
invitation. The survey took approximately 15 min-
utes to complete, and completers were compen-
sated USD30.

Altogether, 4692 (18%) of eligible enrollees 
completed the re-engagement survey. The profile 
of missed follow-ups in this sample mirrored that 
seen in the overall ADJUSST sample.

Measures
The survey included questions about respon-

dents’ current smoking and JUUL use at the time 
of the re-engagement survey (participants reported 
on their current behavior, not retrospectively on 

their behavior at the time of the missed 12-month 
survey). Paralleling the questions used in the fol-
low-up surveys, participants were asked whether 
they had smoked at all, even a puff, in the preced-
ing 30 days. The survey similarly asked about past-
30-day use of JUUL.

Additionally, respondents were asked why they 
had failed to respond to scheduled surveys, check-
ing as many listed reasons as applied. To summarize 
the multiple responses, respondents were assigned 
to a category in order of priority, ie, they were as-
signed to the highest-priority category, even if they 
also endorsed a lower-priority one. The categories, 
in order of priority, were: because they returned to 
smoking, stopped using JUUL, experienced survey 
issues (eg, survey unavailable, payment not enough 
for bother, etc., aggregated into a single category), 
or other reasons (eg, stopped smoking cigarettes). 
These responses were tallied by participants’ base-
line smoking status, paralleling the stratification 
used for analyses of baseline differences (Table 1).

Analysis of baseline characteristics by response 
to follow-up. Response to follow-ups was analyzed 
by grouping enrollees 3 ways based on their pat-
tern of survey response: (1) those who provided 
smoking-status data at all follow-ups through 12 
months; (2) those who provided data at some but 
not all follow-ups; and (3) those who provided data 
at none of the follow-ups. This allowed for vari-
ous contrasts, informing analyses that use complete 
cases and those that use all available data, including 
partial data.

Table 2
Smoking History and Current Status of the Sample

Cohort N Percent Percent of higher-order category

Total baseline sample 55,414 100.0%

Ever-smoking status unknown 66

Ever status known 55,348

Never smoked 5234 9.5%

Ever smoked 50,114 90.5% 100.0%

 Current smoker (past 30 days) 34,732 62.8% 72.9%

 Former smoker 12,880 23.3% 27.1%

 Current smoking status unknown 2502 4.5%
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Contrasts among these groups were performed 
for the demographic variables of age, sex, marital 
status, ethnicity, education, and income. Because 
the sample sizes are so large, making even small 
differences statistically significant, we focused on 

effect sizes – R2 for continuous variables and the 
uncertainty coefficient (a measure of how much the 
predictor reduces uncertainty or variability in the 
follow-up status)47 for categorical variables. These 
analyses were conducted on the entire enrolled co-

Figure 1
Participant Flow Diagram
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hort, and also separately within strata defined by 
smoking status and history (Table 1). Because the 
trends were similar across these strata, we focus 
on the whole-cohort analysis, but include the by-
stratum analyses in supplemental material (Supple-
mentary Tables S1-S7).

For participants with data on smoking behavior 
at baseline (established smokers and experiment-
ers), additional analyses assessed differences among 
the 3 missing-data groups in baseline smoking 
characteristics (ie, daily vs non-daily smoking, 
number of days smoked in the past 30 days, ciga-
rettes per day, at age initiation of regular smoking, 
duration of regular smoking, cigarette dependence, 
and plans to quit within 30 days).

Analysis of Re-engagement Data
Participants’ reports of current smoking and 

current JUUL use, and their endorsed reasons for 
non-response, reported descriptively by baseline 
smoking status (Table 1).

RESULTS
A total of 55,414 individuals consented and com-

pleted the baseline survey (Figure 1). Over three-
fourths of the enrollees (42,981, 77.6%) provided 
at least some follow-up data; the others (12,433; 
22.4%) did not complete any follow-ups; one-fourth 
(N = 13,729; 24.8%) completed all 6 follow-ups.

Most enrollees (29,252; 52.8%) provided partial 
data; of these, 70.5% completed at least 3 of the 6 
follow-ups. Their pattern of missed follow-ups was 
not characterized by discontinuation, ie, complet-
ing follow-ups, but then dropping from the study 
and completing no subsequent follow-ups. Rather, 
83.5% of those with partial data showed a pattern of 
intermittent responding, ie, they missed one or more 
follow-ups, but then returned at subsequent follow-
ups (respondents who missed only the 12-month 
follow-up [6.3% of those with partial data] could 
not be counted as returning, as this was the last ob-
servation in these analyses). In the partial-data co-
hort, 80.9% completed at least one of the follow-ups 
in the second half of the year, at or after 6 months.

Table 2 shows the reported smoking history at 
baseline of the baseline participants. Over 90% of 
enrollees reported a history of smoking. Most of 
these (72.9%) were smoking (past-30-days) at the 

time of enrollment. Among those with a history of 
smoking, 71.3% of those had smoked at least 100 
cigarettes in their lifetime (the criterion for estab-
lished smoking). Among participants who had ever 
smoked, 72.9% reported currently smoking (ie, in 
the past-30-days) at baseline.

Table 1 shows the more differentiated smok-
ing status definitions that were used for analyses. 
The largest group of participants was current es-
tablished smokers, who had smoked at least 100 
cigarettes, lifetime, had smoked in the previous 
30 days, and said they now smoked every day or 
some days. Goldenson et al27 report their smoking 
trajectories, and Kim et al28 report on subgroups 
of special interest. There was a substantial fraction 
of established smokers who said they had smoked 
in the past 30 days, but reported they were now 
smoking “not at all.” Analyses of data from PATH 
(Supplement 2) suggest that these may be indi-
viduals who considered themselves to have stopped 
smoking more recently than 30 days ago. Selya et 
al39 report on smoking trajectories of all the base-
line smokers. Former established smokers, who 
had smoked at least 100 cigarettes but had not 
smoked in the past 30 days, were another group. 
Le et al29 report their smoking trajectories. Experi-
mental smokers were those who had smoked, but 
fewer than 100 cigarettes lifetime, and they were 
subdivided according to their current smoking at 
baseline. Finally, the smallest group was comprised 
of individuals who said they had never smoked 
cigarettes (although they could have used other to-
bacco products, which was not asked about in this 
survey). Shiffman and Holt30 report their smoking 
trajectories. Prakash et al38 report the smoking sta-
tus of all groups at 12 months.

Comparisons of Responders and Non-
responders on Baseline Demographic and 
Smoking Variables

Table 3 shows the distribution of baseline de-
mographics for participants who completed all 
6 follow-up assessments, 1-5 follow-ups, and no 
follow-ups. The table also shows statistical tests of 
differences, and indicators of effect size. All differ-
ences were statistically significant, given the large 
sample sizes, but the effect sizes were all small, with 
R2 and UC ≤ 0.001 (ie, smaller than a ‘small’ effect 
size of 0.1).48 The differences were also small in an 
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absolute sense; eg, age varied by less than one year 
and membership in income strata by less than 3%.

Table 4 shows the baseline smoking character-

istics of baseline current established smokers, by 
follow-up response status. Again, some differences 
were statistically significant, but effect size indices 

Table 3
Sociodemographic Characteristics by Survey Response Status

Sociodemographic Characteristics

No Smoking 
Data at Any 
Follow-ups 
(N = 12,433)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 29,252)

Smoking 
Data at All 6 
Follow-ups 
(N = 13,729)

Total  
(N = 55,414)

Test of 
Difference 

(p)

UC 
or R2

Age (years), Mean (SD) 30.22 (11.48) 29.83 (10.63) 30.39 (10.37) 30.06 (10.77) < .001 0.0005

Sex N (%) < .001 0.0011
    Male 7820 (63.6) 17,232 (59.4) 7776 (57.1) 32,828 (59.7)
    Female 4394 (35.7) 11,630 (40.1) 5766 (42.3) 21,790 (39.7)
    Transgender 81 (0.7) 168 (0.6) 77 (0.6) 326 (0.6)
Race/Ethnicity N (%) < .001 0.0006
    Non-Hispanic White 8776 (77.8) 20,320 (75.0) 9501 (74.7) 38,597 (75.5)
    Non-Hispanic Black 342 (3.0) 968 (3.6) 539 (4.2) 1849 (3.6)
    Non-Hispanic Asian 527 (4.7) 1535 (5.7) 723 (5.7) 2785 (5.5)
    Non-Hispanic Other Race 536 (4.8) 1347 (5.0) 589 (4.6) 2472 (4.8)
    Hispanic Ethnicity 1100 (9.8) 2932 (10.8) 1362 (10.7) 5394 (10.6)
Marital Status N (%) < .001 0.0006
    Married 2630 (22.1) 6281 (22.0) 3424 (25.3) 12,335 (22.8)
    Divorced, Separated or Widowed 1391 (11.7) 3134 (11.0) 1512 (11.2) 6037 (11.2)
    Never Married 7906 (66.3) 19,124 (67.0) 8599 (63.5) 35629 (66.0)
Highest Level of Education N (%) < .001 0.0007
    High school graduate or less 3723 (34.0) 8053 (30.3) 3740 (29.7) 15,516 (31.0)
    Some college or associate degree 4366 (39.9) 11,125 (41.9) 5443 (43.2) 20,934 (41.8)
    Bachelor’s degree or more 2849 (26.0) 7398 (27.8) 3426 (27.2) 13,673 (27.3)
Annual Income N (%) < .001 0.0003
    < $50k 5321 (54.0) 13,090 (53.7) 6430 (55.3) 24,841 (54.2)
    $50k-$100k 2610 (26.5) 6687 (27.4) 3221 (27.7) 12,518 (27.3)
    > $100k 1920 (19.5) 4587 (18.8) 1971 (17.0) 8478 (18.5)

Note.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
variables).
Data presented as N (%) unless otherwise noted. Denominators may be less than column heads due to missing data.
Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in sociodemographic characteristics between: (1) participants who did not provide valid smoking 
  data at any follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all 
  follow-up assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-
  baseline with conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables). 
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are 
  used to predict smoking data status. R2 is an effect size indicator continuous variables, expressing the percentage of 
  variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
  effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect
   relationship.
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never exceeded 0.002; for example, those with no 
follow-up data had the lowest cigarette dependence 
score, but only by 0.09 points, and their baseline 
cigarette consumption exceeded those of the other 
groups by less than one cigarette per day. They did 
not differ in readiness to quit smoking. For smok-
ing experimenters at baseline (Table 5), the only 
statically significant difference by follow-up re-
sponse was that those with complete data were less 
likely to be ready to quit smoking at baseline – by 
about 5%.

Re-engagement Study
Table 6 shows the percent of respondents in the 

re-engagement survey who reported they had not 
smoked at all in the preceding 30 days, grouped by 
participants’ baseline smoking status. As expected, 
and consistent with data on the participants who 
did complete the original 12-month assessment,38 
the prevalence of no smoking in the past 30 days 
was highest among those who had not been smok-
ing at baseline. For example, 87% of never smok-
ers and around 80% of former smokers reported 
no past-30-day smoking. The prevalence of re-
ported past-30-day abstinence from smoking was 
46% among baseline current established smokers 
and 67% among baseline past-30-day established 
smokers who had said they were smoking “not 

Table 4
Smoking Characteristics by Survey Response Status, Among Current 

Established Smokers at Baseline

Smoking Characteristics

No Smoking 
Data at Any 
Follow-up  
(N = 4919)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 12,309)

Smoking 
Data at All 6 
Follow-ups 
(N = 5677)

Total  
(N = 22,905)

Test of 
Difference 

(p)

UC 
or R2

“Now smoking…” N (%) < .001 0.0004
   Some days 2237 (45.5) 5732 (46.6) 2448 (43.1) 10,417 (45.5)
   Every day 2682 (54.5) 6577 (53.4) 3229 (56.9) 12,488 (54.5)
Age started smoking regularly 
(years) 18.26 (4.07) 18.18 (3.71) 18.10 (3.76) 18.18 (3.80) .111 0.0002

Years regular smoker 13.30 (11.81) 12.21 (10.77) 12.83 (10.42) 12.60 (10.93) < .001 0.0017
Cigarette smoking dependence 
at baselinea 2.98 (1.08) 3.00 (1.07) 3.07 (1.08) 3.01 (1.08) < .001 0.0008

No. days smoked cigarettes 
in past 30 days at baseline 23.30 (9.44) 23.19 (9.50) 23.58 (9.40) 23.31 (9.46) .044 0.0003

No. cigarettes smoked per day 
at baseline 11.94 (9.08) 10.98 (8.08) 11.37 (8.31) 11.28 (8.37) < .001 0.0021

Planning to quit within 30 
days N (%) 1998 (43.6) 4997 (43.0) 2359 (44.0) 9354 (43.4) .421 0.00005

Note.
a Combustible cigarette dependence, 16-item measure validated in PATH Study Adult Survey (Range: 1-5).44

Data presented as Mean (SD) unless otherwise noted. Abbreviations: UC, uncertainty coefficient (effect size indicator 
   for contingency tables with categorical or ordinal variables).
Denominators may be less than column heads due to missing data. Age started smoking regularly was only assessed 
   among those who affirmed smoking fairly regularly at some point in their lifetime. Dependence, number of days smoked 
   cigarettes in the past 30 days, number of cigarettes smoked per day, and years smoked regularly were only assessed 
   among those who were currently smoking some days and every day at baseline.
Tests of differences in smoking characteristics were conducted with either χ2 (categorical variables) or one-way analysis 
   of variance (continuous variables). 
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are 
   used to predict smoking data status. R2 is an effect size indicator continuous variables, expressing the percentage 
   of variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
   effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect 
   relationship.
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at all.” In all but the baseline current established 
smokers group, the majority were abstinent at the 

time of re-engagement. As Supplementary Table 
S8 shows, among baseline smokers (established 

Table 5
Smoking Characteristics by Survey Response Status, among Current 

Smoking Experimenters at Baseline

Smoking Characteristics

No Smoking 
Data across 
Follow-up  
(N = 1435)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 3228)

Smoking 
Data at all 6 
Follow-ups 
(N = 1503)

Total  
(N = 6166)

Test of 
Difference 

(p)
UC or R2

No. of Cigarettes Smoked 
in Lifetime N (%) .145 0.0009

   1 or more puffs but never a 
   whole cigarette 107 (7.5) 256 (7.9) 151 (10.1) 514 (8.3)

   1 to 10 cigarettes 316 (22.0) 710 (22.0) 328 (21.8) 1354 (22.0)
   11 to 20 cigarettes 376 (26.2) 838 (26.0) 373 (24.8) 1587 (25.7)
   21 to 50 cigarettes 347 (24.2) 808 (25.0) 339 (22.6) 1494 (24.2)
   51 to 99 cigarettes 289 (20.1) 616 (19.1) 312 (20.8) 1217 (19.7)
“Now smoking…” N (%) .690 0.0002
   Not at all 514 (37.5) 1228 (39.7) 579 (39.9) 2321 (39.2)
   Some days 622 (45.4) 1361 (44.0) 632 (43.5) 2615 (44.2)
   Every day 234 (17.1) 507 (16.4) 242 (16.7) 983 (16.6)
Age started smoking regularly 
(years) 19.01 (4.22) 18.82 (3.59) 18.89 (3.53) 18.88 (3.73) .581 0.0004

Years regular smoker 8.05 (10.94) 7.13 (9.93) 7.63 (10.28) 7.47 (10.27) .092 0.0014
Cigarette smoking dependence 
at baselinea 2.39 (1.12) 2.40 (1.18) 2.38 (1.11) 2.39 (1.15) .853 0.0001

No. days smoked cigarettes in 
past 30 days at baseline 14.77 (11.53) 14.36 (11.36) 14.14 (11.48) 14.40 (11.43) .513 0.0004

No. cigarettes smoked per day 
at baseline 7.97 (9.25) 7.18 (8.61) 7.36 (8.45) 7.41 (8.73) .103 0.0013

Planning to quit within 30 days 
N (%) 354 (45.6) 776 (44.8) 321 (39.9) 1451 (43.8) .038 0.0010

Note.
a Combustible cigarette dependence, 16-item measure validated in PATH Study Adult Survey (Range: 1-5).44

Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
   variables).
Data presented as Mean (SD) unless otherwise noted. Denominators may be less than column heads due to missing data. 
Age started smoking regularly was only assessed among those who affirmed smoking fairly regularly at some point in 
   their lifetime. Dependence, number of days smoked cigarettes in the past 30 days, number of cigarettes smoked per 
   day, and years smoked regularly were only assessed among those who were currently smoking some days and every 
   Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in smoking characteristics among: (1) participants who did not provide valid smoking data at any 
   follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all follow-up 
   assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-baseline were 
   conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables). 
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are 
   used to predict smoking data status. R2 is an effect size indicator continuous variables, expressing the percentage of 
   variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
   effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a 
   perfect relationship.
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and experimenters), both those who reported be-
ing ready to quit at baseline and those who did not 
reported past-30-day abstinence exceeding 40% at 
re-engagement.

Table 6 also shows respondents’ stated reasons 
for their prior non-response, by baseline smoking 
status. In each group, less than 6% indicated it 
was because they had started or restarted smoking 
cigarettes. Similarly, the percent reporting that they 
stopped responding because they had stopped us-
ing JUUL was under 5% for almost all groups, and 
below 8% for all. Across all groups, having stopped 
smoking cigarettes was cited by less than 5% as a 
reason for non-response. By far, the most common 
reasons given by all smoking status groups (approx-
imately 80% of respondents in all groups) were rea-
sons related to survey issues, such as not being paid 
enough, surveys being too long, or having respond-
ed too late, after the survey window had closed. 
As Supplementary Table S8 shows, among base-
line smokers (established and experimenters) both 
those who reported being ready to quit at baseline 

and those who did not largely attributed their non-
response to survey issues, and few cited smoking or 
stopping JUUL use as a reason.

DISCUSSION
We collected data from a large cohort of adults 

who newly purchased a JUUL Starter Kit, and fol-
lowed up on them multiple times over the succeed-
ing year. As such, the study is expected to provide 
relevant insights into the trajectory of smoking and 
JUUL use in a sample with varied smoking history. 
The majority of JUUL purchasers were past-30-
day smokers at the time of the purchase. Therefore, 
understanding whether they continue to smoke or 
switch away from smoking when using JUUL can 
elucidate the potential for public health benefit 
from use of JUUL.

Conversely, some JSK purchasers were former- or 
never-smokers, whose use of JUUL or any other 
ENDS carries risk, particularly if it were to lead 
to smoking in individuals who would not other-
wise have smoked. The prevalence of JUUL use 

Table 6
Reported Smoking Status, and Reasons for Non-response, among Participants in the 

Re-engagement Survey, Stratified by Baseline Smoking Status
Participantsa Baseline Smoking Status

Current 
Established 

Smokers
(N = 1900)

Other Past 
30-day 

Established 
Smokers
(N = 430)

Former 
Established 

Smokers 
(N = 532)

Current 
Experimenters

(N = 531)

Former 
Experimenters

(N = 585)

Never 
Smokers
(N = 449) 

Smoking status at 
Re-engagement

   % not smoking past 30 days 46.0% 66.7% 80.7% 64.9% 79.3% 86.9%

Reasons for non-response†

   Started smoking 4.5% 4.1% 1.9% 5.9% 2.8% 3.1%

   Stopped using JUUL 3.6% 4.8% 4.1% 4.8% 6.0% 7.2%

   Survey process reasons 80.9% 79.9% 83.0% 79.1% 81.9% 80.7%

   Other reasons 11.0% 11.1% 10.9% 10.2% 9.3% 9.1%

Stopped smoking cigarettes‡ 2.0% 4.1% 1.9% 2.9% 2.0% 1.9%

Note.
a Coded to be exhaustive and mutually exclusive by prioritizing assignment to reasons in the order shown. That is, for 
   example, respondents who endorsed “Started smoking” were tallied under that category even if they also endorsed 
   “Survey process reasons”
b This was coded as part of the “Other reasons” category, but is also reported separately here.
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in these non-smoking groups is much lower than 
that among smokers; Prakash et al49 report that 
the prevalence of JUUL use is 3.9% among young 
adult former smokers, and 0.8% among former-
smoking adults 25 and older; for never-smokers, 
the prevalence figures were 0.9% for young adults 
and 0.1% in the older cohorts. Nevertheless, the 
use of JUUL in these groups is of concern. Thus, 
this study may provide important information 
about both the beneficial and harmful trajectories 
of ENDS use and smoking after adoption of JUUL. 
More in-depth analyses by Le et al29 and Shiffman 
and Holt30 provide data on subsequent smoking in 
former- and never-smokers, respectively.

The study provides detail about JUUL purchas-
ers’ trajectories, with multiple observations over 12 
months (comprising over 180,000 follow-up ob-
servations), but many participants did not respond 
to every (or, in some cases, any) follow-up. Loss to 
follow-up occurs in all longitudinal surveys. For ex-
ample, the International Tobacco Control Survey 
reported 37% attrition at the first follow-up of US 
participants, dropping to a cumulative loss of 63% 
at the second follow-up.50 The present survey had 
shorter follow-up intervals, but correspondingly 
more numerous follow-ups and narrower windows 
for responding to survey invitations.

In any case, one has to be sensitive to the po-
tential that such non-response could bias the data 
that are available for analysis. Accordingly, analy-
ses were undertaken to evaluate the potential for 
bias due to differential drop-out by participants 
differing in characteristics. Comparisons of de-
mographic and smoking history variables among 
enrollees who provided no, some, or all follow-
up data found only small differences. Even when 
they were found to be statistically significant, due 
to the large sample sizes, the observed differences 
were small both in absolute terms, and in terms 
of statistical effect-sizes, which showed them to 
be consistently smaller than even ‘small’ effects.48 
Importantly, the observed differences did not con-
sistently suggest that non-respondents were more 
predisposed to later smoking. For example, among 
baseline current established smokers, enrollees who 
provided partial or no follow-up data had lower 
cigarette dependence scores, which were associ-
ated with lower likelihood of later smoking.27 On 
baseline readiness to quit, a robust predictor of 

later switching,27 there were no differences by fol-
low-up response, and among experimental smok-
ers, those who completed all follow-ups were least 
likely to have been ready to quit smoking. Some 
demographic characteristics that have been shown 
to favor later smoking in established smokers us-
ing JUUL (eg, being older, female, or Hispanic)11 
were also lower in non-responders. In short, these 
analyses do not support any suggestion that non-
respondents at follow-up were more predisposed to 
smoking. 

A similar conclusion derives from a second set 
of analyses to assess potential bias due to non-re-
sponse, by examination of reports from enrollees 
who had missed at least the 12-month follow-up 
in the study. One concern was that participants 
might have failed to respond because they had 
resumed smoking, which could bias the smoking 
status reported by the remaining responders. How-
ever, resumption of smoking was rarely a reason for 
discontinuation, reported by only 4.5% of base-
line established smokers and 5.9% of experiment-
ers. The predominant reasons for discontinuation, 
endorsed by approximately 80% in all groups, 
were those typically associated with surveys, and 
unrelated to outcomes of interest, such as finding 
it inconvenient to respond or missing the survey 
time window. The pattern of missed assessments, 
which showed that respondents with some miss-
ing follow-ups typically returned to do subsequent 
follow-ups, was consistent with the cited temporal 
reasons for missing follow-ups. Results were simi-
lar for smokers who had and had not been ready 
to quit at baseline, again providing no evidence of 
bias related to the likelihood of later switching.

In smoking cessation trials, where smokers are 
being treated to achieve abstinence, it is typically 
assumed that non-respondents to follow-up are 
smoking, and that they avoid responding to avoid 
reporting failure. Indeed, in a re-engagement study 
that recontacted a group of non-respondents, 
Foulds et al36 report that 100% reported they had 
resumed smoking, supporting the strong imputa-
tion in smoking cessation treatment trials that all 
non-respondents are smoking. The data collected 
at re-engagement with non-respondents in this 
study were different; among baseline established 
smokers, almost half reported past-30-day absti-
nence. Even among those who had not been ready 
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to quit at baseline, 40% reported abstinence (lower 
than the 54% reported by those who were ready to 
quit, consistent with the observation that readiness 
to quit smoking foretells a higher switch rate).27 
Other groups that had not been smoking at base-
line reported still higher rates of abstinence.

A key distinction between the cessation treat-
ment setting and this naturalistic observational 
study is that treatment trials are centered on ab-
stinence goals that define success and failure for 
participants. That was not the case in ADJUSST; 
participants purchased JUUL on their own, with-
out needing to subscribe to any particular goal, 
and they were not given any particular directions 
or goals, so there was no prospect of ‘failure.’ More-
over, the respondents had not been provided with 
any ‘treatment,’ so there was no prospect of embar-
rassing or disappointing clinicians who had been 
trying to help them. This likely removes the social 
incentive to avoid contact in order to avoid report-
ing ‘failure.’ Indeed, non-interventional survey 
studies following ENDS users have not imputed 
failure to those lost to follow-up, nor required bio-
chemical verification of non-smoking status.51-56

Limitations and Strengths
As with any study, ADJUSST has limitations. 

Like other surveys of similar design,24,37,50 it relied 
on participants’ self-reports and did not use bio-
chemical verification of smoking status. The sample 
is not necessarily representative of the population 
of JSK purchasers; it is not known how purchas-
ers who volunteered for the study might differ from 
those who did not, either online or at retail. As the 
study used online surveys in English, participation 
required knowledge of English and access to the In-
ternet, which are not universal. Furthermore, the 
sample is not representative of all JUUL users; en-
rollees had purchased a JSK, which suggests a great-
er level of interest and commitment than might 
be evident, for example, in someone who borrows 
others’ ENDS to sample them. In this sense, the 
study represents more engaged JUUL users, which 
is a population of interest in itself. The ADJUSST 
study was based on an adult sample; the results do 
not speak to the behavior of adolescent JUUL users.

The study documented the behavior of JSK pur-
chasers/users; it did not have a comparison group 
of non-users, so the observed trajectories of smok-

ing cannot be compared to what might occur ab-
sent JUUL use. Past-30-day smokers who then 
indicated they were smoking “not at all” were not 
asked details of their past-30-day smoking, which 
makes it difficult to characterize this group’s smok-
ing behavior, both at baseline and in follow-ups. 
Finally, an important limitation is that partici-
pants were not assessed for history or current use of 
non-cigarette, non-ENDS tobacco products such 
as cigars or smokeless tobacco, so these important 
antecedent or concurrent behaviors are not known. 
Of course, as in any research, it is possible that par-
ticipation and answering questions about behavior 
could have affected the behavior, but smoking is 
highly resistant to change, even with deliberate 
intervention.

Among the study’s strengths was a large sample 
of real-world JUUL users across a diverse range of 
baseline smoking status.

The analyses of loss to follow-up have addi-
tional limitations. Whereas the analyses included 
a wide range of often-used baseline demographic 
and smoking variables for prediction, it is possible 
that some trait not assessed here might have more 
strongly differentiated the groups and indicated 
likely bias in later outcomes. The re-contact analy-
sis was based on a subset of enrollees who had not 
completed the 12-month follow-up, but did com-
plete the re-engagement survey. The status of those 
who did not respond to the re-engagement survey 
may have been different. However, even if this 
were so, the predominance of abstinence among 
the re-engagement responders clearly indicates that 
imputing smoking to all individuals who did not 
complete follow-ups would be incorrect. Neverthe-
less, the potential for some bias due to non-response 
must be considered when interpreting outcomes.

In summary, 2 different analyses suggested that 
the effects of non-response to follow-ups in the 
ADJUSST study are modest and unlikely to bias 
subsequent reports of smoking. The ADJUSST 
study has potential to shed light on trajectories of 
smoking and ENDS use over time following initia-
tion of ENDS use by adults with varying smoking 
status and smoking history.
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Table S1
Sociodemographic Characteristics by Survey Response Status, among 

Current Established Smokers at Baseline

Sociodemographic 
Characteristics

No Smoking 
Data at Any 
Follow-ups
 (N = 4919)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 12,309)

Smoking Data 
at All 6 

Follow-ups
(N = 5677)

Total  
(N = 22,905)

Test of 
Difference 

(p)

UC 
or R2

Age (years), Mean (SD) 33.71 (12.09) 32.50 (10.96) 32.96 (10.47) 32.88 (11.11) < .001 0.0018

Sex N (%) < .001 0.0014
   Male 2946 (60.6) 6825 (55.8) 2995 (53.1) 12,766 (56.2)
   Female 1894 (39.0) 5328 (43.6) 2615 (46.4) 9837 (43.3)
   Transgender 20 (0.4) 69 (0.6) 26 (0.5) 115 (0.5)
Race/Ethnicity N (%) < .001 0.0007
   Non-Hispanic White 3666 (81.2) 9021 (78.3) 4162 (78.5) 16,849 (78.9)

   Non-Hispanic Black 101 (2.2) 321 (2.8) 175 (3.3) 597 (2.8)
   Non-Hispanic Asian 224 (5.0) 666 (5.8) 284 (5.4) 1174 (5.5)
   Non-Hispanic Other Race 213 (4.7) 524 (4.5) 242 (4.6) 979 (4.6)
   Hispanic Ethnicity 313 (6.9) 994 (8.6) 441 (8.3) 1748 (8.2)
Marital Status N (%) < .001 0.0008
   Married 1374 (28.7) 3245 (26.8) 1711 (30.5) 6330 (28.1)
   Divorced, Separated or Widowed 748 (15.6) 1755 (14.5) 837 (14.9) 3340 (14.8)
   Never Married 2667 (55.7) 7102 (58.7) 3061 (54.6) 12,830 (57.0)
Highest Level of Education N (%) < .001 0.0005
   High school graduate or less 1382 (30.8) 3155 (27.4) 1534 (28.7) 6071 (28.4)
   Some college or associate degree 1898 (42.3) 4960 (43.1) 2314 (43.3) 9172 (43.0)
   Bachelor’s degree or more 1212 (27.0) 3390 (29.5) 1499 (28.0) 6101 (28.6)
Annual Income N (%) < .001 0.0008
   < $50k 2041 (50.4) 5584 (52.5) 2720 (54.6) 10,345 (52.6)
   $50k-$100k 1232 (30.4) 3122 (29.3) 1496 (30.0) 5850 (29.7)
   > $100k 778 (19.2) 1933 (18.2) 769 (15.4) 3480 (17.7)

Note.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal variables).
Data presented as N (%) unless otherwise noted. Denominators may be less than column heads due to missing data.
Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in sociodemographic characteristics between: (1) participants who did not provide valid smoking data at 
   any follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all follow-up 
   assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-baseline with conducted 
   with either χ2 (categorical variables) or one-way analysis of variance (continuous variables).
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are used to 
   predict Survey Response Status. R2 is an effect size indicator continuous variables, expressing the percentage of variance in 
   the continuous variable that is accounted for by the differences between respondent groups. For both effect-size estimates, 
   lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect relationship.
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Table S2
Sociodemographic Characteristics by Survey Response Status, among Past-30-day 

Established Smokers Now Not Smoking at All at Baseline

Sociodemographic 
Characteristics

No Smoking 
Data at Any 
Follow-ups 
(N = 1074)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 2707)

Smoking 
Data at All 6 
Follow-ups
(N = 1243)

Total  
(N = 5024)

Test of 
Difference 

(p)

UC 
or R2

Age (years), Mean (SD) 29.67 (10.13) 30.00 (10.03) 30.69 (9.76) 30.10 (9.99) .037 0.0013

Sex N (%) .002 0.0017
   Male 720 (67.3) 1643 (61.2) 745 (60.4) 3108 (62.3)
   Female 341 (31.9) 1026 (38.2) 482 (39.1) 1849 (37.1)
   Transgender 9 (0.8) 16 (0.6) 7 (0.6) 32 (0.6)
Race/Ethnicity N (%) .109 0.0014
   Non-Hispanic White 812 (81.2) 1996 (78.8) 907 (79.2) 3715 (79.4)
   Non-Hispanic Black 27 (2.7) 86 (3.4) 45 (3.9) 158 (3.4)
   Non-Hispanic Asian 27 (2.7) 109 (4.3) 42 (3.7) 178 (3.8)
   Non-Hispanic Other Race 44 (4.4) 136 (5.4) 45 (3.9) 225 (4.8)
   Hispanic Ethnicity 90 (9.0) 206 (8.1) 106 (9.3) 402 (8.6)
Marital Status N (%) .010 0.0013
   Married 229 (21.8) 622 (23.3) 335 (27.1) 1186 (24.0)
   Divorced, Separated or Widowed 118 (11.3) 307 (11.5) 156 (12.6) 581 (11.7)
   Never Married 701 (66.9) 1740 (65.2) 744 (60.2) 3185 (64.3)
Highest Level of Education N (%) .283 0.0005
   High school graduate or less 323 (32.7) 766 (30.3) 343 (29.6) 1432 (30.6)
   Some college or associate degree 406 (41.0) 1136 (44.9) 520 (44.9) 2062 (44.1)
   Bachelor’s degree or more 260 (26.3) 629 (24.8) 296 (25.5) 1185 (25.3)
Annual Income N (%) .040 0.0012
   < $50k 496 (54.9) 1262 (53.9) 589 (55.5) 2347 (54.5)
   $50k-$100k 253 (28.0) 666 (28.4) 329 (31.0) 1248 (29.0)
   > $100k 154 (17.1) 414 (17.7) 144 (13.6) 712 (16.5)

Note.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
   variables).
Data presented as N (%) unless otherwise noted. Denominators may be less than column heads due to missing data.
Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in sociodemographic characteristics between: (1) participants who did not provide valid smoking data
   at any follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all follow-up 
   assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-baseline with 
   conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables).  
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are used 
   to predict Survey Response Status. R2 is an effect size indicator continuous variables, expressing the percentage of 
   variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
   effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect 
   relationship.
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Table S3
Sociodemographic Characteristics by Survey Response Status, among 

Former Established Smokers at Baseline

Sociodemographic 
Characteristics

No Smoking 
Data at Any 
Follow-ups 
(N = 1268)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 3219)

Smoking 
Data at All 6 
Follow-ups
(N = 1599)

Total  
(N = 6086)

Test of 
Difference 

(p)

UC o
r R2

Age (years), Mean (SD) 31.46 (11.46) 32.06 (11.48) 32.87 (10.99) 32.15 (11.35) .004 0.0018

Sex N (%) < .001 0.0019
   Male 896 (71.2) 2047 (64.1) 1,016 (64.1) 3959 (65.6)
   Female 356 (28.3) 1132 (35.4) 559 (35.3) 2047 (33.9)
   Transgender 6 (0.5) 15 (0.5) 9 (0.6) 30 (0.5)
Race/Ethnicity N (%) .907 0.0003
   Non-Hispanic White 942 (80.2) 2381 (79.8) 1173 (79.3) 4496 (79.8)
   Non-Hispanic Black 32 (2.7) 68 (2.3) 41 (2.8) 141 (2.5)
   Non-Hispanic Asian 52 (4.4) 139 (4.7) 65 (4.4) 256 (4.5)
   Non-Hispanic Other Race 51 (4.3) 126 (4.2) 74 (5.0) 251 (4.5)
   Hispanic Ethnicity 98 (8.3) 268 (9.0) 126 (8.5) 492 (8.7)
Marital Status N (%) .002 0.0014
   Married 353 (29.1) 994 (31.6) 564 (35.7) 1911 (32.2)
   Divorced, Separated or Widowed 128 (10.6) 344 (10.9) 178 (11.2) 650 (10.9)
   Never Married 730 (60.3) 1805 (57.4) 840 (53.1) 3375 (56.9)
Highest Level of Education N (%) .009 0.0012
   High school graduate or less 332 (29.1) 769 (26.0) 340 (22.9) 1441 (25.8)
   Some college or associate degree 468 (41.0) 1243 (42.0) 663 (44.7) 2374 (42.5)
   Bachelor’s degree or more 342 (29.9) 948 (32.0) 480 (32.4) 1770 (31.7)
Annual Income N (%) .289 0.0005
   < $50k 508 (49.0) 1246 (46.5) 606 (45.0) 2360 (46.6)
   $50k-$100k 289 (27.9) 823 (30.7) 425 (31.6) 1537 (30.4)
   > $100k 239 (23.1) 613 (22.9) 315 (23.4) 1167 (23.0)

Note.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
   variables).
Data presented as N (%) unless otherwise noted. Denominators may be less than column heads due to missing data.
Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in sociodemographic characteristics between: (1) participants who did not provide valid smoking data 
   at any follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all follow-up
   assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-baseline with 
   conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables).
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are 
   used to predict Survey Response Status. R2 is an effect size indicator continuous variables, expressing the percentage 
   of variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
   effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect 
   relationship.
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Table S4
Sociodemographic Characteristics by Survey Response Status, among Current Experimental 

Smokers at Baseline

Sociodemographic 
Characteristics

No Smoking 
Data at Any 
Follow-ups 
(N = 1435)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 3228)

Smoking 
Data at All 6 
Follow-ups
(N = 1503)

Total  
(N = 6166)

Test of 
Difference 

(p)

UC 
or R2

Age (years), Mean (SD) 27.80 (10.67) 27.16 (9.74) 27.32 (9.21) 27.35 (9.85) .123 0.0007

Sex N (%) .024 0.0009
   Male 892 (62.8) 1964 (31.3) 860 (57.6) 3716 (60.7)
   Female 520 (36.6) 1224 (38.2) 620 (41.5) 2364 (38.7)
   Transgender 9 (0.6) 15 (0.5) 13 (0.9) 37 (0.6)
Race/Ethnicity N (%) .002 0.0022
   Non-Hispanic White 942 (73.3) 2022 (68.4) 937 (67.1) 3901 (69.2)
   Non-Hispanic Black 37 (2.9) 125 (4.2) 69 (4.9) 231 (4.1)
   Non-Hispanic Asian 85 (6.6) 216 (7.3) 106 (7.6) 407 (7.2)
   Non-Hispanic Other Race 69 (5.4) 164 (5.6) 59 (4.2) 292 (5.2)
   Hispanic Ethnicity 152 (11.8) 429 (14.5) 225 (16.1) 806 (14.3)
Marital Status N (%) .162 0.0005
   Married 226 (16.6) 489 (15.6) 248 (16.8) 963 (16.1)
   Divorced, Separated or Widowed 138 (10.1) 260 (8.3) 119 (8.1) 517 (8.7)
   Never Married 999 (73.3) 2383 (76.1) 1110 (75.1) 4492 (75.2)
Highest Level of Education N (%) .097 0.0007
   High school graduate or less 453 (36.7) 938 (32.9) 475 (34.9) 1866 (34.3)
   Some college or associate degree 464 (37.6) 1133 (39.7) 548 (40.3) 2145 (39.4)
   Bachelor’s degree or more 318 (25.7) 781 (27.4) 337 (24.8) 1436 (26.4)
Annual Income N (%) .024 0.0011
   < $50k 676 (59.7) 1535 (58.5) 785 (62.0) 2996 (59.6)
   $50k-$100k 279 (24.6) 619 (23.6) 306 (24.2) 1204 (24.0)
   > $100k 178 (15.7) 470 (17.9) 175 (13.8) 823 (16.4)

Note.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
   variables).
Data presented as N (%) unless otherwise noted. Denominators may be less than column heads due to missing data.
Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in sociodemographic characteristics between: (1) participants who did not provide valid smoking 
   data at any follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all 
   follow-up assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-
   baseline with conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables).
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are used
   to predict Survey Response Status. R2 is an effect size indicator continuous variables, expressing the percentage of 
   variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
   effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect 
   relationship.
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Table S5
Sociodemographic Characteristics by Survey Response Status, among 

Former Experimental Smokers at Baseline

Sociodemographic Characteristics

No Smoking 
Data at Any 
Follow-ups
(N = 1585)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 3543)

Smoking 
Data at All 6 
Follow-ups
(N = 1658)

Total  
(N = 6786)

Test of 
Difference 

(p)

UC 
or R2

Age (years), Mean (SD) 25.14 (8.40) 25.05 (7.79) 25.61 (7.84) 25.21 (7.95) .059 0.0008

Sex N (%) .001 0.0014
   Male 1055 (66.9) 2180 (61.9) 1002 (60.8) 4237 (62.8)
   Female 511 (32.4) 1312 (37.3) 640 (38.8) 2463 (36.5)
   Transgender 10 (0.6) 29 (0.8) 7 (0.4) 46 (0.7)
Race/Ethnicity N (%) < .001 0.0023
   Non-Hispanic White 1058 (72.9) 2314 (69.7) 1043 (66.6) 4415 (69.7)
   Non-Hispanic Black 57 (3.9) 148 (4.5) 93 (5.9) 298 (4.7)
   Non-Hispanic Asian 63 (4.3) 163 (4.9) 109 (7.0) 335 (5.3)
   Non-Hispanic Other Race 65 (4.5) 204 (6.1) 78 (5.0) 347 (5.5)
   Hispanic Ethnicity 208 (14.3) 491 (14.8) 243 (15.5) 942 (14.9)
Marital Status N (%) .001 0.0013
   Married 176 (11.7) 383 (11.1) 244 (15.0) 803 (12.2)
   Divorced, Separated or Widowed 79 (5.2) 171 (5.0) 66 (4.1) 316 (4.8)
   Never Married 1253 (83.1) 2894 (83.9) 1317 (80.9) 5464 (83.0)
Highest Level of Education N (%) .005 0.0012
   High school graduate or less 477 (35.2) 994 (31.6) 431 (29.1) 1902 (31.8)
   Some college or associate degree 530 (39.1) 1266 (40.2) 649 (43.8) 2445 (40.8)
   Bachelor’s degree or more 349 (25.7) 889 (28.2) 402 (27.1) 1640 (27.4)
Annual Income N (%) .074 0.0008
   < $50k 701 (58.2) 1613 (55.9) 756 (55.8) 3070 (56.4)
   $50k-$100k 246 (20.4) 697 (24.2) 335 (24.7) 1278 (23.5)
   > $100k 258 (21.4) 573 (19.9) 264 (19.5) 1095 (20.1)

Note.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
   variables).
Data presented as N (%) unless otherwise noted. Denominators may be less than column heads due to missing data.
Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in sociodemographic characteristics between: (1) participants who did not provide valid smoking data 
   at any follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all follow-up 
   assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-baseline with 
   conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables).
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are used 
   to predict Survey Response Status. R2 is an effect size indicator continuous variables, expressing the percentage of 
   variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
   effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect 
   relationship.
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Table S6
Sociodemographic Characteristics by Survey Response Status, among 

Never Smokers at Baseline

Sociodemographic Characteristics

No Smoking 
Data at Any 
Follow-ups 
(N = 1341)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 2628)

Smoking 
Data at All 6 
Follow-ups
(N = 1265)

Total  
(N = 5234)

Test of 
Difference 

(p)

UC 
or R2

Age (years), Mean (SD) 24.30 (7.07) 24.02 (6.49) 24.42 (6.80) 24.19 (6.72) .175 0.0007

Sex N (%) .002 0.0015
   Male 874 (65.8) 1723 (66.0) 783 (62.5) 3380 (65.1)
   Female 431 (32.4) 871 (33.4) 458 (36.6) 1760 (33.9)
   Transgender 24 (1.8) 17 (0.6) 11 (0.9) 52 (1.0)
Race/Ethnicity N (%) .009 0.0021
   Non-Hispanic White 853 (70.4) 1575 (65.4) 787 (67.4) 3215 (67.2)
   Non-Hispanic Black 68 (5.6) 156 (6.5) 88 (7.5) 312 (6.5)
   Non-Hispanic Asian 55 (4.5) 169 (7.0) 80 (6.9) 304 (6.4)
   Non-Hispanic Other Race 69 (5.7) 128 (5.3) 62 (5.3) 259 (5.4)
   Hispanic Ethnicity 166 (13.7) 379 (15.8) 150 (12.9) 695 (14.5)
Marital Status N (%) .115 0.0007
   Married 101 (8.0) 209 (8.4) 129 (10.5) 439 (8.8)
   Divorced, Separated or Widowed 65 (5.2) 120 (4.8) 49 (4.0) 234 (4.7)
   Never Married 1092 (86.8) 2166 (86.8) 1055 (85.6) 4313 (86.5)
Highest Level of Education N (%) < .001 0.0034
   High school graduate or less 523 (48.2) 969 (43.5) 406 (37.2) 1898 (43.1)
   Some college or associate degree 363 (33.4) 870 (39.0) 465 (42.6) 1698 (38.5)
   Bachelor’s degree or more 200 (18.4) 389 (17.5) 221 (20.2) 810 (18.4)
Annual Income N (%) .646 0.0003
   < $50k 576 (59.3) 1191 (58.9) 601 (59.9) 2368 (59.3)
   $50k-$100k 192 (19.8) 433 (21.4) 194 (19.3) 819 (20.5)
   > $100k 203 (20.9) 398 (19.7) 208 (20.7) 809 (20.2)

Note.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
   variables).
Data presented as N (%) unless otherwise noted. Denominators may be less than column heads due to missing data.
Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in sociodemographic characteristics between: (1) participants who did not provide valid smoking data 
   at any follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all follow-
   up assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-baseline with 
   conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables).
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are used 
   to predict Survey Response Status. R2 is an effect size indicator continuous variables, expressing the percentage of 
   variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
   effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect 
   relationship.
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Table S7
Sociodemographic Characteristics by Survey Response Status, among 

Those with Undetermined Smoking Status at Baseline

Sociodemographic Characteristics

No Smoking 
Data at Any 
Follow-ups 
(N = 811)

Smoking 
Data at 1-5 

Follow-up(s) 
(N = 1618)

Smoking 
Data at All 6 
Follow-ups
(N = 784)

Total  
(N = 3213)

Test of 
Difference 

(p)

UC 
or R2

Age (years), Mean (SD) 31.85 (13.17) 29.96 (11.19) 31.93 (11.81) 30.92 (11.90) < .001 0.0066

Sex N (%) .069 0.0013
   Male 437 (56.0) 850 (53.3) 375 (48.6) 1662 (52.8)
   Female 341 (43.7) 737 (46.2) 392 (50.8) 1470 (46.7)
   Transgender 3 (0.4) 7 (0.4) 4 (0.5) 14 (0.5)
Race/Ethnicity N (%) .281 0.0019
   Non-Hispanic White 503 (78.3) 1011 (73.4) 492 (74.9) 2006 (74.9)
   Non-Hispanic Black 20 (3.1) 64 (4.6) 28 (4.3) 112 (4.2)
   Non-Hispanic Asian 21 (3.3) 73 (5.3) 37 (5.6) 131 (4.9)
   Non-Hispanic Other Race 25 (3.9) 65 (4.7) 29 (4.4) 119 (4.5)
   Hispanic Ethnicity 73 (11.4) 165 (12.0) 71 (10.8) 309 (11.5)
Marital Status N (%) .017 0.0019
   Married 171 (22.8) 339 (21.9) 193 (25.0) 703 (22.9)
   Divorced, Separated or Widowed 115 (15.3) 177 (11.4) 107 (13.9) 399 (13.0)
   Never Married 464 (61.9) 1034 (66.7) 472 (61.1) 1970 (64.1)
Highest Level of Education N (%) .250 0.0010
   High school graduate or less 233 (36.5) 462 (34.2) 211 (30.8) 906 (33.9)
   Some college or associate degree 237 (37.2) 517 (38.3) 284 (41.4) 1038 (38.8)
   Bachelor’s degree or more 168 (26.3) 372 (27.5) 191 (27.8) 731 (27.3)
Annual Income N (%) .007 0.0029
   <$50k 323 (58.5) 659 (56.2) 373 (61.6) 1355 (58.2)
   $50k-$100k 119 (21.6) 327 (27.9) 136 (22.5) 582 (25.0)
   >$100k 110 (19.9) 186 (15.9) 96 (15.9) 392 (16.8)

Note.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
   variables).
Data presented as N (%) unless otherwise noted. Denominators may be less than column heads due to missing data.
Participants were invited to complete 6 total follow-up assessments post-baseline to the 12-month follow-up.
Tests of differences in sociodemographic characteristics between: (1) participants who did not provide valid smoking data
   at any follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥ 1 but not all follow-
   up assessments; and (3) participants who provided valid smoking data at all 6 follow-up assessments post-baseline with
   conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables).
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are used 
   to predict Survey Response Status. R2 is an effect size indicator continuous variables, expressing the percentage of 
   variance in the continuous variable that is accounted for by the differences between respondent groups. For both 
   effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 a perfect
    relationship.
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Table S8
Reasons for Non-Response, among Participants in the Re-engagement Survey, 
among Current Established Smokers and Current Experimenters at Baseline, 

Stratified by Readiness to Quit Smoking at Baseline 
Participants’ Baseline Smoking Status

Current Established Smokers Current Experimenters

Plan to 
Quit, Next 

30 Days

No Plans to 
Quit, Next 30 

Days

Plan to 
Quit, Next 

30 Days

No Plans to 
Quit, Next 30 

Days

(N = 757) (N = 1051) (N = 117) (N = 148)

Smoking Status at Re-engagement

   % not smoking past 30 days 54.3% 40.6% 58.6% 52.4%

Reasons for Non-Responsea

   Started smoking 3.9% 4.9% 5.2% 6.2%

   Stopped using JUUL 4.1% 3.1% 6.0% 6.8%

   Survey process reasons 80.9% 80.8% 75.0% 77.4%

   Other reasons 11.1% 11.2% 13.8% 9.6%

   Stopped smoking cigarettesb 2.3% 1.8% 5.2% 1.4%
p = .548

UC = 0.0009
p = .747

UC = 0.0034

Note.
a Coded to be exhaustive and mutually exclusive by prioritizing assignment to reasons in the order shown. That is,
   for example, respondents who endorsed “Started smoking” were tallied under that category even if they also
   endorsed “Survey process reasons”
b This was coded as part of the “Other reasons” category, but is also reported separately here
Uncertainty coefficient (UC) is an effect-size estimate representing the proportional reduction in error when values 
   of participant characteristics are used to predict Survey Response Status. Lower values represent a weaker 
   relationship, with 0 representing no relationship and 1.0 a perfect relationship.
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Supplement 2

Insights from PATH on Smoking Patterns in Respondents Who Say They Smoked in the Preceding 
30 Days, but Say They Now Smoke “Not At All”

Some studies define current smokers as those who report they now smoke “every day” or “some days,” 
considering those who say they now smoke “not at all” as non-smokers.1,2 The ADJUSST study defined 
current smoking more inclusively, as reporting any smoking, even a puff, in the past 30 days, even if they 
then said that they now smoke “not at all.”

However, skip patterns in the survey were such that those who reported past-30-day smoking but then 
said they now smoked “not at all” were not asked how many days they had smoked or how many cigarettes 
per day, and thus, did not contribute to the calculations of the sample’s cigarette consumption, either 
at baseline or in follow-up assessments. To gain insight into the smoking behavior of respondents who 
showed this response pattern, we turned to the Population Assessment of Tobacco and Health (PATH) 
study,2 which also asked both smoking-status questions (past-30-day smoking and now smoking every day, 
some days, or not at all), but did have a skip defined for further questions about frequency and quantity 
of smoking. Specifically, all respondents who were asked how many days in the past 30 days they smoked 
and how many cigarettes they smoked. Additionally, they were asked how long ago they had last smoked.

Thus, PATH provides data on the smoking behavior of these past-30-day but not-at-all responders. To 
examine the smoking profile of ADJUSST respondents who at baseline reported smoking in the past 30 
days, but then said they now smoke “not at all,” we identified 1005 PATH Wave 4 respondents who gave 
that pattern of responses. Their responses indicated that they had smoked on an average of 3.4 (SD = 6.5) 
days in the past month (N = 996 for this parameter), consuming an average of 1.2 (SD = 3.3) cigarettes per 
day (N = 702). The majority (69%) reported that they had not smoked in the preceding 7 days (N = 681).

In sum, the PATH data indicate that there is a group of adults who report they smoked in the past 30 
days, but now smoke not at all, and that respondents who give such responses are smoking little, smoking 
infrequently, and a modest number of cigarettes. The majority report 7-day abstinence, suggesting they 
may consider themselves to have recently stopped smoking, which may explain their ‘not at all’ response 
when asked to characterize what their smoking status is “now.” In any case, these data from PATH, though 
on a different sample and not addressing ENDS use, shed some light on how to interpret this response 
pattern.

Supplementary References
 1. US Department of Health and Human Services (USDHHS). Smoking Cessation. A Report of the Surgeon General. Atlanta, 

GA: USDHHS, US Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and 
Health Promotion, Office on Smoking and Health; 2020. 

 2. Hyland A, Ambrose BK, Conway KP, et al. Design and methods of the Population Assessment of Tobacco and Health 
(PATH) study. Tob Control. 2017;26(4):371-378.
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The adverse health effects of smoking are pri-
marily caused by exposure to the byprod-
ucts of tobacco combustion.1 Electronic 

nicotine delivery systems (ENDS) expose users to 
lower levels of carcinogens and toxicants than ciga-
rette smoking;2 thus, may benefit public health if 
smokers who are unwilling or unable to quit ciga-
rette smoking switch completely to using ENDS.2-4

The extant evidence suggests use of ENDS may 

increase smoking cessation rates;5 observational 
studies indicate that use of ENDS is associated 
with abstinence from smoking,6-17 and randomized 
trials demonstrate that ENDS may be equally or 
more effective for smoking cessation than trans-
dermal nicotine patches.18-20 Two analyses of a co-
hort of smokers who purchased the JUUL System 
(“JUUL;” Juul Labs Inc), a widely-used closed-
system ENDS with a nicotine-salt formulation, 
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Objectives: In this study, we assessed complete switching away from cigarette smoking among 
adult smokers who purchased a JUUL Starter Kit (JSK). Methods: Adult (age ≥ 21) established 
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plete online surveys 1, 2, 3, 6, 9 and 12 months after initial JSK purchase. Point prevalence of 
switching (no past 30-day smoking) was assessed at each follow-up. Repeated measures logis-
tic regression models evaluated associations of sociodemographic factors, baseline smoking 
characteristics and time-varying JUUL System (“JUUL”) use characteristics and switching across 
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greater satisfaction from initial JUUL use, and higher JUUL dependence were significantly more 
likely to switch. Conclusions: Rates of switching with JUUL increased over time. Over 50% of 
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found that 47% and 54% of respondents reported 
switching (ie, no smoking in the past 30 days) 3 
and 6 months later, respectively.21,22 However, there 
is a lack of longitudinal data assessing trajectories 
of switching among smokers who use ENDS such 
as JUUL over longer periods of time.

Analyses of the nationally-representative Popula-
tion Assessment of Tobacco and Health (PATH) 
Study have identified characteristics associated with 
switching away from cigarettes among adult smok-
ers who use ENDS. Longitudinal analyses have 
found that smokers who were daily (vs non-daily) 
ENDS users were more likely to make a subsequent 
report of past 30-day switching away from smok-
ing,12-16 and smokers with greater levels of baseline 
nicotine dependence were less likely to switch.23 
Additionally, data suggest greater dependence on 
ENDS may be associated with transition to exclu-
sive ENDS use, possibly via transfer of dependence 
from cigarettes to ENDS.24,25 However, given the 
year-long interval between assessments and timing 
of the PATH study (Wave 1 started data collection 
in 2013), there is a lack of more recent data on 
switching trajectories at more granular timepoints 
(ie, several times over the course of a year).

Some authorities hypothesize that ENDS must 
provide sufficient levels of reinforcement and sat-
isfying effects to support complete substitution for 
cigarettes.3,4 Recent trials in which smokers were 
provided with ENDS suggest that greater initial 
satisfaction and subjective reward are prospectively 
associated with increased likelihood of continued 
ENDS use and decreased cigarette consumption 
after several weeks of use.26-28 Yet, it is unknown 
if positive initial responses to use of ENDS are 
prospectively associated with complete switching 
among ENDS users over longer periods of time.

The current longitudinal prospective cohort 
study followed a sample of adult smokers in the 
United States (US) who purchased a JUUL Starter 
Kit (JSK) over a one-year period. The primary aims 
of this naturalistic observational in-market surveil-
lance study were to assess: (1) rates of complete past 
30-day switching away from smoking, over time; 
and (2) associations of relevant sociodemographic, 
smoking, and JUUL use characteristics and sub-
sequent switching at 6 timepoints (1-, 2-, 3-, 6-, 
9-, and 12-month follow-up) across the 12-month 
period. Secondary aims included evaluation of sus-

tained switching at the 9- and 12-month follow-up 
times, and patterns of JUUL use over time.

METHODS
Participants 

A sample of adults (age ≥ 21 years) in the US were 
invited to participate in the Adult JUUL Switching 
and Smoking Trajectories (ADJUSST) Study upon 
purchasing a JSK in a retail store or online via the 
manufacturer’s e-commerce platform, between June 
and October 2018.29 Study inclusion criteria were: 
(1) age ≥ 21 years; (2) purchased a JSK for the first 
time within the past 7 days; (3) permanent residen-
cy in the US. Employees of Juul Labs Inc or PAX 
Labs Inc were excluded. The analytic sample was 
restricted to baseline Current Established Smokers 
(smoked ≥ 100 cigarettes in lifetime, smoked in the 
past 30 days, currently smoked some days or every 
day)30,31 with data on past 30-day switching (past 
30-day abstinence from smoking) at ≥ 1 follow-up 
assessment. Other analyses of JSK purchasers in 
ADJUSST are reported in companion papers in 
this issue – continuing smokers (ie, dual users),32 
former smokers,33 and non-smokers,34 and switch-
ing among special populations.35

Procedure
Individuals who purchased a JSK in a retail store 

were invited via recruitment cards embedded in the 
JSK package; online purchasers were invited via a 
post-purchase recruitment email. All surveys were 
administered online. All participants provided 
written informed consent and were compensated 
$30 for each survey they completed (baseline and 
follow-ups); compensation was not tied in any way 
to individual survey responses.

After participants completed the initial base-
line assessment they were subsequently invited by 
email to complete 1-, 2-, 3-, 6-, 9- and 12-month 
follow-up assessments. Additional details regard-
ing the overall study methods are described in 2 
publications using data from a parallel study of 
adult smokers who purchased a JSK,21,22 and in this 
issue.29

Measures
Past 30-day “switching” away from cigarette 

smoking. At each follow-up, participants were 
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asked: “In the past 30 days, have you smoked a 
cigarette, even one or 2 puffs?” (yes/no). A “No” 
response (ie, no smoking in the past 30 days) 
was defined as “switching,” the primary outcome 
measure for the study, as in previous research.12-14 
Sustained switching was calculated among partici-
pants who provided sufficient data at the 9-month 
and 12-month follow-ups; a report of no past 30-
day smoking at both the 9-month and 12-month 
follow-up was defined as sustained switching, and 
smoking at either follow-up was operationalized as 
failure to demonstrate sustained switching.

Past 30-day JUUL use. At each follow-up, par-
ticipants reported whether they had used JUUL in 
the past 30 days (“Have you used a JUUL in the 
past 30 days, even one or 2 puffs?” [yes/no]).

Factors assessed for association with switching. 
Factors known to be associated with smoking ab-
stinence were included in multivariable models as 
a priori regressors.23,36-40 Participants reported their 
age, sex, race/ethnicity, highest level of education 
completed, total household income in the past 
12-months, and marital status (Table 1).

At baseline, items assessed duration of regu-
lar smoking (years; continuous), number of days 
smoked cigarettes in past 30 days (open-ended; 
1-30), and number of cigarettes smoked per smok-
ing day (open-ended; continuous). Participants 
also reported if/when they planned to quit smok-
ing (coded as planning to quit smoking in the next 
30 days vs not planning to quit). Baseline com-
bustible cigarette dependence was assessed with 
the Adult Tobacco Dependence (TD) Index, a 
composite measure of 16 items that was previously 
validated in the PATH Adult survey for assessing 
both cigarette and ENDS dependence (Range: 1-5; 
higher scores indicate greater dependence).41,42 Par-
ticipants who reported having started using their 
JUUL at baseline completed a version of the modi-
fied Cigarette Evaluation Questionnaire (mCEQ), 
a psychometrically validated43,44 measure of sub-
jective effects for cigarettes that has been previ-
ously used with ENDS,45 adapted for JUUL. The 
mCEQ contained a composite “Satisfaction” sub-
scale comprised of 3 items that were answered on 
7-point response scales (from 1 [“Not at all] to 7 
[“Extremely”]).

JUUL use characteristics assessed at each fol-
low-up assessment were included as time-varying 

regressors; items were asked only of participants 
who reported past 30-day JUUL use. Level of 
JUUL dependence was assessed with the 16-item 
PATH TD Index adapted for JUUL, participants 
also reported the single (primary) JUULpod flavor 
they used most often in the past 30 days (one of 
8 commercially available flavors in 2018; Table 1), 
as evidence suggests that use of ENDS (including 
JUUL) in non-tobacco (vs tobacco) flavors may be 
associated with switching.16,21,22,46-48 Past 30-day fre-
quency and daily quantity of JUUL use were only 
asked of ‘every day’ or ‘some day’ users and assessed 
with 2 items: (1) number of days used JUUL in the 
past 30 days (1-30 days); and (2) number of times 
used JUUL each day (“On average, on those days 
you used a JUUL, how many times did you usually 
use a JUUL each day? Assume that one ‘time’ con-
sists of around 15 puffs, or 10 minutes”).

Smoking Subgroups
Based on a prior classification and regression tree 

(CART) analysis49 (ie, a forward stepwise statisti-
cal technique that identifies predictive characteris-
tics to empirically partition a sample into mutually 
exclusive subgroups), smokers were divided into 
6 subgroups based on 2 variables: (1) the num-
ber of days they reported smoking in the past 30 
days at baseline (1-19, 20-29, or 30 days); and (2) 
their duration of regular smoking (≤ 5 years vs > 5 
years): Infrequent – short-term smokers (smoked 
1-19 days and regular smoking ≤ 5 years); Infre-
quent – long-term smokers (smoked 1-19 days and 
regular smoking > 5 years); Frequent – short-term 
smokers (smoked 20-29 days and regular smoking 
≤ 5 years); Frequent – long-term smokers (smoked 
20-29 days and regular smoking > 5 years); Dai-
ly – short-term smokers (smoked all 30 days and 
regular smoking ≤ 5 years), and Daily – long-term 
smokers (smoked all 30 days and regular smoking 
> 5 years).

Data Analysis
Sample characteristics and switch rates were as-

sessed descriptively at baseline and across follow-
up. Repeated-measure logistic regression models 
assessed associations of time-invariant and time-
varying regressors and past 30-day switching aver-
aged across the 6 follow-up assessments. Switching 
(yes or no) was modeled with binary logit link dis-
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Table 1
Sociodemographic, Smoking, and JUUL Use Characteristics of Sample

Sociodemographic Characteristics N (%) or Mean (SD) Number Availablea

Age in Years – Mean (SD) 32.65 (10.81) 17,986

Sex 17,858

     Male 9820 (55.0)

     Female 7943 (44.5)

     Transgender 95 (0.5)

Race/Ethnicity 16,830

     Non-Hispanic White 13,183 (78.3)

     Non-Hispanic African-American 496 (3.0)

     Non-Hispanic Asian 950 (5.6)

     Non-Hispanic Other Race 766 (4.6)

     Hispanic Ethnicity 1435 (8.5)

Marital Status 17,711

     Married 4956 (28.0)

     Divorced, Separated or Widowed 2592 (14.6)

     Never Married 10,163 (57.4)

Highest Level of Education Completed 16,852

     High school graduate or less education 4689 (27.8)

     Some college or associate degree 7274 (43.2)

     Bachelor’s degree or more education 4889 (29.0)

Annual Household Income 15,624

     Less than $50,000 8304 (53.2)

     $50,000-$100,000 4618 (29.6)

     Greater than $100,000 2702 (17.3)

Smoking Characteristics at Baseline

     No. Days Smoked in Past 30, Mean (SD) 23.31 (9.47) 17,777

     No. Cigarettes Smoked per Day, Mean (SD) 11.10 (8.16) 17,518

     No. of Years Regular Smoking, Mean (SD) 12.41 (10.66) 17,890

     Cigarette Dependence,b Mean (SD) 3.04 (1.08) 17,944

     Plan to Quit Smoking in Next 30 Days 7356 (43.3) 16,983

(continued on next page)
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tributions. First, separate univariate models were 
conducted for each regressor (ie, including only the 
respective variable and time as regressors). Then, a 
series of 3 adjusted models including subsets of the 
independent variables were tested: (1) adjusting for 
baseline sociodemographic and smoking charac-
teristics; (2) additionally adjusting for JUUL use 
characteristics, except initial satisfaction (because 
initial “Satisfaction” was assessed only among those 
already using JUUL); and (3) adjusting for all vari-
ables, including “Satisfaction.”

To assess prospective associations of time-vary-
ing JUUL characteristics and switching explicitly, 
separate repeated-measure models were tested in 

which JUUL use characteristics (ie, frequency and 
daily quantity of use, JUUL dependence, prima-
ry JUULpod flavor) were tested as predictors of 
switching at the subsequent time-point up to 12 
months (ie, JUUL use characteristics at the 1-, 2-, 
3-, 6-, 9-month follow-ups were modeled as time-
lagged regressors of switching at the 2-, 3-, 6-, 9- 
and 12-month follow-ups).

Time was coded as a continuous variable corre-
sponding to month of follow-up assessment and in-
cluded as a linear covariate; a quadratic time trend 
also was tested in a separate model. Regression mod-
els utilized all available data (listwise deletion). Anal-
yses were conducted in SPSS version 25 (Armonk, 

JUUL Use Characteristics

     Satisfaction – First JUUL Use,c Mean (SD) 5.46 (1.09) 12,722

     No. Days JUUL Use in Past 30,d Mean (SD) 24.52 (8.40) 70,086e

     No. Times JUUL Use per Day,d Mean (SD) 11.09 (12.00) 69,846e

     JUUL Dependence,b,d Mean (SD) 2.44 (0.94) 70,731e

Primary JUULpod Flavor Used in Past 30 Daysd 70,155e

     Virginia Tobacco 10,100 (14.4)

     Classic Tobacco 2298 (3.3)

     Menthol 4470 (6.4)

     Mint 20,671 (29.5)

     Mango 20,450 (29.1)

     Fruit 3215 (4.6)

     Creme 5671 (8.1)

     Cucumber 3280 (4.7)

Note. 

N = 17,986
a Number of participants or observations with valid (non-missing) data available for the respective variable and 
  denominators for percentages for categorical variables.
b Adapted from Tobacco Dependence Index in PATH adult survey (Range: 1-5).
c Adapted from modified Cigarette Evaluation Questionnaire (Range: 1-7), assessed at baseline, only among those 
  using JUUL or having used JUUL in the past.
d Time-varying variable (assessed at all follow-up assessments, variables aggregated [categorical] or averaged 
  [continuous] across all follow-ups).
e 76,166 possible observations across 1-, 2-, 3-, 6-, 9- and 12-month follow-up assessments.

Table 1 (continued)
Sociodemographic, Smoking, and JUUL Use Characteristics of Sample

Sociodemographic Characteristics N (%) or Mean (SD) Number Availablea
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NY); regression coefficients were exponentiated to 
obtain odds ratios (ORs) with 95% confidence in-
tervals (CIs) with alpha = .05 (2-tailed).

RESULTS
Participant Accrual and Follow-up 

A total of 22,905 current established smokers 
completed the baseline assessment; the final ana-
lytic sample consisted of smokers who provided 
data for past 30-day switching at least one follow-
up assessment (N = 17,986; 78.5% of baseline 
[68.7% retail purchasers]). Across the 6 follow-up 
assessments, response rates ranged from 75.9% to 
66.3% (Table S1), and the largest proportion of 
participants (31.6% [N = 5677]) completed all 6 
follow-ups (Table S2). 

Within the cohort that provided partial data (ie, 
completed 1-5 follow-ups), 70.3% completed 3 or 
more follow-ups and 80.1% completed at least one 
of the follow-ups in the second half of the year (ie, 
6-, 9- or 12-months). Additionally, 82.7% dem-
onstrated intermittent responding – they missed 
one or more follow-ups, but then returned at sub-
sequent follow-ups, rather than discontinuation 
(ie, completing a follow-up, but then dropping-out 
and completing no subsequent follow-ups). 

Analyses comparing the baseline characteris-
tics of participants who provided: (1) complete 
follow-up data; (2) partial follow-up data; and (3) 
no follow-up data indicate that there were mini-
mal differences in sociodemographic and smoking 
characteristics (R2s ≤ .002), and some differences 
(eg, lower baseline cigarette dependence) were not 
suggestive of lower switch rates in non-responders 
(Table S3). Additionally, in a subsequent survey 
of participants who did not respond at 12 months 
46% reported switching at time of re-contact (Ta-
ble S4), suggesting that the potential for bias due to 
non-response was limited.29

Sample Characteristics
The sample had a mean age of 32.65 years (SD = 

10.81); the majority self-reported as male (55.0%) 
and non-Hispanic white (78.3%), with smaller pro-
portions of other racial/ethnic groups – Hispanic 
ethnicity (8.5%), non-Hispanic Asian (5.6%), and 
non-Hispanic African-American (3.0%; Table 1). 
Over half were never married (57.4%), and 72.2% 

reported completing at least some college. At base-
line, on average, participants smoked 23.31 days (SD 
= 9.47) in the past 30 days and 11.10 cigarettes (SD = 
8.16) per smoking day. The mean duration of regular 
smoking was 12.41 years (SD = 10.66) and 43.3% 
planned to quit smoking in the next 30 days. Mean 
cigarette dependence score was 3.04 (SD = 1.08); 
scores on the “Satisfaction” composite subscale of the 
mCEQ were intermediate between ratings of “A lot” 
and “Quite a lot” (mean [SD] = 5.46 [1.09]).

Across all 6 follow-up assessments, on average, 
participants reported using their JUUL 24.52 days 
(SD = 8.40) out of the past 30 days and 11.09 
times per day (SD = 12.00; Table 1); mean levels 
of JUUL dependence were slightly lower than the 
midpoint of the 5-point scale (mean [SD] = 2.44 
[0.94]). Patterns of JUUL use at each follow-up are 
displayed in Table S5. Aggregated across all 6 fol-
low-ups, the largest proportion of participants re-
ported primarily using Mint (29.5%) and Mango 
(29.1%) JUULpods, followed by Virginia Tobacco 
(14.4%), Creme (8.1%), and Menthol (6.4%).

Point Prevalence of Past 30-day Switching 
across Follow-up Period and Trend over Time

The proportion of respondents self-reporting 
past 30-day switching increased at each follow-up 
assessment:

• one-month (27.2%[3718/13,650]),
• 2-month (36.4%[4926/13,533]), 
• 3-month (41.0%[5434/13,257]), 
• 6-month (46.6%[5411/11,621]),
• 9-month (49.4%[6017/12,186]), and 
• 12-month (51.2%[6106/11,919]; Figure 1).

Additionally, 33.1% (4047/12,218) reported 
switching at both the 9-month and 12-month 
follow-ups. Among respondents at the 12-month 
follow-up (N = 11,919), 46.5% were exclusively 
using JUUL, 4.8% were neither smoking nor us-
ing JUUL, 43.2% were dual users, and 5.6% were 
exclusively smoking.

Switching increased with time, such that the odds 
of switching in the univariate model increased by 
8% of the past-month rate with each month after 
JSK purchase (Time effect: OR [95% CI] = 1.08 
[1.08, 1.09]; Table 2). The time effect remained 
consistent in the 3 adjusted models (ORs Range: 
1.09-1.10). Additionally, there was a statistically 
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Table 2
Association of Sociodemographic, Smoking, and JUUL Characteristics and Switching

Regressors Univariate 
Models

OR (95% CI)

Adjusted 
Model 1a

OR (95% CI)

Adjusted 
Model 2b

OR (95% CI)

Adjusted 
Model 3c

OR (95% CI)Sociodemographic Characteristics

Age in Years, Mean (SD) 0.98 (0.97, 0.98) 1.00 (0.99, 1.00) 1.00 (0.99, 1.00) 1.00 (0.99, 1.01)

Sex

   Male Ref Ref Ref Ref

   Female 0.86 (0.81, 0.90) 0.94 (0.89, 1.00) 0.93 (0.88, 0.99) 0.91 (0.85, 0.98)

   Transgender 0.92 (0.67, 1.27) 0.82 (0.56, 1.21) 0.79 (0.54, 1.16) 0.79 (0.50, 1.24)

Race/Ethnicity

   Non-Hispanic White Ref Ref Ref Ref

   Non-Hispanic African-American 1.12 (0.97, 1.29) 1.11 (0.93, 1.31) 1.13 (0.95, 1.35) 1.16 (0.94, 1.43)

   Non-Hispanic Asian 1.00 (0.90, 1.11) 0.93 (0.82, 1.05) 0.88 (0.77, 1.00) 0.95 (0.80, 1.12)

   Non-Hispanic Other Race 1.04 (0.92, 1.17) 0.99 (0.87, 1.13) 1.01 (0.89, 1.16) 0.97 (0.82, 1.15)

   Hispanic Ethnicity 1.18 (1.08, 1.29) 1.02 (0.93, 1.13) 1.04 (0.94, 1.15) 1.02 (0.90, 1.15)

Marital Status

   Married Ref Ref Ref Ref

   Divorced, Separated or Widowed 0.77 (0.71, 0.84) 0.86 (0.78, 0.95) 0.86 (0.78, 0.96) 0.85 (0.75, 0.96)

   Never Married 1.07 (1.01, 1.13) 0.76 (0.71, 0.82) 0.75 (0.69, 0.81) 0.72 (0.65, 0.79)

Highest Level of Education Completed

   High school graduate or less education Ref Ref Ref Ref

   Some college or associate degree 0.91 (0.86, 0.97) 0.89 (0.83, 0.95) 0.90 (0.83, 0.96) 0.90 (0.83, 0.98)

   Bachelor’s degree or more education 0.97 (0.91, 1.04) 0.85 (0.78, 0.92) 0.87 (0.80, 0.94) 0.91 (0.82, 1.01)

Annual Household Income

   Less than $50,000 Ref Ref Ref Ref

   $50,000-$100,000 0.98 (0.92, 1.04) 1.02 (0.95, 1.09) 1.01 (0.94, 1.08) 1.02 (0.94, 1.11)

   Greater than $100,000 1.07 (1.00, 1.15) 1.08 (0.99, 1.18) 1.07 (0.98, 1.17) 1.11 (0.99, 1.24)

Smoking Characteristics at Baseline

   No. Days Smoked in Past 30 Days 0.96 (0.96, 0.96) 0.97 (0.97, 0.98) 0.97 (0.97, 0.98) 0.97 (0.97, 0.98)

   No. Cigarettes Smoked per Day 0.96 (0.96, 0.97) 0.99 (0.98, 0.99) 0.99 (0.98, 0.99) 0.99 (0.99, 1.00)

   Duration of Regular Smoking (Years) 0.97 (0.97, 0.97) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99)

   Cigarette Dependence (Range: 1-5) 0.77 (0.75, 0.78) 0.95 (0.92, 0.99) 0.91 (0.87, 0.94) 0.88 (0.85, 0.92)

   Plan to Quit Smoking in Next 30 Days 1.65 (1.57, 1.73) 1.70 (1.60, 1.79) 1.68 (1.59, 1.78) 1.65 (1.54, 1.76)

(continued on next page)
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significant negative quadratic effect of time (qua-
dratic time term, p < .001), indicating that incre-
mental increases in switching slowed over time (ie, 
the largest increases in switch rates were in the first 
3 months, and the rate of switching increased more 
gradually thereafter).

Association of Sociodemographic, Smoking, 
and JUUL Use Characteristics and Switching 
across Follow-up

In the univariate models, age, sex, race/ethnicity, 

marital status, and education level were significant-
ly associated with switching (Table 2). Increased 
past 30-day frequency (OR [95% CI] = 0.96 [0.96, 
0.96]) and daily quantity (OR [95% CI] = 0.96 
[0.96, 0.97]) of cigarette smoking, longer duration 
of regular smoking (OR [95% CI] = 0.97 [0.97, 
0.97]) and higher levels of cigarette dependence 
(OR [95% CI] = 0.77 [0.75, 0.78]) were associated 
with significantly lower odds of switching (Table 
2). Greater satisfaction from initial JUUL use (OR 
[95% CI] = 1.27 [1.24, 1.31]) and planning to 

JUUL System Use Characteristics during Use 

   Satisfaction from Initial JUUL Use (Range: 1-7) 1.27 (1.24, 1.31) — — 1.17 (1.13, 1.21)

Time-Varying Effects

   Time effect, months (linear)e 1.08 (1.08, 1.09) 1.09 (1.09, 1.10) 1.10 (1.10, 1.11) 1.10 (1.09, 1.11)

   No. Days Used JUUL in Past 30 Daysd 1.03 (1.03, 1.03) — 1.03 (1.03, 1.03) 1.03 (1.02, 1.03)

   No. Times Used JUUL per Dayd 1.01 (1.01, 1.01) — 1.00 (1.00, 1.01) 1.00 (1.00, 1.01)

   JUUL Dependenced 1.17 (1.14, 1.19) — 1.10 (1.07, 1.13) 1.08 (1.04, 1.11)

Primary JUULpod Flavor Used in Past 30 Daysd

   Virginia Tobacco Ref — Ref Ref

   Classic Tobacco 0.82 (0.75, 0.90) — 0.81 (0.72, 0.91) 0.81 (0.70, 0.93)

   Menthol 1.06 (0.98, 1.15) — 1.06 (0.95, 1.17) 1.03 (0.91, 1.17)

   Mint 1.15 (1.08, 1.22) — 1.04 (0.97, 1.12) 1.01 (0.93, 1.10)

   Mango 1.14 (1.07, 1.20) — 1.06 (0.99, 1.14) 1.05 (0.96, 1.14)

   Fruit 1.06 (0.98, 1.16) — 1.06 (0.95, 1.18) 1.04 (0.91, 1.18)

   Creme 0.90 (0.84, 0.98) — 0.87 (0.79, 0.96) 0.84 (0.75, 0.94)

   Cucumber 1.06 (0.97, 1.16) — 0.97 (0.87, 1.07) 0.96 (0.85, 1.09)

Note.
Model 1: N = 13,534 participants, 57,401 observations; Model 2: N = 13,182 participants, 51,383 observations; Model 3: 
N = 9323 participants, 36,161 observations.
a Adjusted for all baseline sociodemographic and smoking characteristics.
b Adjusted for all baseline sociodemographic, smoking and JUUL System use characteristics except initial satisfaction.
c Adjusted for all sociodemographic, smoking and JUUL System use characteristics.
d Time-varying covariate.
e Time was coded as continuous variable, in months.
A quadratic time term was significant (p < .001) when tested in a separate model.

Table 2 (continued)
Association of Sociodemographic, Smoking, and JUUL Characteristics and Switching

Regressors Univariate 
Models

OR (95% CI)

Adjusted 
Model 1a

OR (95% CI)

Adjusted 
Model 2b

OR (95% CI)

Adjusted 
Model 3c

OR (95% CI)Sociodemographic Characteristics
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quit smoking in the next 30 days (OR [95% CI] 
= 1.65 [1.57, 1.73]; Figure 2) were associated with 
significantly greater odds of switching.

Across the follow-up period, time-varying JUUL 
use characteristics including increased past 30-
day frequency of JUUL use (OR [95% CI] = 1.03 
[1.03, 1.03]), greater daily quantity of JUUL use 
(OR [95% CI] = 1.01 [1.01, 1.01]) and higher 
levels of JUUL dependence (OR [95% CI] = 1.17 
[1.14, 1.19]) were positively associated with switch-
ing (Table 2). Each one-day increase in past 30-
day JUUL use was associated with a 3% increase 
in odds of switching; similarly, each one-episode 
increase in JUUL use per day was associated with 
a 1% increase in odds of switching. A one-point 
increase in JUUL dependence was associated with a 
17% increase in the odds of switching. Compared 
to participants who primarily reported using Vir-
ginia Tobacco JUULpods, primary users of Mint 
(OR [95% CI] = 1.15 [1.08, 1.22]) and Mango 
(OR [95% CI] = 1.14 [1.07, 1.20]) had increased 
unadjusted odds of switching, and primary users 
of Classic Tobacco (OR [95% CI] = 0.82 [0.75, 
0.90]) and Creme (OR [95% CI] = 0.90 [0.84, 
0.98]) had lower odds of switching.

Point Prevalence of Past 30-day Switching 
across Follow-up Period by Smoking Subgroup

Given univariate analyses that found smoking his-
tory and smoking frequency were strongly associated 
with switching, we summarized switching in sub-
groups previously empirically defined by duration of 
regular smoking and baseline past 30-day smoking 
frequency.49 The sample was primarily comprised of 
daily long-term smokers (43.2% [N = 7663]) fol-
lowed by infrequent short-term smokers (14.5% [N 
= 2574]), frequent long-term smokers (13.3% [N 
= 2356]), daily short-term smokers (10.3% [N = 
1822]), infrequent long-term smokers (10.2% [N = 
1810]) and frequent short-term smokers (8.4% [N 
= 1495]). Across all follow-up assessments, rates of 
switching varied by smoking subgroup, with higher 
switch rates observed among less frequent and short-
er-term smokers (Figure 3). At the 12-month assess-
ment, switch rates were highest among infrequent 
short-term smokers (63.6%), followed by infre-
quent long-term smokers (59.9%), frequent short-
term smokers (55.8%), frequent long-term smokers 
(54.1%), daily short-term smokers (53.6%), and 

daily long-term smokers (43.1%). The steepest in-
crease in switching over time was seen in the daily 
long-term smokers, who more than doubled their 
switching rates from month 1 to month 12.

Adjusted Models Assessing Associations of 
Sociodemographic, Smoking, and JUUL Use 
Characteristics with Switching across Follow-up

In the first adjusted model that included all 
baseline sociodemographic and smoking variables 
(Model 1), age, sex and race/ethnicity were not 
significantly associated with switching; however, 
marital status and education level were both signifi-
cantly associated with switching across the entire 
follow-up period (Table 2).

Participants who planned to quit smoking in the 
next 30 days had greater odds of switching averaged 
across the follow-up period (OR [95% CI] = 1.70 
[1.60, 1.79]; Table 2 and Figure 2). Past 30-day 
frequency (OR [95% CI] = 0.97 [0.97, 0.98]) and 
quantity of smoking (OR [95% CI] = 0.99 [0.98, 
0.99] as well as duration of regular smoking (OR 
[95% CI] = 0.98 [0.97, 0.99]) and greater cigarette 
dependence (OR [95% CI] = 0.95 [0.92, 0.99]) re-
mained significantly associated with reduced odds 
of switching.

In the second adjusted model (Model 2) that 
included time-varying JUUL use characteristics 
in addition to all sociodemographic and smoking 
variables, race/ethnicity, marital status, and educa-
tion level were associated with switching (Table 2). 
Heavier and longer smoking history was associated 
with lower odds of switching, and participants who 
reported planning to quit smoking in the next 30 
days had greater odds of switching (OR [95% CI] 
= 1.68 [1.59, 1.78]). More frequent and greater 
daily quantity of JUUL use and greater JUUL de-
pendence were also significantly associated with 
increased odds of switching. After covariate adjust-
ment, primary use of Mint or Mango (vs Virginia 
Tobacco) JUULpods was not significantly associ-
ated with increased odds of switching.

In the third adjusted model (Model 3), there 
was a statistically significant association between 
baseline subjective “Satisfaction” from JUUL use 
and switching across follow-up period; each one-
point increase in “Satisfaction” was associated with 
a 17% increase in the odds of switching (OR [95% 
CI] = 1.17 [1.13, 1.21]; Table 2). Similar to Model 
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2, marital status and education were significantly 
associated with switching as were smoking and 
JUUL use characteristics. There were no statisti-
cally significant associations between primary use 
of non-tobacco (vs Virginia Tobacco) JUULpods, 
and increased switching.

Time-Lagged Associations of Time-Varying 
JUUL Use Characteristics and Switching

In the time-lagged models, after adjustment for 
covariates, the prospective associations of JUUL 
use characteristics were similar in magnitude to ef-
fects seen in the cross-sectional model (Table 3). 
Specifically, respondents who used JUUL more fre-
quently (both days per month and times used per 
day) and who demonstrated greater dependence on 
JUUL had greater odds of switching at the subse-
quent follow-up. No JUULpod flavors, compared 
to Virginia Tobacco, were associated with increased 
rates of switching.

Patterns of Past 30-day JUUL Use across 
Follow-up Period 

The proportion of participants reporting past 30-
day JUUL use remained high across the 12-month 
follow-up period (≥ 89.7% at each follow-up), 
ranging from 99.2% at the one-month follow-up 
to 89.7% at the 12-month follow-up (Table S5), 
while showing some decline over time – odds of 
past 30-day JUUL use decreased by 14% of the pri-
or month’s rate with each subsequent month post-
baseline (Time effect: OR [95% CI] = 0.86 [0.85, 
0.86]). There was little variability in frequency of 
past 30-day JUUL use (Range: 23.44-25.30 days) 
and daily quantity of JUUL use (Range: 10.83-
11.31 times/day) across the 6 follow-up assess-
ments (Table S5).

DISCUSSION
In this sample of adult smokers who purchased 

a JSK, rates of switching increased across the one-

Table 3 
Time-Lagged Associations of Time-Varying JUUL Use Characteristics and Switching

Univariate Models
OR (95% CI)

Adjusted Modela

OR (95% CI)

Time-Varying JUUL Use Characteristics

   No. Days Used JUUL in Past 30 Days 1.02 (1.02, 1.03) 1.02 (1.02, 1.03)

   No. Times Used JUUL per Day 1.01 (1.00, 1.01) 1.00 (1.00, 1.01)

   JUUL Dependence 1.20 (1.17, 1.23) 1.14 (1.11, 1.18)

Primary JUULpod Flavor Used in Past 30 Days

   Virginia Tobacco Ref Ref

   Classic Tobacco 0.78 (0.71, 0.86) 0.75 (0.66, 0.86)

   Menthol 1.05 (0.96, 1.15) 1.04 (0.93, 1.16)

   Mint 1.16 (1.09, 1.24) 1.07 (0.98, 1.16)

   Mango 1.13 (1.06, 1.21) 1.06 (0.98, 1.15)

   Fruit 1.07 (0.97, 1.17) 1.02 (0.91, 1.15)

   Creme 0.92 (0.84, 0.99) 0.87 (0.79, 0.96)

   Cucumber 1.00 (0.91, 1.10) 0.90 (0.80, 1.01)

Note.
Adjusted model: N = 11,016 participants, N = 35,178 observations.
a Adjusted for all sociodemographic, smoking and JUUL System use characteristics.
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year follow-up period, with over 50% of respon-
dents reporting complete past 30-day switching 12 
months after purchase; 33.1% reported sustained 
switching at both the 9-month and 12-month 
follow-ups. Consistent with observations in smok-
ing cessation studies, rates of switching varied as a 
function of smoking frequency and duration50,51 – 
switching decreased with increasing frequency and 
duration of smoking. However, switch rates were 
high among all subgroups of smokers – over 40% 
at the 12-month follow-up, even among long-term 
daily smokers. Consistent with previous research, 
more frequent use of JUUL and greater JUUL de-
pendence were associated with increased likelihood 
of switching away from combustible cigarettes,12-16 
and greater satisfaction from JUUL use at baseline 
also was positively associated with switching.

The progressive increase in switching rates across 
the one-year period stands in contrast to cessation 
trials in which rates of abstinence from cigarettes 
drop steeply over time.52 A key difference between 
this study and cessation trials is that participants 
did not necessarily start using JUUL with an im-
mediate intent to quit smoking (ie, there was no 
explicit expectation of a change in smoking, and 
no quit date was set), allowing participants to tran-
sition away from cigarettes at their own pace. As 
observed in previous research,13,53 initial dual use, 
rather than signaling failure and relapse, seemed to 
function as a transition to complete switching.32 In 
fact, the majority of smokers who purchased a JSK 
were not ready to quit (ie, not planning on quitting 
smoking in the next 30 days), and would not typi-
cally have qualified for smoking-cessation treat-
ment; yet, over 45% of these respondents reported 
complete switching 12 months later.

Conceptual models of drug use posit that initial 
positive subjective responses predict subsequent 
uptake;54-56 some qualitative evidence suggests sat-
isfaction with ENDS is central to successful switch-
ing,57 and trials have found that smokers who rated 
ENDS as more rewarding were more likely to re-
port decreased cigarette consumption.26,27 These 
findings support the paradigm that “abuse liabili-
ty” (ie, pharmacological reward and reinforcement) 
may be a key attribute of ENDS for facilitating 
smokers’ switching away from cigarettes.4 This con-
cept has been articulated by the US Food and Drug 
Administration (FDA) Center for Tobacco Prod-

ucts, which considered the abuse liability of IQOS, 
and it deemed to be similar to that of cigarettes, 
noting that IQOS, “[C]an provide an adequate 
nicotine source for dependent populations, in-
cluding current [smokers].”58 Consistent with this, 
greater subjective satisfaction during initial JUUL 
use (ie, at the baseline assessment) was prospec-
tively associated with significantly higher rates of 
complete past 30-day switching across the one-year 
follow-up period. Furthermore, greater frequency 
and daily quantity of JUUL use and greater depen-
dence on JUUL also predicted increased switching. 
Although this observational study cannot establish 
causality, these findings suggest that JUUL use may 
facilitate switching.

Greater frequency and quantity of smoking and 
higher levels of combustible cigarette dependence 
were associated with a lower likelihood of switch-
ing. These findings are consistent with the smoking 
cessation literature that demonstrates longer-term, 
heavier, and more dependent smokers are less like-
ly to achieve smoking abstinence.50,51 Additionally, 
one study of smokers who used ENDS found that 
those who were more cigarette-dependent at base-
line were less likely to switch away from cigarettes 
at a subsequent time.23 The comparatively high 
switch rates among all smoker subgroups (over 
40% at 12-month follow-up) suggest that JUUL 
use may facilitate switching, even among heavier 
and more dependent smokers.

The current study was a naturalistic observational 
surveillance study; there was no intervention – par-
ticipants purchased JUUL on their own as they 
wished, received no instructions or advice, and no 
behavioral objective was defined. The switch rates 
observed in this study were higher than for other 
epidemiological studies of US smokers and ENDS 
users,6-17 including the PATH study. Comparing 
switch rates across studies is difficult due to differ-
ences in the study designs and samples. The current 
study was based on use of JUUL, a nicotine-salt 
ENDS with greater nicotine delivery than early-
generation ENDS products,59 and differences in 
switching could be attributable to the characteris-
tics of JUUL (vs other ENDS devices).

All smokers in the current sample had newly 
purchased a JSK, which implies a degree of com-
mitment and motivation to use the product. This 
represents a sample of real-world motivated users, 
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likely a different population than that defined by 
past-30-day use in other studies. At the same time, 
the sample included smokers who would be expect-
ed to have limited switch rates – established smok-
ers who had smoked at least 100 cigarettes lifetime, 
including those who were not ready to stop smok-
ing, and excluded ‘experimenters’ and established 
smokers who reported smoking in the past 30 days 
at baseline but currently smoking “not at all” – who 
demonstrated higher switching rates.60

There has been considerable interest in the role 
of flavors in facilitating switching among smokers. 
In an unadjusted (univariate) model, primary users 
of Mint and Mango (vs Virginia Tobacco) JUUL-
pods were more likely to switch; however, in the 
adjusted models these associations were attenuated 
and no longer statistically significant. These results 
should be interpreted with respect to changes in 
the availability of flavors in the US marketplace; 
at the start of the study in 2018, all 8 JUULpod 
flavors were commercially available in the US. Juul 
Labs Inc voluntarily removed non-tobacco and 
non-menthol JUULpods (Mango, Fruit, Cucum-
ber, Creme) from retail stores in November 2018 
and entirely from the US marketplace in October 
2019.61 Mint was removed in November 2019.62 
The FDA issued final guidance prioritizing enforce-
ment against cartridge-based ENDS with flavors 
other than tobacco or menthol in January 2020.63 
Although there were no statistically significant dif-
ferences in switch rates by primary JUULpod fla-
vor, approximately 75% of participants primarily 
used flavors other than tobacco or menthol. Thus, 
overall, a greater number of smokers switched us-
ing non-tobacco flavors, suggesting that such fla-
vors may have had the greatest population impact 
(ie, greater utilization of non-tobacco flavors may 
have resulted in more switching). Future research is 
needed to assess the effect of the removal of flavors 
from the marketplace on smokers’ use of JUUL or 
other ENDS and switching.

The current study has several key strengths, in-
cluding its large sample of JUUL purchasers, longi-
tudinal design, contemporaneously collected data, 
multiple follow-up assessments, and JUUL-specific 
measures. In contrast to surveys that assess par-
ticipants annually, the assessment schedule in this 
study (6 assessments over one year) provides finer 
temporal detail to assess the trajectories of switch-

ing over time and elucidate potential mechanisms 
underlying the process of switching away from 
cigarettes.

The recruitment and inclusion of only recent 
JUUL purchasers may limit generalization to all 
JUUL users, but provides an ecologically-valid 
assessment of switching trajectories upon true 
adoption of JUUL. In contrast to other surveys, 
participants in this study were not classified as “us-
ers” based merely on any use in the preceding 30 
days, but rather, on the specific purchase of JUUL. 
Smokers who are motivated to purchase ENDS 
(including JUUL) are highly relevant to real-world 
adoption of ENDS products, and thus, a popula-
tion of significant public health interest. However, 
study volunteers may differ from the larger popula-
tion of users.

Compared to the US population of smokers,52 
the sample of JUUL purchasers in this study was 
younger, less racially diverse, and more affluent; 
however, the sample did include substantial num-
bers of older and non-white smokers. The younger 
age of the sample is characteristic of ENDS users, 
who are typically younger than cigarette smok-
ers,64-67 and has implications for public health, as 
switching away from cigarettes at younger ages is 
associated with improved health outcomes.68 The 
study did not include a contrast group of smokers 
who were not using JUUL, nor was it randomized. 
Additional clinical and epidemiological research is 
needed to infer causality.

Interpretation of the primary switching outcome 
may be limited by participant attrition – partici-
pants who were less successful in switching could 
conceivably have been more likely to drop out, 
suggesting actual switch rates lower than those 
reported. However, analyses of loss to follow-up 
revealed little evidence of selective drop-out by 
baseline characteristics, including smoking behav-
ior.29 Demographic and smoking history differenc-
es between responders and non-responders were 
consistently small in magnitude, and some charac-
teristics of non-responders, such as lower cigarette 
dependence, did not indicate that non-responders 
would have lower switching rates. Additionally, fol-
lowing completion of the study, participants who 
did not respond at 12 months were recontacted 
and reported comparable switching rates, further 
suggesting minimal bias due to non-response.29 
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These findings suggest that assuming participants 
who dropped out subsequently returned to smok-
ing (ie, an “intent-to-treat” analysis) would under-
estimate true switching rates, and similar to other 
large longitudinal observational studies (eg, PATH 
and International Tobacco Control survey) treat-
ing these participants as missing is likely to pro-
vide a more accurate estimate of switching. Thus, 
although it is possible that the analysis based on 
responders yields higher switching rates, such an 
effect is likely to be modest.

Like other large-scale observational studies, the 
current study was also limited by reliance on self-
report data and lack of biochemical verification of 
smoking abstinence. Use of non-cigarette tobacco 
products (eg, cigars) was not assessed at baseline 
or follow-up, limiting the study’s ability to char-
acterize participants’ tobacco use and relate it to 
switching. Use of non-JUUL ENDS products 
was not included in the current analysis; another 
manuscript in this issue found that greater propor-
tions of smokers who reported regular past 30-day 
use of non-JUUL ENDS at baseline (vs non-users) 
reported switching at 12 months.60 The follow-up 
period was limited to one year for this analysis, and 
future research should assess switching beyond this 
period.

Conclusions
Among adult smokers who purchased JUUL, 

rates of switching increased over the one-year fol-
low-up period, with over 50% of respondents re-
porting switching away from smoking 12 months 
after their initial JUUL purchase. Greater satisfac-
tion and engagement with JUUL were associated 
with switching away from combustible cigarettes, 
supporting the importance of sufficient satisfying 
effects in facilitating switching, and suggesting that 
JUUL use did play a role in switching. Although 
the observational design of this study precludes 
causal inferences, it provides prospective evidence 
that a substantial proportion of smokers who pur-
chased JUUL completely switched away from cig-
arette smoking one year later. These data suggest 
that adoption of JUUL may help smokers switch 
completely away from cigarette smoking, reducing 
their exposure to smoking-related toxicants, there-
by improving individual, and ultimately, popula-
tion health.
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Table S1
Proportion of Analytic Sample that Completed Each Follow-up Assessment

Completed 
1-Month 
Follow-up
N (%)

Completed 
2-Month 

Follow-up
N (%)

Completed 
3-Month 

Follow-up
N (%)

Completed 
6-Month

Follow-up
N (%)

Completed 
9-Month 

Follow-up
N (%)

Completed 
12-Month 
Follow-up

N (%)

13,650 (75.9) 13,533 (75.2) 13,257 (73.7) 11,621 (64.6) 12,186 (67.8) 11,919 (66.3)

Note. 
N = 17,986
A total of 4919 smokers did not complete a follow-up assessment post-baseline and were excluded from the analytic 
sample.

Table S2
Number of Follow-Ups Completed among Analytic Sample

Number of Follow-Ups Completed N (%)

1 Follow-Up 1907 (10.6)

2 Follow-Ups 1745 (9.7)

3 Follow-Ups 2020 (11.2)

4 Follow-Ups 2538 (14.1)

5 Follow-Ups 4099 (22.8)

6 Follow-Ups 5677 (31.6)

Note. 
N = 17,986
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Table S3
Differences in Baseline Smoking Characteristics by Survey Response Status, 

Among Current Established Smokers 

Baseline Smoking 
Characteristics 

No Smoking 
Data at Any
Follow-Up
(N = 4919)

Smoking Data 
at 1-5 

Follow-Up(s) 
(N = 12,309)

Smoking Data 
at All 6 

Follow-Ups
(N = 5677)

Total   
(N = 22,905)

Test of 
Difference 

(p)
R2

Age started smoking 
regularly (years),
Mean (SD) 

18.26 (4.07) 18.18 (3.71) 18.10 (3.76) 18.18 (3.80) .11 0.0002 

Years regular smoker, 
Mean (SD) 13.30 (11.81) 12.21 (10.77) 12.83 (10.42) 12.60 (10.93) < .001 0.0017 

Cigarette smoking 
dependence at baseline,a

Mean (SD) 
2.98 (1.08) 3.00 (1.07) 3.07 (1.08) 3.01 (1.08) < .001 0.0008 

No. days smoked cigarettes 
in past 30 days,
Mean (SD) 

23.30 (9.44) 23.19 (9.50) 23.58 (9.40) 23.31 (9.46) .04 0.0003 

No. cigarettes smoked
per day at baseline, 
Mean (SD) 

11.94 (9.08) 10.98 (8.08) 11.37 (8.31) 11.28 (8.37) < .001 0.0021 

Note.
a Combustible cigarette dependence, 16-item measure validated in PATH Study Adult Survey (Range: 1-5).
Adapted from manuscript, “The Adult JUUL Switching and Smoking Trajectories (ADJUSST) Study: methods and 
     analysis of loss-to-follow-up” included in this issue.
Abbreviations: UC, uncertainty coefficient (effect size indicator for contingency tables with categorical or ordinal 
     variables).
Data presented as N (%) unless otherwise noted. 
Denominators may be less than column heads due to missing data.
Tests of differences in smoking characteristics between: (1) participants who did not provide valid smoking data at any
     follow-up assessment post-baseline; (2) participants who provided valid smoking data at ≥1 but not all follow-up 
     assessments; and (3) participants who provided valid smoking data at all six follow-up assessments post-baseline
     were conducted with either χ2 (categorical variables) or one-way analysis of variance (continuous variables).
Uncertainty coefficient represents the proportional reduction in error when values of participant characteristics are used
     to predict smoking data status.
R2 is an effect size indicator continuous variables, expressing the percentage of variance in the continuous variable that is
     accounted for by the differences between respondent groups. 
For both effect-size estimates, lower values represent weaker relationships, with 0 representing no relationship and 1.0 
     a perfect relationship.
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Supplementary Results
Participant Accrual and Attrition

A total of 22,905 current established smokers completed the baseline assessment (68.7% retail purchasers [N = 12,356]; 
33.7% online purchasers [N = 6067]), over three-quarters (78.5%; N = 17,986) provided at least some follow-up data; the 
remaining 21.5% (N = 4919) completed the baseline survey but did not complete any follow-up assessments.  Across the 
follow-up period, the response rates ranged from 75.9% to 66.3%: 1-month, 75.9% (N = 13,650); 2-month, 75.2% (N = 
13,533); 3-month, 73.7% (N = 13,257); 6-month, 64.6% (N = 11,621); 9-month, 67.8%. (N = 12,186); 12-month: 66.3% 
(N = 11,919; Table S1).  Among current established smokers who completed ≥1 follow-up (N = 17,986), 31.6% (N = 5677) 
completed all six follow-ups, 22.8% (N = 4099) completed five, 14.1% (N = 2538) completed four, 11.2% (N = 2020) com-
pleted three, 9.7% (N = 1745) completed two and 10.6% (N = 1907) completed one follow-up (Table S2).

Table S4
Smoking Status and Reasons for Non-Response among Current Established Smokers

Smoking Status or Reason for Non-Response N (%)

Proportion not smoking in past 30 days  865 (46.0)

Reasons for non-responsea 

    Started smoking 84 (4.5)

    Stopped using JUUL 67 (3.6)

    Survey-related reasons 1504 (80.9)

    Other reasons 205 (11.0)

    Stopped smoking cigarettesb 38 (2.0)

Note. 
N = 1900
Adapted from manuscript, “The Adult JUUL Switching and Smoking Trajectories (ADJUSST) Study: Methods and 
   Analysis of Loss-to-Follow-Up” included in this issue.
Individual denominators may be less than total sample size due to missing data.
a Coded to be exhaustive and mutually exclusive by prioritizing assignment to reasons in the order shown. 
   Respondents who endorsed “Started smoking” were tallied under that category even if they also endorsed “Survey 
   process reasons.” 
b Coded as part of “Other reasons” category, also reported separately.

Table S5
JUUL Use Characteristics at Each Follow-Up Assessment

JUUL Use 
Characteristics

1-Month 
Follow-Up
(N = 13,757)

2-Month
Follow-Up
(N = 13,664)

3-Month
Follow-Up
(N = 13,387)

6-Month
Follow-Up
(N = 11,741)

9-Month
Follow-Up
(N = 12,333)

12-Month
Follow-Up
(N = 12,083)

Prevalence of Past 
30-Day JUUL Use 13,650 (99.2) 13,313 (97.4) 12,813 (95.7) 10,983 (93.5) 11,278 (91.4) 10,844 (89.7)

No. Days Used JUUL 
in Past 30 Days, 
Mean (SD)

25.30 (7.27) 25.13 (7.92) 24.73 (8.32) 24.28 (8.69) 23.86 (9.01) 23.44 (9.26)

No. Times Used JUUL 
per Day, 
Mean (SD)

10.83 (12.03) 11.03 (12.00) 11.04 (11.95) 11.17 (11.95) 11.31 (12.03) 11.22 (12.02)

Note. 
Values represent N (%) unless noted otherwise.
Sample sizes may be less than column heads due to missing data.
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Although the rates of cigarette smoking in the 
United States (US) have declined in recent 
years, cigarette smoking continues to be the 

single greatest preventable cause of death and dis-
ability,1 with cigarette smoking leading to 480,000 
deaths annually in the US.2

Since approximately 2007, when electronic nico-
tine delivery systems (ENDS) entered the US mar-
ket,3 smokers have had the option of using ENDS 
in place of cigarettes as a source of nicotine. In-
deed, ENDS use among US adults has increased 
as smoking has declined.4,5 ENDS are estimated to 
be much less harmful to adult smokers’ health than 
continued smoking of conventional cigarettes,6 and 
as such, can represent a harm reduction method for 
adult smokers who would not otherwise quit.7 The 
harm reduction potential of ENDS is strongest for 

adult smokers who switch completely away from 
cigarettes.7 However, surveys suggest that many 
smokers who use ENDS engage in dual use — con-
tinuing to smoke while using ENDS.8,9 The impli-
cations of dual use are not well-understood with 
respect to subsequent smoking and, ultimately, ef-
fects on dual users’ health.

Some studies have concluded that dual users are 
less likely to quit or switch away from cigarettes,10,11 
and are reported to have high risk of subsequently 
returning to exclusive smoking.12,13 Others have 
suggested that dual users smoke as many cigarettes 
as exclusive smokers do, implying that they may 
increase their exposure to toxicants.14,15 These find-
ings raise concerns that ENDS use augments and 
extends, rather than offsets and shortens, dual us-
ers’ cigarette consumption and duration. Thus, ex-
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amining tobacco use behavior among dual users is 
relevant for understanding what long-term health 
implications of dual use are likely to be.

Existing studies of dual users that employ cross-
sectional comparisons with exclusive smokers are 
problematic because they fail to account for dual us-
ers’ cigarette consumption prior to starting ENDS. 
For example, an analysis of switching among adult 
smokers using JUUL found that the smokers who 
engaged in dual use (vs switching completely) had 
higher cigarette consumption at baseline,16 mak-
ing cross-sectional comparisons between dual users 
and smokers invalid. Thus, longitudinal studies are 
needed to track changes in smoking behavior over 
time among smokers after initiating with ENDS.

Other research suggests that dual use is a tran-
sition phase towards reduced cigarette use17,18 or 
completely switching away from cigarettes.5,19,20 
Adult dual users report higher intentions to quit21 
and more frequent quit attempts than exclusive 
smokers.21 Some report that adult dual users smoke 
fewer cigarettes per day (CPD) than exclusive 
smokers,17,18,22 especially if they use ENDS daily.18 
Furthermore, some studies suggest that reduced 
cigarette consumption promotes rather than inhib-
its subsequent cessation of smoking.23,24

Thus, it remains unclear whether dual use of 
ENDS and cigarettes results in a reduction in ciga-
rette consumption (and a corresponding reduction 
in exposure to smoking-related toxicants) and a 
transition to switching completely away from ciga-
rettes, or a harmful behavior that leads to contin-
ued smoking and potentially increases net toxicant 
exposure. This question can best be answered in 
longitudinal data tracking adult smokers’ behavior 
upon adoption of ENDS: the current study utilizes 
a longitudinal cohort of adult smokers who pur-
chased a JUUL Starter Kit, which contained the 
JUUL System device (henceforth, ‘JUUL’) and 4 
different flavored e-liquid JUUL pods in 2018 and 
were followed over the course of a year in a non-
interventional naturalistic setting. These aims ad-
dress the research questions of how the prevalence 
of dual use relative to other tobacco-use categories 
(eg, switching completely away from cigarettes) 
changes over time in an ENDS-using cohort of 
smokers, and whether smokers change their ciga-
rette consumption after initiating ENDS use.

METHODS
Procedures

The sample was drawn from the Adult JUUL 
Switching and Smoking Trajectories (ADJUSST) 
study, a nationwide study of US adults (age 21+) 
who recently purchased a JUUL Starter Kit. The 
ADJUSST study followed this cohort in a longi-
tudinal, non-interventional, naturalistic obser-
vational in-market surveillance study. Baseline 
assessments focused on sociodemographic charac-
teristics, baseline smoking and ENDS use status 
and history. Follow-up assessments at 1, 2, 3, 6, 
9, and 12 months focused on past 30-day JUUL 
use and smoking. All assessments were conducted 
online. Other tobacco use (non-cigarette and non-
ENDS) was not assessed. The ADJUSST Study is 
not weighted, as the profile of the reference popula-
tion of JUUL Starter Kit purchasers is not known. 
Further details of ADJUSST, including details on 
recruitment and participation, are available in a sis-
ter paper.25

Those who completed all follow-ups were simi-
lar to those who missed some or all follow-ups (see 
below for details of response patterns) in terms of 
sociodemographic characteristics (age, sex, race/
ethnicity, marital status, education, and income; 
R2 or UC ≤ .001, indicating a small effect size) and 
baseline smoking characteristics (smoking status, 
age of first regular smoking, duration of regular 
smoking, cigarette dependence, number of smok-
ing days in past 30 days, CPD in past 30 days, and 
readiness to quit smoking; R2 or UC ≤ .002).25 Ad-
ditionally, a re-engagement survey of ADJUSST 
participants who missed the 12-month assessment 
showed high rates of non-smoking (with the low-
est among baseline established smokers at 46% not 
smoking in the past 30 days), and most in the re-
engagement survey (approximately 80%) cited sur-
vey process issues as opposed to smoking (< 6%) as 
the reason for non-response.25 Thus, we do not an-
ticipate substantial bias due to missed follow-ups. 

The current study’s analyses focused on current 
smokers or subsets of current smokers at baseline, 
defined as follows:25 (1) smoked in the past 30 days 
(“even a puff”), and (2) report they now smoke 
“some days” or “every day” (vs “not at all”). The 2 
different aims of this study utilize different analytic 
samples of smokers, as described in each section 
below.
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Objective 1: Trends in Dual Use, Smoking and 
JUUL Use

Sample. Analysis of dual use trends focused on 
baseline established smokers (N = 22,905), ie, past 
30-day smokers smoking every day or some days, 
and having smoked 100 cigarettes/lifetime.26 Es-
tablished smokers were used for this analysis, as 
experimental smokers (ie, those who smoked < 
100 cigarettes/lifetime) exhibit unstable use be-
havior, and as such may introduce instability into 
the trajectory analysis. Among baseline established 
smokers, 21.5% (N = 4919) did not complete any 
follow-ups, 24.8% (N = 5677) completed all 6 
follow-ups (complete-case sample; Table S1), and 
the remaining 53.7% (12,309) provided at least 
partial data at some, but not all, follow-ups. Of 
those who provided at least some follow-up data, 
75.9% provided data on smoking and JUUL one 
month, 75.2% at 2 months, 73.7% at 3 months, 
64.6% at 6 months, 67.8% at 9 months, and 
66.3% at 12 months; 80.1% provided data for at 
least one follow-up in the last half of the year (6 
months or later). Shiffman et al25 present analyses 
of nonresponse.

Measures. The current study focused on past 
30-day dual use (both using JUUL and smoking) 
and switching completely away from cigarettes (no 
smoking, “not even a puff” in the past 30 days). 
To describe characteristic patterns over time, 4 
tobacco-use categories were derived from the com-
bination of past 30-day smoking and past 30-day 
use of JUUL (“even a puff”). Specifically, they were: 
(1) dual use – any past 30-day use of both JUUL 
and cigarettes; (2) JUUL only – JUUL use with-
out smoking; (3) Smoking only – smoking without 
JUUL use; and (4) No JUUL/no smoking – use of 
neither JUUL nor cigarettes. A higher order cat-
egory captured switching completely away from 
cigarettes: no smoking, regardless of JUUL use (the 
sum of JUUL-only and No JUUL/no smoking).

Analyses. Generalized estimating equation (GEE) 
analyses examined trends over time in the percent-
age of baseline established smokers who engaged 
in dual use, considering both linear trends and 
deviations from linearity (quadratic trend), while 
accounting for clustering of observations within 
participants over time. GEEs account for multiple, 
and variable observations per participant. Detailed 
analysis of demographic and tobacco use predictors 

of switching (largely vs dual use) is presented in a 
sister paper.16 As a sensitivity analysis, to mitigate 
the effect of participants exiting the sample at par-
ticular time-points, we also analyzed trends in the 
“complete-case sample,” ie, those who completed 
all follow-up assessments (Table S1).

Objective 2: Changes in Cigarette 
Consumption

Sample. The second set of analyses examined 
changes in dual users’ cigarette consumption after 
initiating JUUL ENDS use. These analyses were 
conducted on 2 samples: (1) all smokers at baseline 
(smoked in the past 30 days, and smoked “some 
days” or “every day”)25 who reported being dual us-
ers at the relevant follow-up; and (2) the subset of 
baseline smokers who reported smoking at least 10 
CPD on smoking days (to allow material room for 
reduction). These analyses focused on all baseline 
smokers (whether ‘established’ or not) because any 
amount of smoking presents risk, and the interest 
was in assessing changes in cigarette consumption, 
including among experimental smokers, whose 
consumption might even be expected to increase 
over time. Whereas smoking (and by extension dual 
use) was defined by past 30-day smoking, only par-
ticipants who also reported smoking “some days” 
or “every day” (vs “not at all”) at each follow-up 
were asked detailed cigarette consumption ques-
tions. Of N = 26,522 baseline smokers, 50.6% (N 
= 13,431) completed the 6-month follow-up and 
provided data on past 30-day smoking, and 52.0% 
(N = 13,795) did at the 12-month follow-up. Of 
the N = 13,742 smokers who smoked 10+ CPD on 
smoking days at baseline, 47.0% (N = 6821) pro-
vided data on past 30-day smoking at the 6-month 
follow-up and, and 48.8% (N = 7088) did so at 12 
months.

Measures. Daily average cigarette consumption 
in the past 30 days was derived as CPD on smoking 
days × number of smoking days in the past 30 days 
/30 days, thus taking into account days smoked as 
well as daily cigarette consumption. Changes in 
cigarette consumption were analyzed at 6 and 12 
months, and expressed as percent reduction from 
baseline cigarette consumption. A priori, a thresh-
old of 50% or more reduction was set to indicate 
“substantial” reduction, based on previous litera-
ture.27 Similarly, increases of 50% or more were also 
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regarded as substantial.
Due to the questionnaire skip pattern described 

above, participants who reported now smoking 
“not at all” (vs “some days” or “all days”) at fol-
low-up despite reporting some smoking (“even 
a puff”) in the past 30 days were not queried on 

detailed smoking behavior. This means that ciga-
rette consumption data, and thus, change in ciga-
rette consumption data, are not available for this 
“not at all” group. Although other studies consider 
those reporting “not at all” smoking now as absti-
nent,12,28 we conservatively include this group as 

Table 1
Characteristics of Current Established Smokers, for Objective 1: 

Trends in Tobacco-use Categories
Baseline Established Smokersa

(N = 22,905)

Sex
Male 56.2% (12,766)
Female 43.3% (9837)
Transgender 0.5% (115)

Age [Median, IQR] 30 (24-39)

Education
High school or lower 28.4% (6071)
Associate degree or some college 43.0% (9172)
College degree or higher 28.6% (6101)

Race/
Ethnicity

Non-Hispanic white 78.9% (16,849)
Non-Hispanic black 2.8% (597)
Non-Hispanic Asian 5.5% (1174)
Non-Hispanic other 4.6% (979)
Hispanic 8.2% (1748)

Marital 
Status

Married 28.1% (6330)
Divorced, separated, or widowed 14.8% (3340)
Never married 57.0% (12,830)

CPD on days smoked --[Median, IQR] 10.0 (5.0-17.0)

Daily smoking in past 30 days 53.5% (12,104)

Number of smoking days in past 30 days  -- [Median, IQR] 30.0 (20.0-30.0)

Daily average cigarette consumption --[Median, IQR] 8.7 (2.5-15.0)

Years of regular smoking -- [Median, IQR] 10.0 (4.0-19.0) 

Age of first regular smoking -- [Median, IQR] 18.0 (16.0-19.0)

Cigarette dependence b (1-5 scale) -- [Median, IQR] 3.1 (2.2-3.9)

Note.
IQR: Interquartile range. Categorical variables are presented as percentage (N) and continuous 
variables are presented as median (interquartile range).
a Established smokers were defined as those who ever smoked, smoked at all in the past 30 days, 
  smoked “some days” or “every day,” and smoked ≥ 100 cigarettes in their life at baseline.
b Cigarette dependence was assessed with the Adult Tobacco Dependence (TD) Index with a range 
  of 1-5, with higher scores indicating greater dependence; see Goldenson et al for details.16
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smokers. The fact that detailed cigarette consump-
tion is missing for this group has potential to bias 
the cigarette-consumption data, as analyses on an 
analogous cohort on PATH data showed that they 
are likely to be light smokers (Table S2).

Supplemental analyses (see cigarette consump-
tion analysis, Tables S4 and S5) report an alternate 
measure of reduction in cigarette consumption: 
CPD on smoking days only, which isolates daily 
quantity from frequency (days per month).

RESULTS
Objective 1: Trends in Tobacco Use Categories

Table 1 shows the characteristics of the estab-
lished smokers at baseline who comprised the 
analytic sample for trend analyses on tobacco-use 
categories. The sample was 56.2% male, 78.9% 

non-Hispanic white, had a median age of 30 years, 
and 71.6% had at least some college. These par-
ticipants smoked a median of 10 CPD at baseline 
and just over half smoked daily. Mean cigarette de-
pendence was 3.0 on a 1-5 scale, which is higher 
than estimates for the adult smokers population.25 
A sister paper shows that higher dependence is as-
sociated with lower likelihood of switching.16

Figure 1 shows the trends in tobacco-use catego-
ries over the 12-month study period. One month 
after initial JUUL purchase, 72.3% of established 
smokers were dual using, and this declined mono-
tonically throughout the study to 43.2% at the 
12-month follow-up. Complete switching ac-
counted for the majority of the decline in dual 
use: among dual users at month one, 42.5% had 
switched completely away from cigarettes at the 
12-month follow-up, while 6.4% had returned 

Figure 1
Percentage of Established Smokers at Baseline Who are in Each of the 

Tobacco-use Categories at Follow-up

Note.
“Switched away from cigarettes” is defined as not smoking, so includes both JUUL-only and No JUUL/no smoking.
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to exclusive smoking. Sensitivity testing using the 
complete-case sample showed extremely similar 
trends, with slightly lower (approximately 1-3 per-
centage point) rates of dual use, and equivalently 
higher rates of complete switching (Figure S1, Ta-
ble S3).

Consistent with the trend evident in Figure 1, 
GEE analyses showed that the likelihood that par-
ticipants were dual using declined linearly over 
time (OR = 0.91 [0.91-0.92], p < .001), indicating 
a 9%-per-month reduction in the odds of dual use. 
There was also a positive quadratic effect of time 

Table 2
Characteristics of All Baseline Smokers (1st Column), and the 

Subset Smoking 10+ CPD on Smoking Days at Baseline (2nd Column), 
for Objective 2: Changes in Cigarette Consumption

Cigarette Consumption Analysis

All Baseline Smokersa

(N = 26,522)

Baseline Smokersa s
moking 10+ CPD on 

Smoking Days
(N = 13,742)

Sex
Male 56.4% (14,842) 56.6% (7714)
Female 43.0% (11,317) 43.1% (5877)
Transgender 0.5% (139) 0.3% (42)

Age [Median, IQR] 29 (23-38) 33 (26-43)

Education
High school or lower 29.2% (7173) 32.7% (4180)
Associate degree or some college 42.5% (10,429) 44.0% (5,11)
College degree or higher 28.3% (6949) 23.3% (2977)

Race/
Ethnicity

Non-Hispanic white 77.3% (19,044) 83.9% (10,715)
Non-Hispanic black 3.0% (747) 2.0% (261)
Non-Hispanic Asian 5.9% (1454) 4.2% (537)
Non-Hispanic other 4.6% (1140) 3.8% (488)
Hispanic 9.1% (2240) 6.0% (766)

Marital 
Status

Married 27.1% (7045) 33.5% (4527)
Divorced, separated, or widowed 14.3% (3730) 18.5% (2509)
Never married 58.6% (15,240) 48.0% (6498)

CPD on days smokedb  -- [Median, IQR] 10.0 (4.0-15.0) 15.0 (10.0-20.0)
Daily smoking in past 30 days 49.8% (13,023) 74.2% (10,139)
Number of smoking days in past 30 days -- [Median, IQR] 29.0 (15.0-30.0) 30.0 (29.0-30.0)
Daily average cigarette consumptiona  -- [Median, IQR] 7.5 (1.7-15.0) 15.0 (10.0-20.0)
Years of regular smoking  -- [Median, IQR] 9.0 (3.0-18.0) 13.0 (7.0-22.0)
Age of first regular smoking  -- [Median, IQR] 18.0 (16.0-20.0) 18.0 (16.0-19.0)
Cigarette dependenceb -- [Median, IQR] 2.9 (2.1-3.8) 3.5 (2.9-4.2)

Note.
CPD: Cigarettes per day. IQR: Interquartile range. Categorical variables are presented as percentage (N) 
and continuous variables are presented as median (interquartile range).
a Baseline smokers were defined as those who ever smoked, smoked at all in the past 30 days, and who 
  smoked “some days” or “every day” at baseline.
b Cigarette dependence was assessed with the Adult Tobacco Dependence (TD) Index with a range of 1-5, 
  with higher scores indicating greater dependence; see Goldenson et al for details.16
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(OR = 1.01 [1.01-1.01], p < .001), indicating that 
the decline in dual use slightly decelerated (ie, be-
came less steep) over time. Results were essentially 
identical for the complete-case sample (see supple-
mental trends in tobacco use analyses, Table S3 and 
Figure S1).

Objective 2: Changes in Cigarette 
Consumption

Table 2 shows the characteristics of all baseline 
smokers, and the subset who smoked 10+ CPD on 
smoking days, the 2 analytic samples for analyses 
on cigarette consumption. Both samples had ap-
proximately 56% males, were majority non-His-

panic white (> 75%), with approximately 70% of 
participants having attended college. Both groups 
smoked every day or nearly every day in the past 
month. The subset who smoked 10+ CPD on 
smoking days at baseline were comprised of more 
non-Hispanic white participants (approximately 
83% vs 77%) and had higher cigarette dependence 
scores.

Changes in cigarette consumption among all 
baseline smokers. Table 3 shows the percentages of 
dual users who substantially reduced their cigarette 
consumption, substantially increased consump-
tion, or neither (no substantial change) 6 and 12 
months after baseline. For context, as progressively 

Table 3
Tobacco Use Status (Switching away from Cigarettes and Dual Use) and Change in Cigarette 
Consumption Status (Substantial Reduction, No Substantial Change, or Substantial Increase) 

among All Baseline Smokers (Top Sub-rows) and Those Smoking 10+ CPD on Smoking Days at 
Baseline (Bottom Sub-rows) at 6-month (Top Row) and 12-month (Bottom Row) Follow-ups

 
Switched 

away from 
cigarettesa,c

Smoking 
onlyc

All Dual 
Usec

Dual Users, Stratified by Consumption Change

Past 30-day 
smoking 

but “not at 
all” nowb,d

Now smoking every day or some 
days (% of those with evaluable 

cigarette consumption)

Substantial 
reductione

No 
substantial 

changee

Sub-
stantial 

increasee

6-month 
follow-up

All Baseline 
Smokers

48.8% 
(6548)

3.7%
(499)

47.5%
(6384)

16.2% 
(1004)

60.5% 
(3018)

31.7% 
(1583)

7.8%
(390)

10+ CPD on 
Smoking Days 
at Baseline

41.0% 
(2796)

4.5%
(307)

54.5% 
(3718)

11.0%
(398)

62.4% 
(1972)

35.0% 
(1108)

2.6%
(82)

12-month 
follow-up

All Baseline 
Smokers

53.1% 
(7330)

5.2%
(722)

41.6%
(5743)

15.4%
(867)

59.1% 
(2693)

31.3% 
(1428)

9.6%
(438)

10+ CPD on 
Smoking Days 
at Baseline

46.6% 
(3305)

6.1%
(434)

47.2% 
(3349)

10.6%
(348)

63.2% 
(1827)

33.6% 
(973)

3.2%
(93)

Note. 
CPD: cigarettes per day. Percentages (N) are shown with respect to the corresponding sample in the column heading/sub-
heading.
a Parallel figures for those who were ‘established’ smokers at baseline (smoked > 100 cigarettes lifetime) are reported by 
  Goldenson et al as 46.6% at 6 months and 51.2% at 12 months.16

b Respondents who reported smoking “not at all” were not asked how often or how much they were smoking, and thus 
  cannot be assessed for change in cigarette consumption.
c Denominator size changes as follows across rows: row 1: N = 13,341; row 2: N = 6821; row 3: N = 13,795; row 4: N = 7088.
d Denominator size changes as follows across rows: row 1: N = 6384; row 2: N = 3718; row 3:N = 5743; row 4: N = 3349.
e Denominator size changes as follows across rows: row 1: N = 4991; row 2: N = 3162; row 3: N = 4559; row 4: N = 2893.
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fewer participants remain dual users (ie, on whom 
changes in consumption are assessed) at successive 
follow-ups (Figure 1), the proportions of dual use 
and complete switching are also presented. Because 
changes in cigarette consumption cannot be com-
puted among those who said they were smoking 
“not at all,” the percent of respondents in that cat-
egory are also presented.

At 6 months, roughly equal proportions of base-
line smokers were dual using (47.5%), as had 
switched completely away from cigarettes (48.8%). 
Of these dual users at 6 months, 16.2% report-

ed smoking “not at all,” and thus did not record 
cigarette consumption data. Among those who 
said they were smoking some days or every day, 
60.5% had substantially reduced their cigarette 
consumption (ie, by 50% or more) from baseline. 
This group decreased their cigarette consumption 
to a median of one cigarette per day, representing 
an 86.7% decrease in cigarette consumption from 
baseline (Table 4).

By 12 months, more participants had switched 
away from cigarettes (53.1%) and correspondingly 
fewer remaining dual users (41.6%). Consump-

Table 4
Changes in Cigarette Consumption and Follow-up Cigarette Consumption Values among All 

Baseline Smokers (1st Column) and Those Smoking 10+ CPD on Smoking Days (2nd Column), 
Who Dual Use at 6-month (1st Row) and 12-month (2nd Row) Follow-ups

All Smokers at Baseline 10+ CPD on Smoking Days at Baseline

Substantial 
reductiona

No 
substantial 
reductionb

Smoked 
in p30d, 
“not at 

all” now

Substantial 
reductiona

No substantial 
reductionb

Smoked 
in p30d, 
“not at 

all” now

6-month 
follow-up

N = 6384 (47.5% of all smokers at baseline) N = 3718 (54.5% of those smoking 10+ CPD 
on smoking days at baseline)

Percentage 
decrease in 
cigarette 
consumption
[median, IQR]

86.7%
(70.0% - 95.0%)

0.0%
(-28.6% - 25.0%) NAd 86.7%

(70.0% - 96.0%)
1.7%

(0.0% - 29.6%) NAd

Averagec daily 
cigarette 
consumption
[median, IQR]

1.0 
(0.3 – 2.7)

10.0 
(3.3 – 15.0) NAd 1.7 

(0.5 – 4.2)
15.0 

(10.0 – 20.0) NAd

12-month 
follow-up

N = 5743 (41.6% of all smokers at baseline) N = 3349 (47.2% of those smoking 10+ CPD 
on smoking days at baseline)

Percentage 
decrease in 
cigarette 
consumption
[median, IQR]

86.7%
(68.0% - 95.5%)

0.0%
(-38.9% - 25.3%) NAd 87.2%

(66.7% –96.0%)
6.8%

(0.0% - 30.0%) NAd

Averagec daily 
cigarette 
consumption
[median, IQR]

1.0 
(0.3 – 3.0)

10.0 
(2.7 – 15.0) NAd 1.7 

(0.5 – 4.7)
15.0 

(10.0 – 20.0) NAd

Note.
CPD: cigarettes per day. IQR: Interquartile range.
a Substantial reduction is defined as a reduction of ≥ 50% in CPD on days smoked at follow-up versus baseline.
b Includes no substantial change (< 50% change in either direction), or a substantial increase (≥ 50%) in CPD at 
  ollow-up versus baseline.
c Average daily consumption is derived as CPD on days smoked × number of days smoked in past 30 days/30 days.
d Respondents who reported now smoking “not at all” were not asked how often or how much they were smoking, and 
  thus, cannot be assessed for change in cigarette consumption.
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tion data among these remaining dual users at 12 
months closely resembled that of dual users at 6 
months, with a similar percentage (15.4%) smok-
ing “not at all,” and having substantially reduced 
their consumption (59.1%). Reducers smoked 
a median of one CPD, representing an 86.7% 
decrease.

Conversely, a minority (7.8%) of dual users sub-
stantially increased their cigarette consumption at 6 
months, while the remaining 31.7% had not sub-
stantially changed their smoking in either direc-
tion. These non-reducers had no net change from 
baseline. To understand changes in cigarette con-
sumption among those who substantially increased 
their smoking, we examined actual increases in 
CPD. Baseline cigarette consumption was modest, 
at a median of 1.3 CPD, and 41.3% showed an 
increase of only 2 CPD or less, with a median in-
crease of 3.2 CPD. 

These patterns were similar at 12 months as at 
6 months, with approximately the same propor-
tion who maintained similar levels of cigarette 
consumption (31.3%), but a slightly higher pro-
portion who substantially increased (9.6%). As at 6 
months, increasers at 12 months had modest base-
line consumption (median of one CPD) and small 
increases (median of 3 CPD) at follow-up.

Changes in cigarette consumption among base-
line smokers of 10+ cigarettes/day. Among the 
subset of smokers who smoked 10+ CPD on smok-
ing days at baseline, 54.5% were dual users at 6 
months and 41.0% had switched completely away 
from cigarettes. Of the dual users, 11.0% reported 
smoking “not at all,” and 62.4% of those smoking 
every day or some days had substantially reduced 
their cigarette consumption, averaging reductions 
of 86.7%, to a median of 1.7 CPD.

More of the smokers had switched away from 
cigarettes at 12 months (46.6%) and fewer re-
mained dual users (47.2%). Cigarette consump-
tion among the dual users also closely resembled 
that of dual users at 6 months, with a similar per-
centage (10.6%) smoking “not at all” and a similar 
percentage having substantially reduced their con-
sumption (63.2%). Reducers smoked a median of 
1.7 CPD, representing an 87.2% decrease.

Conversely, only 2.6% of the 10+ CPD smok-
ers substantially increased their cigarette consump-
tion at 6 months, and the remaining 35.0% did 

not substantially change their consumption. These 
non-reducers averaged 15 CPD, representing a 
negligible (1.7%) reduction in cigarette consump-
tion. Among those who substantially increased, 
baseline consumption was 10 CPD, with the me-
dian increase being 7.0 CPD.

Patterns among non-reducers at 12 months were 
similar to those at 6 months, with approximately 
the same proportion who maintained similar levels 
of cigarette consumption (33.6%) and who sub-
stantially increased (3.2%). As at 6 months, those 
who increased at 12 months had a baseline con-
sumption of 10 CPD, with a median increase of 8.

All results were highly similar for an alternate 
metric of cigarette consumption (CPD on smoking 
days, without taking into account number of days 
smoked; Tables S4, S5), although reductions were 
consistently smaller when measured using CPD on 
smoking days.

DISCUSSION
In this study, we examined dual use of cigarettes 

and JUUL ENDS, and evaluated time trends of 
dual use, as well as changes in cigarette smoking 
consumption following smokers’ initial purchase 
and use of a JUUL Starter Kit. Most established 
smokers reported dual use initially (one month 
after JUUL purchase), but dual use rates declined 
significantly over the following year, with by far the 
most common transition being to complete switch-
ing away from cigarettes (42.5% of initial dual 
users) as opposed to returning to exclusive smok-
ing (6.4%). Additionally, most smokers who were 
dual-using at 6 or 12 months substantially reduced 
their cigarette consumption (ie, by 50%) following 
JUUL purchase and use. Although detailed con-
sumption data were not available from dual users 
reporting smoking “not at all” at follow-up – who 
would be considered abstinent in other studies12 – 
supplemental analyses of an analogous cohort in 
the PATH study suggest that consumption is low 
among this group (Table S2). Those who did not 
reduce their consumption by half most often sus-
tained their baseline cigarette consumption. Only 
a small minority (< 1% of baseline smokers) sub-
stantially increased their cigarette consumption, 
and increases were usually small.

Thus, we observed 2 phenomena associated with 
dual use: reductions in cigarette consumption dur-
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ing dual use, and transition to complete switching 
from smoking. The 2 may be related. For exam-
ple, randomized trials show that use of nicotine 
replacement therapy products to reduce cigarette 
consumption also leads to complete cessation, even 
among smokers who were not initially ready to quit 
smoking.23 Moreover, those who substantially re-
duced their smoking were more likely to transition 
to complete abstinence from smoking.29,30 Thus, 
reductions in cigarette consumption during dual 
use may be part of the process of transitioning to 
complete switching over time.

The decline in dual use over time shows a trend 
complementary to that of switching rates, as shown 
in the sister paper on switching,16 indicating that 
most of those who transitioned away from dual use 
eventually switch completely away from cigarettes 
(as opposed to returning to exclusive smoking). In-
deed, of those engaged in dual use one month after 
purchase, over 40% had switched away from smok-
ing at 12 months. In other words, dual use appears 
to be a transitional state in a process of switching 
away from cigarettes. This is consistent with some 
previous research showing an inverse association 
between ENDS use and cigarettes per day among 
smokers.22

Additionally, the time trend modeling suggests 
that dual use may continue to decline beyond 
the follow-up duration presented here, though at 
a slower rate than that observed early in smokers’ 
adoption of JUUL ENDS. Thus, continued re-
search can further evaluate longer-term trends in 
dual use among this population of smokers who 
purchase and use JUUL System.

Although this study only analyzed smoking 
behavior, and not toxicant exposures or health 
impacts, the observed reductions in cigarette con-
sumption are relevant to toxicant exposures, and 
thus, likely relevant to subsequent health impacts. 
Toxicological research has examined the effect of 
complete switching and of dual use on exposure 
to harmful and potentially harmful constitu-
ents (HPHCs) that have been identified by the 
US Food and Drug Administration as relevant to 
smoking-related harm.14 Because dual use involves 
the addition of HPHCs from ENDS, on top of 
those from continuing smoking, there has been 
concern that dual users may have higher aggregate 
HPHC exposure than exclusive smokers.15 How-

ever, the reduction in cigarette consumption we 
report demonstrates that many dual users do not 
maintain their baseline cigarette consumption, but 
rather, substantially reduce it. This was also seen 
in a randomized study that instructed smokers to 
switch completely to JUUL for 6 weeks, in which 
those who engaged in dual use had reduced their 
cigarette consumption by 77%.31 That study also 
showed that the dual users reduced their exposure 
to NNAL, an important HPHC, by half, while 
maintaining nicotine levels. This pattern also was 
seen in a different study, in which smokers were 
randomized to switch completely to JUUL, dual 
use with up to 50% of their baseline cigarette con-
sumption, or abstain completely from all tobacco 
and nicotine for 6 days, in supervised confine-
ment.32 A similar study with another ENDS prod-
uct produced similar results.33 Dual use resulted in 
reductions in 12 different HPHCs that were ap-
proximately half of those seen among the complete 
abstainers, while complete switching resulted in re-
ductions equivalent to complete abstinence. 

In the current study, counting both those who 
switch completely away from smoking and those 
dual users who substantially reduced their cigarette 
consumption, over 70% of smokers who start using 
JUUL demonstrate a substantial reduction in ciga-
rette consumption at follow-up, and likely experi-
ence a corresponding reduction in primary HPHC 
exposure. However, the impact of other sources of 
HPHCs (eg, residual thirdhand smoke residues 
in smokers’ environments, or exposure to oth-
ers’ secondhand smoke) is unclear. Although any 
level of cigarette smoking poses health risks,34 the 
dose-response effect of smoking on several health 
outcomes35-37 suggests that substantial reductions 
in cigarette consumption and HPHC exposures 
could plausibly result in improved health out-
comes among dual users. More research is needed 
to evaluate the ultimate clinical impact of this level 
of reduction. 

While reducing their exposure to smoking-relat-
ed HPHCs, both the dual user and most switchers 
continued to be exposed to nicotine from JUUL, 
which also carries risk. Although JUUL uses a nic-
otine-salt formulation, which has been speculated 
to deliver more nicotine, pharmacokinetic studies 
show that peak nicotine levels and total nicotine 
exposure is lower after a single use of JUUL than 
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after smoking a usual-brand cigarette.38 Delivery 
from JUUL was within the range of seen for other 
ENDS, though higher than some.39-42 Another ex-
perimental study showed that smokers who were 
randomized to switch to JUUL (in the 5.0% nico-
tine concentration used in the present study) for 6 
days approximately maintained their baseline nico-
tine intake while drastically reducing their expo-
sure to smoke-related HPHCs. Those randomized 
to reduce their cigarette consumption by half while 
using JUUL showed slightly, non-significantly re-
duced nicotine exposure.32 Thus, although we did 
not assess nicotine exposure among dual users in 
this study, this suggests that the majority, who ma-
terially reduced their cigarette consumption, were 
unlikely to have increased their nicotine exposure.

Our findings on dual use differ from some pre-
vious work concluding that dual use is associated 
with maintaining cigarette consumption after 
starting ENDS,15 high rates of returning to exclu-
sive smoking,12,13 and lower likelihood of quitting 
or switching.10,11 It is possible that the differences 
are due to differences among ENDS products. This 
study was unique in focusing on users of JUUL, 
a nicotine-salt based ENDS that delivers more 
nicotine than some (but not all) other ENDS.39-42 
However, our data were limited to users of JUUL, 
and do not allow for any comparative inferences 
about other products.

The discrepancy between current and previous 
findings also may be due to differences in study 
sample and design, with the key difference being 
the timing of dual use initiation relative to study 
enrollment. The current study followed smokers 
longitudinally after they had just purchased JUUL, 
and thus, was able to capture the large percentage 
who switch away from cigarettes in the first few 
months afterwards (Figure 1). In contrast, most 
previous studies examining smoking outcomes 
among dual users fail to account for former dual 
users who had already switched completely away 
from cigarettes prior to ascertainment, thus likely 
restricting analyses to those who were so far un-
able to switch, consequently overestimating smok-
ing and dual use rates. Moreover, cross-sectionally 
comparing the smoking behavior between separate 
groups of ongoing dual users and exclusive smok-
ers is less valid than measuring changes in cigarette 
consumption in the same individuals, as we have 

done here. Therefore, the current findings mitigate 
concerns about dual use resulting in more great-
er cigarette consumption by demonstrating that, 
in a real-world population of adult smokers who 
purchased JUUL, dual use of both products was 
most often a temporary, transitional state marked 
by substantial reductions in cigarette consumption 
as smokers switch completely away from cigarettes.

In interpreting these data on dual use, it is im-
portant to keep in mind that most smokers who 
purchased and used a JUUL switched completely 
away from smoking by 12 months, and many had 
done so by 6 months.16 Thus, the analyses presented 
here do not represent the cigarette consumption of 
the overall population of those smokers, but rather, 
focus on the subset who continued to smoke while 
also using JUUL. Our metric of reduction in ciga-
rette consumption among dual users excluded the 
increasing proportion of JUUL users who reduced 
cigarette consumption by 100% – that is, those 
who switched completely – who constituted a ma-
jority of the smokers by 12 months. Also excluded, 
due to skip patterns in the ADJUSST study, were 
individuals who reported smoking in the past 30 
days, but then also said they were now smoking 
“not at all,” a pattern of responding associated with 
low cigarette consumption (Table S2). Thus, our 
data, although informative on the prevalence and 
nature of dual use, understate the reductions in cig-
arette consumption and exposures associated with 
adoption and use of JUUL.

It is important to emphasize that this was not 
a smoking-cessation or intervention study. AD-
JUSST participants were given no explicit expecta-
tion or goal to quit smoking upon JUUL purchase; 
in fact, many smokers were not ready to quit smok-
ing at baseline, as indicated by not planning to quit 
within 30 days,43 which would have disqualified 
them from traditional smoking cessation treat-
ment. Nevertheless, many smokers who purchased 
JUUL reduced their cigarette consumption and 
switched away from smoking over time.

Limitations and Strengths
Limitations of this study should be taken into 

account in understanding its implications. First, 
given the observational nature of this study and the 
lack of a non-ENDS user group, causal conclusions 
about the role of JUUL use in subsequent duration 
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and heaviness of cigarette smoking cannot be made. 
Second, the completion rate at any given follow-up 
wave was limited, and it is possible that those en-
gaged in dual use or continued smoking at baseline 
were more likely to miss follow-ups; however, analy-
ses of differences between those with complete ver-
sus limited data, as well as analyses of data collected 
from follow-up of those who missed assessments, 
showed little indication of bias.25 Third, our analy-
ses relied on self-report, consistent with practices 
in similar surveys.11,28,44-47 Fourth, the reductions 
in cigarette consumption may not indicate propor-
tionate reductions in exposure to HPHCs, as smok-
ers may compensate by increasing the intensity of 
smoking and thus their exposures. However, these 
reductions in cigarette consumption occurred in the 
context of using another nicotine product, which 
should obviate compensation. Indeed, experimental 
studies show that dual use with a 50%+ reduction in 
cigarette consumption substantially reduces HPHC 
exposure at follow-up.31-33 Another limitation is that 
other types of tobacco use were not assessed in the 
ADJUSST study; thus, it is unclear how these may 
impact trajectories of dual use or reductions in ciga-
rette consumption. A related question is the poten-
tial impact of other ENDS use; Prakash48 reports 
that those already using other ENDS at baseline 
were less likely to be smoking 12 months later.

The sample is not representative of the larger pop-
ulation of dual users, as it is comprised of smok-
ers who purchased JUUL. This likely represents a 
set of users with a greater demonstrated interest in 
using ENDS, as it excludes individuals who might 
be characterized as “users” on the basis of having 
merely tried JUUL in the preceding month.11,28,44-47 
Thus, the study represents the trajectory of smok-
ers who more significantly adopted JUUL, making 
it informative about the potential for such adop-
tion. Additionally, characteristics of this sample (eg, 
majority white, young, high levels of education, 
and low-to-moderate baseline cigarette consump-
tion) did not match those of smokers in general,9 
although they are closer to the profile of ENDS us-
ers with respect to age, race, and socioeconomic sta-
tus.49-52 Nevertheless, caution should be taken when 
generalizing these findings to other populations.

Strengths of this study include a large sample 
followed repeatedly over the course of 12 months 
with data on cigarette consumption.

Conclusions
Smokers who purchase and use JUUL show high 

prevalence of dual use after one month, but this is 
progressively displaced by complete switching away 
from smoking. Moreover, when dual using, most 
of the JUUL users show substantial reductions 
(50%+) in cigarette consumption, which is likely 
to result in commensurate reductions in exposure 
to HPHCs.32,33 Importantly, this dual-use state with 
reduced cigarette consumption is usually transition-
al, and most often gives way to complete switching 
away from cigarettes,7 which drastically reduces the 
health risks relative to cigarette smoking.7,53,54
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SUPPLEMENTARY MATERIALS

Dual Use of Cigarettes and JUUL: Trajectory and Cigarette Consumption Complete-Case 
Sensitivity Sample

RATIONALE
The main analyses of trends in tobacco-use categories (Figure 1) use all available data, including partial 

data from participants who did not complete all assessments. Here we use the subset of participants with 
complete follow-up data (“complete-case sample”) as a sensitivity sample (see Trends in Tobacco-Use Cat-
egories Supplement below; Figure S1, Table S3).

METHODS
The sub-sample of ADJUSST participants with complete data at all time points (“complete-case sample,” 

described in Shiffman et al (in this issue))1 was used as a sensitivity sample (N = 5677).

RESULTS
Table S1 shows the characteristics of the complete-case sample used in the supplementary analysis on 

trends in tobacco-use categories (Figure S1; Table S3). The complete-case sample is extremely similar to 
the full sample presented in the main manuscript with respect to demographic characteristics, smoking 
history, and cigarette and JUUL use at follow-up.

Analysis of Past 30-day but “Not at All” Now Smoking in PATH Rationale
RATIONALE

This supplement examines the minority of participants with uncertain smoking status at each wave, as 
determined by reporting having smoked in the past 30 days but then reporting “not at all” smoking now 
(vs “some days” or “every day.” In the ADJUSST study, respondents who said they smoked in the past 30 
days, but then said they now smoke “not at all” were not asked how many days they had smoked nor how 
many cigarettes per day, and thus did not contribute to the calculations of the sample’s cigarette consump-
tion. This is consistent with other studies’ use of defining those who report smoking “not at all” now as 
abstinent (eg, Coleman et al;2); however, here we conservatively consider them smokers and include them 
in all analyses to the extent possible.

To gain insight into the smoking behavior of respondents who showed this response pattern, we turned 
to the PATH study,3 which also asked both smoking-status questions (past-30-day smoking and now 
smoking every day, some days, or not at all), but did not use them to skip over further questions about 
frequency and quantity of smoking. Specifically, all respondents who reported smoking at least one day in 
the past 30 days were asked how many days in the past 30 days they smoked (this was set to 30 for those 
who now smoke “every day,” as per PATH logic) as well as how many cigarettes they smoked. Additionally, 
they were asked how long ago they had last smoked. Thus, PATH provides data on the smoking behavior 
of these past-30-day but not-at-all (P30D-NAA) smokers.

METHODS
We identified a sample of smokers with P30D-NAA response patterns in PATH Wave 4, and who had 

also provided adult Wave 3 data. To parallel the analyses in the ADJUSST study, we stratified individuals 
by their smoking status at Wave 3 (the equivalent of ADJUSST baseline) and tallied their reported smok-
ing behavior at Wave 4.

RESULTS
Table S2 below shows the results. Wave-4 P30D-NAA smokers who were current smokers at baseline 
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(had smoked at all in the past 30 days, and were smoking “every day” or “some days”) reported smoking 
7.6 days in the past month, and averaging 2.9 cigarettes per day. Only 19% smoked frequently, defined 
as 20 or more days per month. A minority (37.7%) reported having smoked in the 7 days preceding the 
assessment.

SUMMARY AND CONCLUSIONS
In sum, the PATH data strongly suggest that respondents with the P30D-NAA response pattern (ie, 

reporting they smoked in the past 30 days, but reporting they now smoke not at all) are smoking very 
little, smoking in frequently and a modest number of cigarettes. The majority report 7-day abstinence, 
suggesting they may consider themselves to have stopped smoking, which may help explain their ‘not at 

Table S1
Characteristics of Complete-case Sample of Established Smokers

Established Smokers,a

Complete-Case Sample
(N = 5677)

Sex
Male 53.1% (2995)
Female 46.4% (2615)
Transgender 0.5% (26)

Age [Median, IQR] 30.0 (25.0-38.0)

Education
High school or lower 28.7% (1534)
Associate degree or some college 43.3% (2314)
College degree or higher 28.0% (1499)

Race/
Ethnicity

Non-Hispanic white 78.5% (4162)
Non-Hispanic black 3.3% (175)
Non-Hispanic Asian 5.4% (284)
Non-Hispanic other 8.3% (441)
Hispanic 4.6% (242)

Marital Status
Married 30.5% (1711)
Divorced, separated, or widowed 14.9% (837)
Never married 54.6% (3061)

CPD on days smoked -- [Median, IQR] 10 (5-17)
Daily smoking in past 30 days 55.5% (3101)

Number of smoking days in past 30 days -- [Median, IQR] 30.0 (20.0-30.0)

Daily average cigarette consumption -- [Median, IQR] 9.3 (2.7-15.0)

Years of regular smoking -- [Median, IQR] 10.0 (5.0-19.0)
Age of first regular smoking -- [Median, IQR] 18.0 (16.0-19.0)
Cigarette dependence b (1-5 scale) -- [Median, IQR] 3.1 (2.3-3.9)

Note.
Smoking status defined at baseline. Categorical variables are presented as percentage (N) and continuous 
variables are presented as median (interquartile range).
a Established smokers were defined as those who ever smoked, smoked at all in the past 30 days, smoked “some 
  days” or “every day,” and smoked ≥ 100 cigarettes in their life at baseline.
b Cigarette dependence was assessed with the Adult Tobacco Dependence (TD) Index with a range of 1-5, with 
  higher scores indicating greater dependence; see Goldenson et al. for details.4
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Table S2
Smoking Patterns Reported by Wave 4 Respondents in PATH Who Indicated They Had 

Smoked in the Past 30 Days, but Also Indicated They Now Smoked “Not at All”
Current Smokera at Wave 3

N = 213

N Mean/% SD

Overall CPD (mean, SD), baseline (Wave 3) 206 5.8 7.6

Overall CPD (mean, SD), 1 year later (Wave 4) 178 2.9 5.0

Days smoked past 30 days† (mean, SD) 1 year later (Wave 4) 210 7.6 9.8

% smoking 20+ days in past 30b (%), 1 year later (Wave 4) 40 19.0% --

% smoked in past week (%), 1 year later (Wave 4) 80 37.7% --

Note.
a Defined as a reported any smoking (even a puff) in the past 30 days and that they now smoke every day or some days.  
b Per PATH logic, respondents who indicated they smoked every day were assigned smoking 30 days out of 30.

all’ response when asked to characterize their current smoking. This is consistent with other studies which 
consider the ‘not at all’ group as abstinent; however, we conservatively continue to consider these partici-
pants as smokers. In any case, these data from PATH, though on a different sample, and not addressing 
ENDS use, shed some light on how to interpret the P30D-NAA response pattern.

Trends in Tobacco Use Categories Supplement
RATIONALE

The main analysis uses all available data to examine trends in tobacco-use categories. This has the advan-
tage of using all available data, including that from participants who were not fully compliant. However, 
when evaluating trends over time, it is possible that progressive differential non-response at follow-up can 
yield patterns that mimic change over time. For example, if dual users were more likely to drop out, the 
rate of dual use might artifactually appear to be declining. For this reason, it is useful to also examine the 
trends in complete cases, where trends are evaluated on a constant consistent sample (see Complete-Case 
Sensitivity Sample above).

RESULTS
Figure S1 shows the trends in the 4 tobacco-use categories among the complete-case sample (Table S1) 

over the 12-month study period. One month after initial JUUL System purchase, 71.0% were dual using, 
and this declined monotonically to 40.5% at the 12-month follow-up. Complete switching accounted for 
the majority of the decline in dual use: among dual users at month one, 44.0% had switched completely 
away from cigarettes at the 12-month follow-up. Few smokers returned to exclusive smoking during the 
study (no more than approximately 6% of the baseline sample).

These results are highly similar to those reported in the main manuscript, with slightly fewer dual users 
(by 1-3 percentage points) among the complete-case sample than the full ADJUSST sample (Table S3).

Consistent with the trend evident in Figure S1, GEE analyses showed that the likelihood that partici-
pants were dual using declined over time (OR = 0.91 [0.91-0.92], p < .001), such that their odds of dual 
use were 9% lower every month after baseline. There was also a small quadratic increase in this trend (OR 
= 1.01 [1.01-1.01], p < .001), indicating that the decline in dual use decelerated over time.
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SUMMARY AND CONCLUSIONS
A complete-case analysis showed a progressive decline in the prevalence of dual use, along with a pro-

gressive increase in complete switching. The patterns seen in this analysis closely mirror those seen in the 
all-available-data analyses; thus, establishing their robustness, and indicating that the observed trends truly 
reflect changes over time, even within a stable cohort of JUUL System users.

Cigarette Consumption Analysis Supplement
RATIONALE

The main analyses use a definition of cigarette consumption that represents daily average cigarette con-
sumption, taking into account both cigarettes per day on smoking days, as well as number of days smoked 
out of the past 30 days. However, this frequency-quantity measure leaves it unclear whether any changes 
in cigarette consumption reflect changes in both cigarettes per day and number of days smoked. Thus, it 
is of interest to specifically examine changes in quantity of daily cigarette consumption, when evaluating 
changes in cigarette consumption after smokers initiate JUUL System ENDS.

MEASURES
These supplemental analyses defined daily cigarette consumption as cigarettes per day (CPD) on days 

smoked (ie, without taking into account number of days smoked in the past 30 days).

Figure S1
Percentage of Established Smokers at Baseline Who are in Each of the Tobacco Use 

Categories at Follow-up. “Switched away from Cigarettes” is Defined as Not Smoking, 
so Includes JUUL-only and No JUUL/No Smoking

Note.
“Switched away from cigarettes” is defined as not smoking  so includes both the JUUL-only and No JUUL/no smoking.
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Table S3
Comparison of Tobacco Use Trajectories between the Full Sample (Main Manuscript) and 

Complete-Case Sample (Supplement)
1 month 2 months 3 months 6 months 9 months 12 months

Dual Use
Full sample 72.3% 62.1% 56.4% 49.5% 45.9% 43.2%
Complete-case sample 71.0% 59.7% 53.8% 47.0% 43.6% 40.5%

JUUL only
Full sample 26.9% 35.4% 39.4% 44.0% 45.6% 46.5%
Complete-case sample 28.1% 37.8% 42.2% 46.4% 48.0% 49.6%

Smoking only
Full sample 0.5% 1.5% 2.7% 3.9% 4.7% 5.6%

Complete-case sample 0.7% 1.5% 2.4% 3.8% 4.3% 5.0%

No JUUL, 
no smoking

Full sample 0.3% 1.0% 1.6% 2.5% 3.8% 4.8%
Complete-case sample 0.2% 1.0% 1.5% 2.8% 4.1% 4.8%

Switched away from 
cigarettes

Full sample 27.2% 36.4% 41.0% 46.6% 49.4% 51.2%
Complete-case sample 28.3% 38.8% 43.7% 49.2% 52.1% 54.5%

RESULTS
Table S4 shows the percentages of dual users who substantially reduced their cigarette consumption, 

substantially increased consumption, or did not substantially change 6 and 12 months after baseline. For 
context, as progressively fewer participants remain dual users (ie, are in the sample for assessing changes in 
consumption) at successive follow-ups (Figure S1), the proportions of dual user and complete switching 
are also presented. Because changes in cigarette consumption cannot be computed among those who said 
they were smoking “not at all,” the percent of respondents in that category are also presented.

At 6 months, 47.5% of baseline smokers were dual users, while 48.8% had switched completely away 
from cigarettes. Of these dual users at 6 months, 16.2% reported smoking “not at all,” and thus, did not 
record cigarette consumption data. Among those who said they were smoking some days or every day, 
51.4% had substantially reduced their cigarette consumption (ie, by 50% or more) relative to baseline. 
This group of substantial reducers decreased their cigarette consumption to a median of 3 CPD, repre-
senting a 72.7% decrease in cigarette consumption from baseline (Table S5). Tobacco-use categories at 
12 months were similar to those at 6 months, with more participants who had switched away from ciga-
rettes (53.1%) and correspondingly fewer remaining dual users (41.6%). Consumption data among these 
remaining dual users at 12 months also closely resembled that of dual users at 6 months, with a similar 
percentage (15.4%) smoking “not at all” (thus, not reporting on cigarette consumption), and a similar 
percentage having substantially reduced their consumption (50.1%).

Conversely, a minority (7.8%) of dual users substantially increased their cigarette consumption at 6 
months, and the remaining 40.8% had not substantially changed their smoking in either direction. These 
2 groups of non-reducers on average smoked 10 CPD at 6 months, representing no net change from 
baseline. To understand changes in cigarette consumption among those who substantially increased their 
smoking, we examined the actual increases in CPD. In this group, baseline cigarette consumption was 
modest, at a median of 3 CPD, and 41.5% showed an increase of another 3 CPD or less, with a median 
increase of 5 CPD. Changes in cigarette consumption status among remaining dual users at 12 months 
was similar to those at 6 months, with approximately the same proportion who maintained similar levels 
of cigarette consumption (40.2%), but a slightly higher proportion who substantially increased (9.7%). 
Cigarette consumption among those who increased at 12 months was similar to consumption among 
those who increased at 6 months, with modest baseline consumption (median of 3 CPD) and moderately 
small increases (median of 4 CPD) at follow-up.
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Among the subset of smokers who smoked 10+ CPD on smoking days at baseline, 54.5% were dual us-
ers at 6 months and 41.0% had switched completely away from cigarettes. Of these dual users at 6 months, 
11.0% reported smoking “not at all,” and thus, did not provide cigarette consumption data. Among those 
who reported smoking some days or every day, 58.3% had substantially reduced their cigarette consump-
tion. These substantial reducers decreased their consumption to a median of 4.0 CPD, representing a 
75.0% decrease in cigarette consumption from baseline. Tobacco-use categories at 12 months were similar 
to those at 6 months, with more participants having switched away from cigarettes (46.6%) and fewer 
remaining dual users (47.2%). Consumption data among these remaining dual users at 12 months also 
closely resembled that of dual users at 6 months, with a similar percentage (10.6%) smoking “not at all” 
(thus, not reporting on cigarette consumption), and a similar percentage having substantially reduced their 
consumption (58.2%).

Conversely, only 2.1% of the 10+CPD smokers who were dual using at 6 months had substantially in-

Table S4
Tobacco Use Status (Switching away from Cigarettes and Dual Use) and Change in Cigarette 
Consumption Status (Substantial Reduction, No Substantial Change, or Substantial Increase) 

among All Baseline Smokers (Top Sub-rows) and Those Smoking 10+ CPD on Smoking Days at 
Baseline (Bottom Sub-rows) at 6-month (Top Row) and 12-month (Bottom Row) Follow-ups

 
Switched 

away from 
cigarettesa,c

Smoking 
onlyc

All Dual 
Usec

Dual Use, Stratified by Consumption Change  

Past 30-day 
smoking but 
“not at all” 

nowb, d

Now smoking every day or some 
days(% of those with evaluable 

cigarette consumption)

Substantial 
reductione

No 
substantial 

changee

Substantial 
increasee

6-month 
follow-up

All Baseline 
Smokers

48.8%
(6548)

3.7%
(499)

47.5%
(6384)

16.2% 
(1004)

51.4% 
(2580)

40.8% 
(2049)

7.8% 
(393)

10+ CPD on 
Smoking 
Days at 
Baseline

41.0% 
(2796)

4.5%
(307)

54.5% 
(3718)

11.0% 
(398)

58.3% 
(1860)

39.6% 
(1264)

2.1% 
(67)

12-month 
follow-up

All Baseline 
Smokers

53.1% 
(7330)

5.2% 
(722)

41.6%
(5743)

15.4% 
(867)

50.1% 
(2299)

40.2% 
(1846)

9.7% 
(446)

10+ CPD on 
Smoking 
Days at 
Baseline

46.6% 
(3305)

6.1% 
(434)

47.2% 
(3349)

10.6% 
(348)

58.2% 
(1697)

39.0% 
(1138)

2.8% 
(81)

Note.
CPD: cigarettes per day. Percentages (N) are shown with respect to the corresponding sample in the column heading/
subheading.
a Parallel figures for those who were ‘established’ smokers at baseline (smoked  > 100 cigarettes lifetime) are reported by 
  Goldenson et al as 46.6% at 6 months and 51.2% at 12 months.2

b Respondents who reported smoking “not at all” were not asked how often or how much they were smoking, and thus, 
  cannot be assessed for change in cigarette consumption.
c  Denominator size changes as follows across rows: row 1: N = 13,341; row 2: N = 6821; row 3: N = 13,795; row 4: N = 
  7088.
d Denominator size changes as follows across rows: row 1: N = 6384; row 2: N = 3718: row 3: N = 5743; row 4: N = 3349. 
e Denominator size changes as follows across rows: row 1: N = 5022; row 2: N = 3191: row 3: N = 4591; row 4: N = 2916.
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Table S5
Changes in Cigarette Consumption and Follow-up Cigarette Consumption Values among All 

Baseline Smokers (1st Column) and Those Smoking 10+CPD on Smoking Days (2nd Column), 
Who Dual Use at 6-month (1st Row) and 12-month (2nd Row) Follow-ups

All Smokers at Baseline 10+ CPD on Smoking Days at Baseline

Substantial 
reductiona

No substantial 
reductionb

Smoked 
in p30d, 

“not 
at all” 
now a

Substantial 
reduction

No 
substantial 
reductionb

Smoked 
in p30d, 

“not 
at all” 
now

6-month 
follow-up

N = 6384 (47.5% of all smokers at baseline) N = 3718 (54.5% of those smoking 10+ CPD 
on smoking days at baseline)

Percentage 
decrease in 
cigarette 
consumption
[median, IQR]

72.7% 
(60.0% - 83.3%)

0.0% 
(0.0% - 25.0%) NAc 75.0% 

(60.0% - 87.7%)
6.3% 

(0.0% - 30.0%) NAc

CPD 
[median, IQR]

3.0 
(1.0 – 5.0)

10.0 
(4.0 – 15.0) NAc 4.0 (2.0 – 5.0) 15.0 

(10.0 – 20.0) NAc

12-month 
follow-up

N = 5743 (41.6% of all smokers at baseline) N = 3349 (47.2% of those smoking 10+ CPD 
on smoking days at baseline)

Percentage 
decrease in 
cigarette 
consumption
[median, IQR]

71.4% 
(58.3% - 84.1%)

0.0% 
(-25.0% -25.0%) NAc 75.0% 

(60.0% - 86.7%)
6.3% 

(0.0% - 27.3%) NAc

CPD 
[median, IQR]

3.0 
(2.0-5.0)

10.0 
(4.0-15.0) NAc 4.0 

(2.0-5.0)
15.0 

(10.0-20.0) NAc

Note.
CPD: cigarettes per day. IQR: Interquartile range.
a Substantial reduction is defined as a reduction of ≥ 50% in CPD on days smoked at follow-up versus baseline.
b Includes no substantial change (< 50% change in either direction), or a substantial increase (≥ 50%) in CPD at follow-up 
  versus baseline.
c Respondents who reported now smoking “not at all” were not asked how often or how much they were smoking, and 
  thus cannot be assessed for change in cigarette consumption.

creased their cigarette consumption, and the remaining 39.6% did not substantially change their baseline 
consumption. Together, these 2 groups of non-reducers on average smoked 15 CPD, on average, repre-
senting a negligible (6.3%) reduction in baseline cigarette consumption. Among those who substantially 
increased, baseline consumption was 10 CPD, and 85.1% increased by another 10 CPD, with the median 
increase being 8.0 CPD. Changes in cigarette consumption among non-reducing dual users at 12 months 
were similar to those at 6 months, with approximately the same proportion who maintained similar levels 
of cigarette consumption (39.0%) and who substantially increased (2.8%). Changes in cigarette consump-
tion among those who increased at 12 months were similar to consumption of those who increased at 6 
months, with baseline consumption of 10 CPD and most having increased by another 10 CPD or less.

These results are highly similar to those in the main analyses that examine cigarette consumption us-
ing a definition that takes into account CPD on days smoked as well as number of days smoked. These 
supplemental results consistently show slightly lower rates of substantial reduction (by no more than 10 
percentage points for all baseline smokers; and by no more than 5 percentage points for the subset who 
smoked 10+ CPD on smoking days at baseline), which was mirrored by corresponding increases in rates of 
those who did not substantial change in cigarette consumption. Those who did reduce had slightly smaller 
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reductions (by approximately 10 percentage points) using this measure of consumption compared to that 
in the main text. Notably, the percentage who substantially increased is nearly identical as presented in the 
main text. 

SUMMARY AND CONCLUSIONS
An analysis using a different measure of cigarette consumption (CPD on days smoked) showed among 

smokers who dual use at follow-up, more than half had substantially reduced their smoking consumption. 
Actual reductions were over 70% among those who had substantially reduced. Conversely, less than 10% 
had substantially increased their cigarette consumption at follow-up. These findings are very similar to 
those using the frequency-quantity measure of cigarette consumption presented in the main text; however, 
the reductions were slightly lower when only measuring quantity, with fewer dual users having substan-
tially reduced smoking (by approximately 10 percentage points) and a slightly lower magnitude of actual 
reduction in CPD (by approximately 10-15 percentage points). Together, the two sets of results suggest 
that quantity alone does not fully account for the reduction observed using a quantity-frequency measure. 
In other words, that smokers who dual use reduce both the number of cigarettes they smoke on smoking 
days, as well as the number of days they smoke.
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486

Despite efforts made in tobacco control, 
smoking continues to be the most impor-
tant preventable cause of morbidity and 

mortality in the United States (US).1 The detrimen-
tal health effects of cigarettes, although universal, 
are disproportionately burdensome to select sub-
populations, such as racial/ethnic minorities, those 
in a low socioeconomic status (SES), and those 
with mental health comorbidities. Smokers who 
already have developed illnesses potentially related 
to smoking are also an important subpopulation, 
as their need to stop smoking is even more urgent, 
and they may be particularly resistant to quitting. 
These subpopulations have a higher prevalence of 
smoking2 and are less likely to succeed in quitting 
smoking.3 Therefore, it is important to assess how 
interventions and harm-reduction products such as 
electronic nicotine delivery systems (ENDS) affect 
these subpopulations.

The disparity in smoking prevalence and quit 
rates across medico-socio-demographic subgroups 
has been documented. For example, the smoking 
prevalence is as high as 24% among American In-
dian/Alaskan Native adults compared to 15.2% 
in non-Hispanic Whites.2 The quit rate in non-
Hispanic black Americans has been consistently ~ 
15% lower than that of white Americans.4 A simi-
lar trend has been observed in low-income smok-
ers, where those in a lower income category are 3 
times more likely to be current smokers2 and half as 
likely to achieve cigarette abstinence5 compared to 
those in a higher income category. Those with po-
tential smoking-related illnesses (SRI) have a longer 
and heavier history of smoking and a higher level 
of nicotine dependence,6,7 which are likely to have 
contributed to their comorbidities and low cessa-
tion rate.8,9 A high prevalence of smoking and low 
quit rates also are observed in those with mental 
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health diagnoses.10-12 Research on these subpopu-
lations’ responsiveness to existing smoking cessa-
tion interventions is scarce, but limited evidence 
suggests that cessation rates are lower than those in 
the general population.13-15 The disadvantages these 
subgroups face contribute to limiting these groups’ 
participation in the decline of smoking prevalence 
that is occurring at the larger population-level. This 
slower decline ultimately has resulted in a paradox-
ical worsening in smoking disparity,16,17 even as we 
see the all-time lowest prevalence of adult smoking 
in the overall US population since the beginning of 
monitoring in the 1960s.

ENDS have been proposed as a less harmful sub-
stitute for smoking for adult smokers who are un-
able or unwilling to quit smoking.18 Switching to 
ENDS has advantages over smoking by delivering 
nicotine with substantially lower levels of exposure 
to toxicants present in tobacco cigarette smoke.19 
A growing body of literature has explored the po-
tential of ENDS as a smoking cessation aid20-24 and 
demonstrated promising prospects in a traditional 
smoking cessation context. However, many smok-
ers are unable to or unwilling to quit smoking. In 
such cases, switching completely away from ciga-
rettes with ENDS can be a favorable alternative,25-29 
as it can reduce smokers’ exposure to smoking-
related toxicants, in some studies to roughly the 
same degree as abstaining from both smoking and 
ENDS.30,31

The literature on switching has yielded mixed 
results, likely made heterogeneous by variations in 
samples, methods and time-frames.25-29,32-34 Weaver 
et al,32 while reporting negative results for ENDS 
use, also note that the nature of the ENDS devices 
used has varied over studies and over time, with 
newer devices thought to be more effective in deliv-
ering nicotine to facilitate switching. Two studies 
examining adult smokers using the JUUL Sys-
tem (henceforth “JUUL”) ENDS have suggested 
that many smokers can switch away from smok-
ing. Russell et al35 indicated that 54% of smokers 
who purchased a JUUL Starter Kit (JSK) reported 
switching away from smoking (no smoking in the 
past 30 days) at 6 months. In The Adult JUUL 
Switching and Smoking Trajectories (ADJUSST) 
Study, Goldenson et al36 similarly found that most 
smokers (51%) completely switched away from 
combustible cigarettes 12 months after purchasing 

a JSK. Goldenson et al36 also showed that switch 
rates increase over time, and Selya et al37 showed 
that rates of dual use (use of JUUL while also 
smoking) concomitantly decrease over time.

However, it remains unknown if these favorable 
trends with JUUL also are seen in the aforemen-
tioned subpopulations with a history of smoking 
disparities. The evidence on such differences in 
switching among ENDS users is limited. For ex-
ample, Harlow et al38 and Park et al39 demonstrated 
decreased odds of switching among non-Hispanic 
black and non-Hispanic other race smokers, re-
spectively; however, these associations were not 
replicated in other papers.40-42 Similarly, Kurti et 
al41 and Kalkhoran et al42 showed that low income 
was associated with decreased odds of switching, 
but others found no such relationship.38,39 How-
ever, complete switching has been reported even 
among smokers with lower rates of smoking ces-
sation, such as those with a history of recurrent re-
lapse and physical/mental health issues.43-45

This study extends the findings on complete 
switching reported by Goldenson for the overall 
smoker population36 by examining 16 subgroups 
across 5 domains of medico-socio-demographic 
factors under special consideration: race/ethnic-
ity, income, diagnosis of potential SRI, and mental 
health issues (depression and anxiety, in particu-
lar). To document trajectories of smoking after 
adult smokers’ adoption of JUUL products in these 
subpopulations, this study analyzes data of the AD-
JUSST study, where established smokers who pur-
chased and used JUUL on their own in the open 
marketplace reported their smoking behavior over 
12 months.

METHODS
Procedures 

The data were from the ADJUSST study, a longi-
tudinal observational study of US adults who pur-
chased a JSK (a JUUL device, a charging dock, and 
4 e-liquid pods) between 2018 and 2019.46 Those 
who purchased a JSK were invited to participate, 
either through a card inserted in the package (re-
tail purchaser) or an email (online purchaser) in 
a longitudinal study that followed their cigarette 
smoking and JUUL use. Those who were (1) 21 
years or older, (2) permanent residents of the US, 
(3) purchased the JSK for the first time within the 
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past 5 days, and (4) not employees or family of 
employees of Juul Labs Inc, or PAX Labs Inc were 
eligible to participate. Participants who complete 
the baseline survey received email invitations for all 
follow-up surveys, even if they did not respond to 
the prior surveys. Participants were neither encour-
aged to stop smoking nor given a direction or sup-
port for any specific behavior or behavior change. 
Each survey invitation noted that participants were 
eligible to participate whether or not they were us-
ing JUUL and whether or not they were smoking. 
More details of the ADJUSST study have been de-
scribed by Shiffman et al.46

The present study analyzed a cohort of baseline 
smokers to assess the association between their 
medico-socio-demographic characteristics and 
complete switching away from combustible ciga-
rettes. For these analyses, smokers were defined as 
those who at baseline smoked in the past 30 days, 
report smoking ‘every day’ or ‘some days’, and had 
smoked 100 or more cigarettes in their lifetime; 
these are sometimes referred to as “established 
smokers.” Participants who met the other 2 crite-
ria, but who reported now smoking “not at all” at 
baseline were not included.

Participant Disposition and Missing Data
The study sample included 17,986 adult (21+) 

baseline smokers who completed at least one of 6 
follow-up assessments post-baseline (months 1, 2, 
3, 6, 9, and 12). The number of respondents who 
participated each follow-up was as follows: 13,650, 
13,533, 13,257, 11,621, 12,186, and 11,919 at 
months 1, 2, 3, 6, 9, and 12, respectively. Descrip-
tive analyses on smoking status over time used all 
of these 76,166 data-points (an average of 4.23 
follow-ups per participant). 

Among those who responded to some but not all 
follow-up surveys (ie, 1-5 surveys), 70.3% provided 
3 or more follow-ups. A strong majority (82.7%) 
of this partial-response cohort showed a pattern of 
intermittent responding (eg, missing one or more 
follow-ups, but then returning at subsequent fol-
low-ups) rather than discontinuation (eg, initially 
responding, then dropping out and completing no 
subsequent follow-ups). A strong majority (80.1%) 
completed at least one of the follow-ups in the sec-
ond half of the year (ie, at or after 6 months).

Survey nonresponse has the potential to cause 

biases if responders differ from non-responders. 
However, analyses by Shiffman et al46 showed that 
(1) those with no follow-up data, (2) those with 
partial data, and (3) those who completed all 6 
follow-ups did not show meaningful differences in 
their sociodemographic characteristics and baseline 
smoking history (R2 or uncertainty coefficients ≤ 
0.002). Also, the observed differences were small 
and did not consistently suggest that non-respond-
ers would have had lower switching rates (eg, they 
had lower cigarette dependence, which was associ-
ated with higher rates of switching).36 Furthermore, 
when nonrespondents to the month 12-survey 
were re-contacted, 46% reported complete switch-
ing.46 Collectively, these results indicate that biases 
from participation rates are likely to be limited. As 
it also can be useful to examine data from complete 
cases for trends over time, so as to follow the same 
cohort of individuals without a changing sample 
over timepoints, data based on complete cases (N = 
5677) are shown in the Supplementary Material 1.

The generalized estimating equation (GEE) 
modeling was necessarily based on those partici-
pants with non-missing data on all 11 covariates 
(described below), resulting in a dataset of 57,314 
observations from 13,461 participants. In this 
analysis, the number of participants at each follow-
up was 10,328, 10,187, 9957, 8770, 9149, and 
8923 at months 1, 2, 3, 6, 9, and 12, respectively.

Measures
Defining special populations. Five special sub-

populations were defined based on baseline medico-
socio-demographic characteristics. Race/ethnicity 
was coded into 5 levels based on participants’ ra-
cial, ethnic, and national origin. Three strata of in-
come were defined, based on the federally-defined 
poverty level (FPL),47 which takes into account 
household income and household size. The strata 
corresponded approximately to ≤ 150% of the 
FPL, 150%-400% of FPL, and ≥ 400% FPL, and 
were referred to as low, medium, and high income. 
See the Supplemental Material 2 for details.

Medical history was self-reported by questions 
on whether the participant had ever been told by a 
health professional of a diagnosis of particular dis-
eases. A composite stratum of potential SRI was 
defined by diagnosis of chronic obstructive pul-
monary disease (COPD), emphysema, congestive 
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heart failure, a stroke, or a heart attack or a need 
for bypass surgery. Two mental health conditions 
were included: a self-reported diagnosis of depres-
sion and anxiety by a health professional.

Outcome: complete switching away from ciga-
rettes. Participants’ complete switching status was 
evaluated independently at each follow-up wave, 
where participants were asked: “In the past 30 
days, have you smoked a cigarette, even one or 2 
puffs?” As in similar longitudinal surveys of smok-
ing trajectories of ENDS users (such as the Popula-

tion Assessment of Tobacco and Health,25,38,42,48 the 
International Tobacco Control Project,49 and the 
Tobacco Use Supplement to the Current Popula-
tion Survey50), those who indicated that they have 
not smoked in the past 30 days were considered 
to have completely switched away from cigarettes 
at that time. Also as in these other similar surveys, 
determination of smoking status relied on self-re-
ports, with no biochemical verification. The use of 
noncigarette tobacco products (eg, cigars, hookah), 
either historical or concurrent, was not assessed.

Table 1
Baseline Characteristics and JUUL Use of the Sample, Stratified by Sociodemographic Groups

Characteristics
Race Income Total

White Black Asian Hispanic Other/
multi

< 150% 
FPL

150 – 400% 
FPL

> 400% 
FPL

N 13,183 496 950 1435 766 6279 4839 4506 17,986

Race/
ethnicity*

White 4560
(77.13%)

3672
(80.39%)

3324
(78.27%)

13183
(78.33%)

Black 210 
(3.55%)

119 
(2.61%)

88 
(2.07%)

496 
(2.95%)

Asian 232 
(3.92%)

205 
(4.49%)

371 
(8.74%)

950 
(5.64%)

Hispanic 589 
(9.96%)

362 
(7.92%)

316 
(7.44%)

1435 
(8.53%)

Other/multi 321 
(5.43%)

210 
(4.60%)

148 
(3.48%)

766 
(4.55%)

Income*

< 150% 
FPL

4560 
(39.46%)

210 
(50.36%)

232 
(28.71%)

589 
(46.49%)

321 
(47.28%)

6279 
(40.19%)

150 – 400% 
FPL

3672 
(31.78%)

119 
(28.54%)

205 
(25.37%)

362 
(28.57%)

210 
(30.93%)

4839 
(30.97%)

> 400% 
FPL

3324 
(28.76%)

88 
(21.10%)

371 
(45.92%)

316 
(24.94%)

148 
(21.80%)

4506 
(28.84%)

Smoking-related illness - 
Yes*;**

471 
(3.57%)

10 
(2.02%)

10 
(1.05%)

25 
(1.74%)

15 
(1.96%)

226 
(3.60%)

134 
(2.77%)

112 
(2.49%)

581 
(3.23%)

Depression - Yes*;** 4276 
(32.44%)

116 
(23.39%)

118 
(12.42%)

399 
(27.80%)

273 
(35.64%)

2463 
(39.23%)

1457 
(30.11%)

1033 
(22.92%)

5495 
(30.55%)

Anxiety - Yes*;** 4124 
(31.28%)

99 
(19.96%)

90 
(9.47%)

385 
(26.83%)

272 
(35.51%)

2300 
(36.63%)

1364 
(28.19%)

1052 
(23.35%)

5272 
(29.31%)

Age*;** 30
(24-39)

30
(24-40)

30
(25-36)

27
(23-34)

27
(23-35)

26
(22-34)

30
(25-38)

33
(27-42)

30
(24-38)

Gender*;**

Male 6967 
(52.85%)

293 
(59.07%)

723 
(76.11%)

881 
(61.39%)

389 
(50.78%)

3172 
(50.83%)

2639 
(54.82%)

2887 
(64.43%)

9820 
(54.99%)

Female 6154 
(46.68%)

198 
(39.92%)

225 
(23.68%)

539 
(37.56%)

370 
(48.30%)

3014 
(48.30%)

2153 
(44.72%)

1581 
(35.28%)

7943 
(44.48%)

Transgender 62 
(0.47%)

5 
(1.01%)

2 
(0.21%)

15 
(1.05%)

7 
(0.91%)

54 
(0.87%)

22 
(0.46%)

13 
(0.29%)

95 
(0.53%)

Education*;**

HS or 
lower

3509 
(28.26%)

129 
(28.35%)

94 
(10.66%)

432 
(32.07%)

210 
(29.17%)

2538 
(40.48%)

1222 
(25.28%)

597 
(13.27%)

4689 
(27.82%)

Associate 5436 
(43.77%)

231 
(50.77%)

245 
(27.78%)

584 
(43.36%)

345 
(47.92%)

2842 
(45.33%)

2232 
(46.18%)

1640 
(36.45%)

7274 
(43.16%)

Bachelor or 
more

3474 
(27.97%)

95 
(20.88%)

543 
(61.56%)

331 
(24.57%)

165 
(22.92%)

889 
(14.18%)

1379 
(28.53%)

2262 
(50.28%)

4889 
(29.01%)

(continued on next page)
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Covariates. Multivariable models predicting 
switching were adjusted for 11 covariates. Baseline 
characteristics included age, gender, educational at-
tainment, marital status, smoking frequency, smok-
ing quantity, duration of regular smoking, cigarette 
dependence, and baseline readiness to quit smoking 
(planning to quit in the next 30 days). See Tables 
1 and 2 for categories used. Baseline data were col-
lected on the number of days smoked in the past 30 
days and the number of cigarettes smoked on days 
smoked. The duration of regular smoking was col-
lected, accounting for the time he/she stayed off cig-
arettes. Cigarette dependence was calculated from a 
16-item scale (scored 1-5), measuring the level of 
experiences such as craving and withdrawal symp-
toms (comprised of items from the Brief Wisconsin 
Inventory of Smoking Dependence Motives51 and 
Nicotine Dependence Syndrome Scale52). This scale 
has been validated through the Population Assess-

ment of Tobacco and Health data for assessment of 
dependence on both cigarettes and on ENDS, and 
shown to predict smoking cessation.53 

JUUL product use frequency and quantity were 
collected at each follow-up assessment, based on the 
self-reported number of days the participant used 
JUUL in the past 30 days and the number of JUUL 
use sessions (use of around 15 puffs, or 10 min-
utes54) on days he/she used JUUL product. Averaged 
frequency and quantity of JUUL use were calculated 
for each participant using all available responses.

Data Analysis
Longitudinal trajectories of participants’ ciga-

rette and JUUL use, including complete switching 
away from cigarettes, dual use of both JUUL and 
cigarettes, cigarette-only use, and use of neither 
cigarettes nor JUUL were plotted. “Switching” was 
defined as no smoking in the past 30 days, whether 

Marital 
status*;**

Married 3745 
(28.79%)

103 
(21.28%)

296 
(32.14%)

315 
(22.32%)

159 
(21.06%)

1122 
(17.91%)

1306 
(27.06%)

1791 
(39.94%)

4956 
(27.98%)

W/D/S 2052 
(15.78%)

66 
(13.64%)

56 
(6.08%)

127 
(9.00%)

99
(13.11%)

923 
(14.74%)

728 
(15.08%)

551 
(12.29%)

2592 
(14.63%)

Never 
married

7210 
(55.43%)

315 
(65.08%)

569 
(61.78%)

969 
(68.67%)

497 
(65.83%)

4218 
(67.35%)

2792 
(57.85%)

2142 
(47.77%)

10163 
(57.38%)

Planning to quit smoking 
in next 30 days*

5527 
(44.37%)

228 
(49.03%)

266 
(29.26%)

546 
(39.91%)

316 
(43.95%)

2575 
(43.76%)

2048 
(44.44%)

1806 
(41.67%)

7356 
(43.31%)

Smoking frequency*;** 30
(20-30)

29
(16–30)

28
(15-30)

25
(12-30)

30
(20-30)

30
(19-30)

30
(20-30)

30
(15-30)

30
(20-30)

Smoking quantity*;** 10
(5-20)

7
(4-11)

6 
(3-10)

6 
(3-10)

8 
(4-15)

10 
(5-15)

10
(5-17)

10 
(4-15)

10 
(5-15)

Years smoked regularly*;** 10 
(5-20)

8 
(3-18)

8 
(4-15)

6 
(3-13)

7 
(3-15)

7 
(3-15)

10 
(5-19)

11 
(5-20)

10 
(4-18)

Cigarette dependence*;** 3.12 
(2.25-3.94)

2.81 
(2.07-3.56)

2.84 
(2.00-3.62)

2.75 
(1.88-3.56)

3.00 
(2.12-3.81)

3.12 
(2.31-4.00)

3.06 
(2.25-3.88)

2.88 
(2.00-3.69)

3.06 
(2.19-3.88)

Average JUUL use 
frequency**

26.5 
(18.33-30)

24 
(16.17-29.83)

27.5 
(20-30)

25.75 
(18-30)

 25 
(17.5-30)

25.83 
(18.33-30)

26.67 
(18.75-30)

27 
(18.17-30)

26.25 
(18.33-30)

Average JUUL sessions 
per day*

8 
(4.4-13.67)

7.6 
(4.17-14.20)

7.33 
(4.04-13)

8.17 
(4.4-14.5)

7.6 
(4.4-13.33)

8.67 
(4.83-15)

7.75 
(4.33-13.5)

7 
(4-11.67)

8 
(4.4-13.75)

* significant difference between 5 racial/ethnic groups (p < .01)
** significant difference between 3 income levels (p < .01)
FPL: Federal poverty line, HS: High school, W/D/S: widowed/divorced/separated

Note.
Statistics represent valid frequency (percentage) for categorical variables and median (interquartile range) for continuous variables. p-values are computed 
from chi-square tests for categorical variables or ANOVA for continuous variables.

Table 1 (continued)
Baseline Characteristics and JUUL Use of the Sample, Stratified by Sociodemographic Groups

Characteristics
Race Income Total

White Black Asian Hispanic Other/
multi

< 150% 
FPL

150 – 400% 
FPL

> 400% 
FPL

N 13,183 496 950 1435 766 6279 4839 4506 17,986
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JUUL was also used in that particular month or not. 
Overall, 99% of respondents used JUUL during 
the study, and prevalence of JUUL use remained at 
90% or higher for the duration of the follow-up.36 

To assess the relationship between medico-
socio-demographic characteristics and complete 
switching, generalized estimating equation (GEE) 
modeling was used with the “geepack” package55 of 
R software.56 As expected,57 depression and anxi-
ety diagnoses were highly co-linear (r = 0.63), and 
therefore, were examined in separate models, as 
were diagnosis of potential SRIs. Specifically, one 

model tested the effects of race/ethnicity and in-
come (fully adjusted for each other) on complete 
switching. Subsequent models respectively assessed 
potential SRI, depression, and anxiety and their 
relationships with switching while accounting for 
race/ethnicity and income. All models were adjust-
ed for time (in continuous months) and the afore-
mentioned 11 covariates.

RESULTS
Most participants identified themselves as non-

Table 2
Baseline Characteristics and JUUL Use of the Sample, Stratified by Physical and 

Psychological Comorbidities

Characteristics
Smoking-related illness Depression Anxiety

Total
Yes No Yes No Yes No

N 581 17,405 5495 12,491 5272 12,714 17,986

Race/
Ethnicity*;**;***

White 471 
(88.70%)

12,712 
(77.99%)

4276 
(82.52%)

8907 
(76.47%)

4124 
(82.98%)

9059 
(76.38%)

13,183 
(78.33%)

Black 10 
(1.88%)

486 
(2.98%)

116 
(2.24%)

380 
(3.26%)

99 
(1.99%)

397 
(3.35%)

496 
(2.95%)

Asian 10 
(1.88%)

940 
(5.77%)

118 
(2.28%)

832 
(7.14%)

90 
(1.81%)

860 
(7.25%)

950 
(5.64%)

Hispanic 25 
(4.71%)

1410 
(8.65%)

399 
(7.70%)

1036 
(8.89%)

385 
(7.75%)

1050 
(8.85%)

1435 
(8.53%)

Other/multi 15 
(2.82%)

751 
(4.61%)

273 
(5.27%)

493 
(4.23%)

272 
(5.47%)

494 
(4.17%)

766 
(4.55%)

Income*;**;***

< 150% FPL 226 
(47.88%)

6053 
(39.95%)

2463 
(49.73%)

3816 
(35.76%)

2300 
(48.77%)

3979 
(36.48%)

6279 
(40.19%)

150–400% FPL 134 
(28.39%)

4705 
(31.05%)

1457 
(29.42%)

3382 
(31.69%)

1364 
(28.92%)

3475 
(31.86%)

4839 
(30.97%)

> 400% FPL 112 
(23.73%)

4394 
(29.00%)

1033 
(20.86%)

3473 
(32.55%)

1052 
(22.31%)

3454 
(31.66%)

4506 
(28.84%)

Smoking-related illness – Yes**;*** 255 
(4.64%)

326 
(2.61%)

236 
(4.48%)

345 
(2.71%)

581 
(3.23%)

Depression - Yes*;*** 255 
(43.89%)

5240 
(30.11%)

4001 
(75.89%)

1494 
(11.75%)

5495 
(30.55%)

Anxiety - Yes*;** 236 
(40.62%)

5036 
(28.93%)

4001 
(72.81%)

1271 
(10.18%)

5272 
(29.31%)

Age*;**;*** 47 (36-57) 29 (24-38) 28 (23-38) 30 (24-39) 28 (23-37) 30 (24-39) 30 (24-38)

Gender*;**;***

Male 270 
(47.12%)

9550 
(55.25%)

2092 
(38.33%)

7728 
(62.32%)

1914 
(36.54%)

7906 
(62.65%)

9820 
(54.99%)

Female 298 
(52.01%)

7645 
(44.23%)

3303 
(60.52%)

4640 
(37.42%)

3267 
(62.37%)

4676 
(37.05%)

7943 
(44.48%)

Transgender 5 (0.87%) 90 (0.52%) 63 (1.15%) 32 (0.26%) 57 (1.09%) 38 (0.30%) 95 (0.53%)

Education*;**;***

HS or lower 178 
(33.65%)

4511 
(27.64%)

1562 
(29.80%)

3127 
(26.93%)

1481 
(29.60%)

3208 
(27.07%)

4689 
(27.82%)

Associate 252 
(47.64%)

7022 
(43.02%)

2466 
(47.05%)

4808 
(41.41%)

2335 
(46.67%)

4939 
(41.68%)

7274 
(43.16%)

Bachelor or more 99 
(18.71%)

4790 
(29.35%)

1213 
(23.14%)

3676 
(31.66%)

1187 
(23.73%)

3702 
(31.24%)

4889 
(29.01%)

(continued on next page)
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Hispanic white (N = 13,183, 78.33%). The major-
ity had never been diagnosed with potential SRI 
(N = 17,405, 96.77%), depression (N = 12,491, 
69.45%), or anxiety (N = 12,714, 70.69%); the in-
come strata were relatively evenly distributed (Low: 
N = 6279, 40.19%; Middle: N = 4839, 30.97%; 
High: N = 4506, 28.84%). Baseline characteristics 
and average JUUL product use behaviors of par-
ticipants are described in Table 1 (stratified by race/
ethnicity and income levels) and Table 2 (stratified 
by the diagnosis of potential SRI, depression, and 
anxiety).

Although most of the characteristics demonstrat-
ed statistically reliable differences between race/
ethnicity, income, and comorbidity subgroups, 
these differences were small. Whereas smoking his-
tory and JUUL use did not show meaningful dif-
ferences between most subgroups, the proportion 
of non-Hispanic Asian participants planning to 

quit smoking in the next 30 days (29.26%) was 
lower than that of other racial/ethnic subgroups 
(39.91% ~ 49.03%). The subgroup with potential 
SRI showed the most distinct profile, with statis-
tically large differences in the longer duration of 
regular smoking (Cohen’s d = 1.44), age (1.34), 
higher baseline smoking quantity (0.81) and great-
er dependence (0.58) than those without those 
conditions.

Longitudinal trajectories of smoking and JUUL 
use are depicted in Figure 1, stratified by medico-
socio-demographic characteristics. Consistently 
across all subgroups, the proportion of complete 
switching grew throughout the follow-up period, 
while, conversely, the percentage of dual users de-
creased. In most subgroups, switching rates sur-
passed the dual use rates between months 6 and 
9, and the majority had switched completely at 
12 months; the rate of cigarette smoking only re-

Table 2 (continued)
Baseline Characteristics and JUUL Use of the Sample, Stratified by Physical and 

Psychological Comorbidities

Marital status*;**;***

Married 207 
(36.13%)

4749 
(27.71%)

1240 
(22.65%)

3716 
(30.37%)

1259 
(24.01%)

3697 
(29.65%)

4956 
(27.98%)

W/D/S 229 
(39.97%)

2363 
(13.79%)

955 
(17.45%)

1637 
(13.38%)

855 
(16.31%)

1737 
(13.93%)

2592 
(14.63%)

Never married 137 
(23.91%)

10026 
(58.50%)

3279 
(59.90%)

6884 
(56.26%)

3129 
(59.68%)

7034 
(56.42%)

10163 
(57.38%)

Planning to quit smoking in next 30 days 231 
(43.10%)

7125 
(43.32%)

2255 
(43.55%)

5101 
(43.21%)

2209 
(44.49%)

5147 
(42.83%)

7356 
(43.31%)

Smoking frequency*;**;*** 30 (30-30) 30 (18-30) 30 (20-30) 30 (15-30) 30 (20-30) 30 (16-30) 30 (20-30)

Smoking quantity*;**;*** 18 (10-20) 10 (5-15) 10 (5-17) 10 (5-15) 10 (5-16) 10 (5-15) 10 (5-15)

Years smoked regularly*;*** 28 (15-39) 9.5 (4-18) 9 (4-18) 10 (4-19) 9 (4-17) 10 (4-19) 10 (4-18)

Cigarette dependence*;**;*** 3.69 
(3.00-4.38)

3.00 
(2.19-3.87)

3.31 
(2.44-4.06)

2.94 
(2.06-3.75)

3.31 
(2.44-4.12)

2.94 
(2.06-3.75)

3.06 
(2.19-3.88)

Average JUUL use frequency 25 
(17.5-30)

26.25 
(18.33-30)

26.25 
(18.33-30)

26.25 
(18.17-30)

26.67 
(18.8-30)

26.17 
(18-30)

26.25 
(18.33-30)

Average JUUL sessions per day*;**;*** 8.45 
(4.75-15)

8 
(4.4-13.75)

8.17 
(4.5-14)

7.83 
(4.4-13.6)

8.25 
(4.6-14.67)

7.8 
(4.33-13.4)

8 
(4.4-13.75)

* significant difference between those with and without severe physical illness (p < .01)
** significant difference between those with and without depression (p < .01)
*** significant difference between those with and without anxiety (p < .01)
FPL: Federal poverty line, HS: High school, W/D/S: widowed/divorced/separated

Note. 
Statistics represent valid frequency (percentage) for categorical variables and median (interquartile range) for continuous variables. p-values are 
computed from chi-square tests for categorical variables or ANOVA for continuous variables.

Characteristics
Smoking-related illness Depression Anxiety

Total
Yes No Yes No Yes No

N 581 17,405 5495 12,491 5272 12,714 17,986
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Note.
Dual use: use of both JUUL and cigarettes, Switching: no cigarette use (which subsumes 2 behavior patterns: exclusive 
JUUL use (“JUUL-only”) and no use of either JUUL or cigarettes (“No smoking/No JUUL”), both groups shown sepa-
rately and considered part of switching), Smoking: cigarette-only use without JUUL use.
Rates were calculated for each subgroup from the following number of participants at each wave: 13,650 (month 1), 
13,533 (month 2), 13,257 (month 3), 11,621 (month 6), 12,186 (month 9), 11,919 (month 12). 

Figure 1
Trajectories in Switching, Dual-use, and Cigarette-only Use, 12 Months after 

Purchasing the JUUL System
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mained relatively consistent at around 5%. Those 
with potential SRI also demonstrated increased 
switching over time, although the proportion of 
switchers had not yet overtaken the proportion of 
dual users at 12 months.

The results from the GEE models analyzing group 
differences in switching are presented in Table 3. 
In the model addressing sociodemographic factors, 
non-Hispanic black smokers had 13% higher odds 
of completely switching away from cigarettes, com-
pared to the reference group of non-Hispanic white 
smokers. Non-Hispanic Asians had 11% lower 
odds of switching. These effects remained statisti-
cally significant after all adjustments, including ad-
justing for the Asian participants’ lower likelihood 
of being ready to quit at baseline. However, the 
likelihood of switching did not vary across other 
ethnic categories. Higher income was associated 
with 7% higher odds of switching compared to 
smokers in the lowest income level. That effect also 
remained consistent throughout all adjustments. 
The model addressing smoking-related illness dem-

onstrated 12% decreased odds of complete switch-
ing in those with potential SRIs. Depression and 
anxiety also were associated with lower odds of 
switching (16% and 14%, respectively), even after 
adjusting for covariates.

The results based on complete data showed slight-
ly higher (3% ~ 4%) rates of complete switching 
(Supplementary Material 1) than those based on 
all available data, but were overall consistent across 
subgroups. The complete-case data replicated the 
trends over time, based on data on the same people 
over the entire year, which are thus unaffected by 
variations in the sample over time.

DISCUSSION
In this study, we analyzed the trajectories in 

cigarette smoking in a cohort of adult smokers 
who newly purchased a JSK. Analyses of the to-
tal cohort of adult smokers in the ADJUSST study 
showed that rates of switching increased over time 
as dual-use decreased,36,37 and more than half of the 

Table 3
Association between Medico-socio-demographic Characteristics and Complete Switching

Sociodemographics Smoking-related illness Depression Anxiety

Race/ethnicity

White Reference

Black 1.13 (1.01–1.26) 1.13 (1.01–1.25) 1.12 (1.004–1.24) 1.11 (1.0005–1.24)

Asian 0.89 (0.83–0.97) 0.89 (0.83–0.97) 0.87 (0.81–0.94) 0.87 (0.80–0.94)

Hispanic 1.02 (0.96–1.09) 1.02 (0.96–1.09) 1.02 (0.95–1.08) 1.02 (0.95–1.08)

Other/multi 0.99 (0.91–1.08) 0.99 (0.91–1.08) 0.99 (0.91–1.08) 0.99 (0.91–1.08)

Income

< 150% FPL Reference

150–400% FPL 1.03 (0.98–1.07) 1.02 (0.98–1.07) 1.02 (0.97–1.06) 1.02 (0.98–1.06)

> 400% FPL 1.07 (1.02–1.13) 1.07 (1.02–1.13) 1.06 (1.01–1.11) 1.07 (1.02–1.12)

Smoking-related illness
No Reference

Yes 0.88 (0.78–0.998)

Depression
No Reference

Yes 0.84 (0.81–0.88)

Anxiety
No Reference

Yes 0.86 (0.83–0.90)

Note.
Sociodemographics model: Generalized estimating equation (GEE) model on race/ethnicity and income against complete switching across 12 months, 
  adjusted for time and 10 covariates (age, gender, educational attainment, marital status, baseline smoking frequency/quantity, years smoked regularly, 
  baseline cigarette dependence, intention to quit smoking in 30 days, averaged JUUL-use frequency, and quantity across assessments)
Smoking-related illness model: GEE model on smoking-related illness against complete switching across 12 months, adjusted for time, race/ethnicity, 
  income, and 11 covariates
Depression model: GEE model on depression against complete switching across 12 months, adjusted for time, race/ethnicity, income, and 11 covariates
Anxiety model: GEE model on anxiety against complete switching across 12 months, adjusted for time, race/ethnicity, income, and 11 covariates
Statistics represent odds ratios (95% confidence intervals). Boldface indicates statistical significance. Analyses were conducted on 57,314observations 
  from 13,461 participants who provided a non-missing set of covariates.
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baseline smokers had switched away from smok-
ing at 12 months.36 Here, we examined the extent 
to which those patterns and outcomes apply simi-
larly to subpopulations of special interest. During 
the 12 months post-purchase, similar results were 
seen across subgroups of interest, some of which 
are associated with disadvantage. Whereas analyses 
found statistically significant changes in the likeli-
hood of complete switching between certain sub-
groups (ie, increased among those in higher income 
levels than those in the lowest; decreased among 
those with depression, anxiety, or potential SRI 
than those without), those differences were small. 
Close to one-half of smokers had switched away 
from smoking, even among most of the groups 
with lower odds of switching. Additionally, all of 
the subgroups showed the pattern seen in the over-
all ADJUSST smoker cohort: switching increased 
and dual use declined over time.

The subpopulation of smokers with potential 
SRI showed a similar temporal trend as all the 
other groups – with dual use declining and switch-
ing increasing over time – but did not achieve the 
same levels of switching at 12 months. This group 
was notable for being older, heavier, longer-term, 
and more dependent smokers. This is not surpris-
ing, as they were suffering from medical conditions 
that emerge in advanced ages and later stages of 
smoking, which are likely smoking-related.1 Thus, 
this group is comprised of smokers who not only 
had long, extensive smoking histories, but who 
also persisted in smoking or were unable to quit 
even after developing smoking-related diseases,8,9 
and likely being strongly or repeatedly advised to 
quit smoking.58 The analysis adjusted for the basic 
differences in their smoking history, but may not 
have captured other characteristics that may have 
made it difficult for them to stop smoking. In any 
case, although their switching rates were lower than 
other groups, more than one-third of this group 
reported switching at 12 months, and the temporal 
trends suggested continued increases in switching 
and declining rates of dual use. This is consistent 
with findings of Goldenson et al,36 that smokers 
with more extensive smoking histories take longer 
to achieve switching.

We observed a lower switch rate among non-
Hispanic Asian Americans when all time points 
were considered, seemingly due to lower rates at 6 

months (despite an initial steep rise in switching). 
Non-Hispanic Asian smokers are a highly hetero-
geneous group in national origin and acculturation, 
within which subgroups have varying degrees of 
motivation to quit.59,60 In this sample, they showed 
particularly low readiness for smoking cessation. 
However, even with the lower readiness to quit at 
the time of the JSK purchase, switching among non-
Hispanic Asian smokers, albeit delayed, ultimately 
reached the same level as non-Hispanic Whites at 
month 12. This temporal trend suggests that, in the 
long run, Asian Americans may experience similar 
switch rates as Whites and other ethnicities.

Similarly, the decreased odds of complete switch-
ing among those with depression and anxiety are 
not surprising, given the literature on difficulty 
quitting associated with such diagnoses;10-12 how-
ever, their trajectories over the 12-month study 
period were parallel to those of participants with-
out such diagnoses. Smoking is far more prevalent 
among adults with psychiatric conditions, and 
smoking cessation is especially challenging in these 
cohorts.10-12 Many reasons have been proposed 
for this disadvantage;12,61,62 however, both those 
with depression and those with anxiety ultimately 
achieved complete switching rates comparable to 
those without such mental comorbidities, suggest-
ing the potential benefits of ENDS are likely to be 
realized in these subpopulations as well.

Limited past evidence suggested decreased like-
lihood of switching among non-Hispanic Black 
smokers.38-41 In this study, non-Hispanic Black 
smokers achieved higher switching rates at 12 
months than did non-Hispanic White smokers. 
There also have been indications that low-income in-
dividuals might have less success at switching.38,41,42 
In models controlling for other factors, the highest-
income group had slightly higher switching rates, 
especially starting at 6 months; nevertheless, the 
majority of low-income smokers had switched at 
12 months. Low-income individuals suffer many 
disadvantages, including social stressors unrelated 
to smoking, which may make behavior change dif-
ficult.63 The findings of this study indicate most of 
these medico-socio-demographic subgroups con-
sistently achieve switching at a level approaching 
that of the general population of JUUL purchasers.

Although approximately one-half of this cohort 
of smokers had switched at 12 months, others had 
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not, and most of these were engaged in dual use 
of both cigarettes and JUUL. This raises the ques-
tion of how much these dual users were smoking, 
which would inform expectations of their exposure 
to toxicants. Selya et al37 reported that, at month 
12, nearly 60% of dual users had decreased their 
cigarette consumption by at least 50% from their 
baseline levels; their actual reductions in cigarette 
consumption were about 80%. A separate, random-
ized experimental study of such dual use found that, 
50%+ reductions in cigarette consumption was as-
sociated with a reduction in harmful and potential-
ly harmful chemicals by half of what is seen after 
complete abstinence.64

Our findings should be interpreted in the con-
text of several limitations. This sample consisted of 
baseline smokers who purchased the JSK, which 
represents a group of ‘committed’ ENDS users. 
Therefore, the results of this study are likely not 
generalizable to the general population of smokers 
or even to ENDS users as conventionally defined 
by any past-30-day use. As this study did not have 
a control group of smokers who were not using 
JUUL, the results do not warrant causal inferences. 
The analyses focused on the established smokers 
who at baseline reported past-30-day smoking, and 
who also stated they were smoking every day or 
some days at baseline, excluding a substantial co-
hort of established smokers at baseline who also said 
they had smoked in the previous 30 days, but then 
said were now smoking “not at all.” That group had 
higher switching rates,65 indicating that the switch-
ing rates for all past-30-day established smokers are 
higher than those reported here.

The study is based on self-reports. Respondents’ 
smoking status was also based on self-report without 
biochemical verification. This approach is consis-
tent with that in prior studies assessing the trajec-
tory of smoking among ENDS users, which have 
similarly used self-report without biochemical veri-
fication.25,38,42,48-50 The distinction is that in natural-
istic observational survey studies such as this, unlike 
smoking cessation studies, participants are not pro-
vided with treatment, and are not expected or di-
rected to quit smoking, likely leaving less incentive 
for participants to lie about their smoking status.

This analysis also did not account for partici-
pants’ use of non-JUUL brand ENDS. Prakash et 
al65 reported those who were already using ENDS 

at baseline are more likely to report cigarette absti-
nence at month 12. The study also did not assess 
participants’ use of noncigarette tobacco products 
(eg, cigars, smokeless tobacco), whether historically 
or during the study. Such uses could have affected 
participants’ smoking or JUUL use.

A substantial number of baseline participants did 
not complete all follow-up assessments. If those 
missing follow-ups were materially different and 
had a lower likelihood of switching, this could have 
resulted in biasing the reported switch rates up-
wards. However, Shiffman et al46 report that those 
missing who missed some assessments were similar 
to those who completed all of them, limiting the 
prospect of such bias. Nevertheless, the potential ef-
fects of non-response should be considered.

As these analyses were limited to 12 months of 
follow-up; further trajectories should be monitored 
to ensure the long-term continuation of complete 
switching. Lastly, the sociodemographic and medi-
cal disadvantages examined in this study are not 
independent of each other and there may be mul-
tiplicative effects of multiple combined disadvan-
tages.66 These warrant further research.

This study has multiple strengths as well. The 
ADJUSST study provided detailed data on ENDS 
users’ smoking trajectories. As “purchasers,” the par-
ticipants in this study are distinct from “past-month 
ENDS users” who are the usual subjects of ENDS 
analyses. They represent self-motivated JUUL prod-
uct users and real-world ENDS adopters, demon-
strating switching rates much higher than other 
studies.25-28 Furthermore, the ADJUSST study pro-
spectively followed nearly 18,000 eligible baseline 
smokers across 12 months, addressing the limita-
tions raised in the previous literature such as the 
small sample size and the use of cross-sectional data 
or limited number of follow-up assessments. By 
demonstrating consistent switching rates across dif-
ferent medico-socio-demographic subgroups, our 
results indicate that even individuals with sociode-
mographic and medical disadvantages are compara-
bly likely to achieve complete switching away from 
cigarettes to JUUL.

Conclusion
Although ENDS offer a prospect to reduce smok-

ing-related harms among current smokers, the 
potential benefit of ENDS ideally should be dis-
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tributed broadly across subpopulations, especially 
those that have been disproportionately affected 
by cigarettes. In this study, we assessed complete 
switching away from combustible cigarettes among 
baseline smokers of various medico-socio-demo-
graphic characteristics, stratified by race/ethnicity, 
income, potential SRI, depression, and anxiety. 
The findings of these analyses confirm that the 
trajectories of switching observed in the overall 
JUUL users36 remain consistent across the sociode-
mographically- and medically-disadvantaged sub-
groups studied here. As noncombustible nicotine 
products for smokers, ENDS may serve as a po-
tentially reduced risk alternative to cigarettes and 
reduce the smoking-related harms in these histori-
cally challenging populations in smoking cessation.
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SUPPLEMENATARY MATERIALS 1

Rationale of Complete-case Analyses 
This supplement reports analyses based on complete cases; that is, respondents who provided smoking 

relevant data at all 6 follow-up points. Whereas the main analyses with all-available data have the advan-
tage of maximizing the utility of data and capturing the overall trend, conclusions generated from all-
available data may be skewed if the loss to follow-up were systemically related to research-related factors.1 
For example, if persistent smokers consciously chose to drop out from the survey, the rates of switching 
in all-available data may seem higher than the true rate would have been. Although Shiffman et al’s study 
(in this issue) on those who were lost to follow-up demonstrates that missing follow-ups was unrelated 
to individuals’ demographics or smoking profile, and reasons for non-response were mostly unrelated to 
their cigarette or JUUL use, complete-case analyses with those who completed all 6 follow-up surveys were 
conducted to give a picture of the patterns over time with the same group of participants over time.2

Methods
Among 17,986 ADJUSST participants who were eligible for the main analyses, a subsample of 5677 

baseline smokers who provided all 6 follow-up assessments was identified. Those with one or more miss-
ing baseline covariates were excluded for generalized estimating equation (GEE) modeling, yielding 4305 
participants for the analyses. All other analytic details remained the same with the main analyses.

Results
Baseline characteristics and JUUL use of the complete-case subsample (N = 5677) are described in the 

Table S1. The complete-case subsample was extremely comparable to the all-available sample (N = 17,986) 
including their distribution in population-defining characteristics such as race/ethnicity, income, diagnosis 
of potential smoking-related illnesses (SRI), and mental health conditions (depression, anxiety).

The temporal trends of cigarette/JUUL use in the complete-case subsample are depicted in the Figure S1, 
stratified by the medico-socio-demographic characteristics of interest. Results were highly consistent with 
those seen in the main sample reported in the body of the paper. As in the main sample, the switching rates 
progressively increased while dual-use rates declined over the course of 12 months. In most subgroups, the 
crossover between switching and dual-use was observed between months 6 and 9, with more than half of 
the subgroup achieving complete switching at month 12. The proportion of those who reported exclusive 
cigarette smoking was low (~ 5%). Those with potential SRI were the only subgroup whose switching rates 
failed to surpass the dual-use rates and did not reach 50% at month 12. The overall temporal trends were 
highly consistent with those of the main analyses across all subgroups with the 12-month switching rates 
trending 3-4% higher in the complete-case subsample.

Between-group differences in switching from the generalized estimating equation (GEE) models are 
presented in Table S2. Race/ethnicity, income levels, and diagnosis of potential SRI did not predict a 
significant change in the odds of complete switching. Depression and anxiety were associated with lower 
odds of switching among those who have been diagnosed with such mental illness, even after adjusting 
for race/ethnicity, income and 11 covariates described in the main manuscript. Compared to results from 
main analyses, diagnoses of depression and anxiety remained consistent risk factors in achieving complete 
switching, while race/ethnicity, income and SRI were rendered non-significant in the analyses of complete-
case subsample.

Conclusion
Analyses of the complete-case subset of respondents yielded results that were consistent with the main 

analyses using all available data. As in the main analysis, the complete-case subsample demonstrated longi-
tudinal trajectories in which complete switching increases, dual-use decreases, and cigarette-only smoking 
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remains stable. Some effects that were significant in the larger all-available data analysis (lower switch rates 
among non-Hispanic Asians and individuals with potential SRI; higher switch rates among non-Hispanic 
Blacks and those in the highest income group) were not statistically significant in the complete-case analy-
sis. Notwithstanding these minor differences that may have originated from a smaller sample size, these 
analyses in the complete-case subsample demonstrated highly parallel results observed in main analyses 
with the all-available sample. ADJUSST participants’ varying loss to follow-up had minimal effects on the 
temporal trends across all medico-socio-demographic subgroups, suggesting the robustness of the analyses.

Table S1
Baseline Characteristics and JUUL Use of the Complete-case Subsample, 

Compared to All-available Sample
Characteristics Complete-case subsample

N 5677

Race/Ethnicity

White 4162 (78.47%)
Black 175 (3.30%)
Asian 284 (5.35%)
Hispanic 441 (8.31%)
Other/multi 242 (4.56%)

Income
< 150% FPL 2073 (41.58%)
150%-400% FPL 1580 (31.70%)
> 400% FPL 1332 (26.72%)

Smoking-related illness - Yes 175 (3.08%)
Depression - Yes 1762 (31.04%)
Anxiety - Yes 1720 (30.30%)
Age 30 (25 – 38)

Gender
Male 2995 (53.14%)
Female 2615 (46.40%)
Transgender 26 (0.46%)

Education
HS or lower 1534 (28.69%)
Associate 2314 (43.28%)
Bachelor or more 1499 (28.03%)

Marital status
Married 1711 (30.50%)
W/D/S 837 (14.92%)
Never married 3061 (54.57%)

Planning to quit smoking in next 30 days 2359 (44.03%)
Smoking frequency 30 (20 – 30)
Smoking quantity 10 (5 – 17)
Years smoked regularly 10 (5 – 19)
Cigarette dependence 3.12 (2.25 – 3.94)
Average JUUL use frequency 26.33 (18.83 – 30)
Average JUUL sessions 8.33 (4.83 – 13.5)

Note.
FPL: Federal poverty line, HS: High school, W/D/S: widowed/divorced/separated
Statistics represent valid frequency (percentage) for categorical variables and median (interquartile range) for 
  continuous variables.
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Figure S1
Trajectories in Switching, Dual-use, and Cigarette-only Use, 12 Months after Purchasing the 

JUUL System, Complete-case Subsample (N = 5677)
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Table S2
Association between Medico-socio-demographic Characteristics and Complete Switching: 

Complete-case Analyses

Sociodemographics Smoking-related 
illness Depression Anxiety

Race/
ethnicity

White Reference
Black 1.06 (0.80 – 1.41) 1.06 (0.80 – 1.40) 1.05 (0.79 – 1.40) 1.04 (0.79 – 1.38)
Asian 0.86 (0.70 – 1.07) 0.86 (0.70 – 1.07) 0.85 (0.68 – 1.06) 0.84 (0.67 – 1.04)
Hispanic 1.06 (0.90 – 1.26) 1.06 (0.90 – 1.26) 1.06 (0.90 – 1.25) 1.06 (0.89 – 1.25)
Other/multi 1.02 (0.82 – 1.27) 1.02 (0.81 – 1.27) 1.03 (0.82 – 1.28) 1.03 (0.82 – 1.28)

Income
< 150% FPL Reference
150–400% FPL 1.01 (0.90 – 1.13) 1.01 (0.90 – 1.13) 1.00 (0.90 – 1.12) 1.00 (0.90 – 1.13)
> 400% FPL 1.10 (0.97 – 1.25) 1.10 (0.97 – 1.25) 1.09 (0.96 – 1.24) 1.10 (0.96 – 1.25)

Smoking-
related 
illness

No Reference

Yes 0.82 (0.58 – 1.16)

Depression
No Reference
Yes 0.89 (0.81 – 0.99)

Anxiety
No Reference
Yes 0.84 (0.76 – 0.94)

Note.
Sociodemographics model: Generalized estimating equation (GEE) model on race/ethnicity and income against complete 
  switching across 12 months, adjusted for time and 11 covariates (age, gender, educational attainment, marital status, 
  planning to quit smoking in next 30 days, baseline smoking frequency/quantity, years smoked regularly, baseline 
  cigarette dependence, averaged JUUL-use frequency, and quantity across waves)
Smoking-related illness model: GEE model on smoking-related illness against complete switching across 12 months, 
  adjusted for time, race/ethnicity, income, and 11 covariates
Depression model: GEE model on depression against complete switching across 12 months, adjusted for time, race/
  ethnicity, income, and 11 covariates
Anxiety model: GEE model on anxiety against complete switching across 12 months, adjusted for time, race/ethnicity, 
  income, and 11 covariates
Statistics represent odds ratios (95% confidence intervals). Boldface indicates statistical significance. Analyses were 
  conducted on 25,830 observations from 4305 participants who provided a non-missing set of covariates.
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SUPPLEMENTARY MATERIALS 2

Definition of Income Strata
As is often done for economic analyses, income strata were defined based in their relation to the US fed-

eral poverty level (FPL),1 which defines the poverty threshold based on household income and household 
size. Specifically, using the household size (reported in 7 levels, ranging from one-person to more than 
6 people), household income (collected in 10 levels, ranging from less than < $10,000 to $200,000 or 
more) was recoded into 3 levels: an income of less than 150% of FPL (at their respective household size), 
between 150% and 400%, and greater than 400%. In cases where the household size was not reported, 
the number of people in the household was imputed based on the participant’s age, following the Census 
Bureau’s report on the average size of the household by age.2 Because the household income was collected 
in categories that do not exactly correspond to the FPL or its derivatives, classification was undertaken 
using the closest bracket of the reported household income. Principles of assignment are summarized in 
the Table S3.

Table S3
Principles of Reassigning Household Income to Levels Stratified by Income-to-poverty Ratio

HH size 
Federal 
Poverty 
Level 

Rounded cutoff Assignment 

150% 400% Less than 150% 150%-400% More than 400% 

1 $12,060 $18,000 $48,000 Less than $25,000 Between $25,000 and $49,999 More than $50,000

2 $16,240 $24,000 $65,000 Less than $25,000 Between $25,000 and $75,000 More than $75,000

3 $20,420 $31,000 $82,000 Less than $50,000 Between $50,000 and $75,000 More than $75,000

4 $24,600 $37,000 $98,000 Less than $50,000 Between $50,000 and $75,000 More than $75,000

5 $28,780 $43,000 $115,000 Less than $75,000 Between $75,000 and $100,000 More than $100,000

6+ $37,140 $56,000 $149,000 Less than $75,000 Between $75,000 and $150,000 More than $150,000

Note.
HH: Household

References
 1. US Department of Health Human Services. HHS Poverty Guidelines for 2017. https://liheapch.acf.hhs.gov/news/july16/

FPG.mhtm#:~:text=HHS%20Releases%20Notice%20Concerning%202017%20Federal%20Poverty%20Guidelines,%20
%20$36,450%20%204%20more%20rows. Published July 16, 2016. Accessed March 7, 2021.

 2. United States Census Bureau. America’s Families and Living Arrangements: 2016. Table AVG3. Average Number Of People 
Per Family Household With Own Children Under 18, By Race And Hispanic Origin, Marital Status, Age, And Education 
Of Householder: 2016 Web site. https://www.census.gov/data/tables/2016/demo/families/cps-2016.html. Published May 
4, 2018. Accessed March 7, 2021.
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Substantial declines in the prevalence of ciga-
rette smoking over the past 2 decades have 
resulted in a large and growing population of 

former smokers.1 In the United States (US), former 
smokers now outnumber current smokers.2 Main-
taining abstinence from smoking in this population 
is critical for public health. The process of quitting 
and maintaining continuous smoking abstinence is 
challenging for many former smokers, and the risk 
of relapse to cigarette smoking is high.3-5

The greatest risk of smoking relapse is within 

the first 12 months of a quit attempt and declines 
over time;6-8 over 90% of smokers relapse within 
the first year, while those who maintain abstinence 
have an approximately 10% risk of relapse there-
after.6,9,10 Some former smokers continue to expe-
rience cravings for years after quitting.11 Previous 
research in clinical and general populations of for-
mer smokers have identified multiple risk factors 
for relapse: (1) sociodemographic factors such as 
low socioeconomic status,12 younger age, single 
marital status;4,7,13 (2) physical and mental health 
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Objective: In this study, we assessed cigarette smoking over 12 months among adult former 
smokers who newly purchased a JUUL Starter Kit (JSK). Methods: Prevalence of past 30-day 
smoking and factors associated with smoking were assessed among adult (age ≥ 21) former 
established smokers, stratified as recent (quitting ≤ 12 months) and long-term quitters (> 12 
months), who purchased a JSK and completed ≥ 1 of 6 follow-up assessments (N = 4786). Re-
sults: Recent quitters had higher rates (16.6%-19.9%) of past 30-day smoking than long-term 
quitters (6.4%-9.2%) across the 12-month period; smoking prevalence did not significantly in-
crease over time in either subgroup. Few participants (6.5% of recent quitters, 2.8% of long-term 
quitters) reported smoking at both 9 and 12 months, a pattern that might indicate persistent 
smoking. Past 30-day JUUL use remained high (≥ 87%) across the 12 months. Participants who 
used JUUL more frequently were less likely to smoke. Conclusions: Among former smokers who 
purchased JUUL, prevalence rates of smoking were low and stable across the 12-month period, 
suggesting there was not a growing cohort of former smokers resuming smoking. Smoking was 
more common in recent quitters than long-term quitters. Greater use of JUUL was associated 
with reduced odds of smoking resumption.
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factors including higher body mass index,14 anxi-
ety, depression;15,16 and (3) smoking characteris-
tics including higher nicotine dependence,17-19 and 
shorter duration of abstinence.7,10,13,20

Nicotine is the primary psychoactive constitu-
ent that maintains addiction to tobacco products;21 
although nicotine is not benign,22 the adverse 
health consequences of cigarettes are overwhelm-
ingly attributable to exposure to the combustion 
of tobacco and its byproducts,1 rather than nico-
tine itself.21 Use of electronic nicotine delivery sys-
tems (ENDS) among adults has increased in recent 
years, including among former smokers,23,24 and 
there is concern that ENDS may increase risk of 
relapse in former smokers. Conversely, recent quit-
ters who are struggling to maintain abstinence may 
use ENDS to avoid resuming smoking. Among 
the few studies that have been conducted, findings 
have been mixed.

Several studies have found lower rates of resump-
tion of smoking in former smokers who use ENDS, 
suggesting a potential benefit of ENDS use in mit-
igating smoking resumption.25-30 Others show an 
increased resumption risk31-33 or no association.34 
In an analysis of Waves 1 and 2 of the Population 
Assessment of Tobacco and Health (PATH) survey, 
which collected data from 2013-2015, daily ENDS 
users had higher odds of stopping smoking com-
pared with never ENDS users; however, ENDS 
users also had higher risk of smoking resumption 
compared with never-users.35 In another nationally 
representative survey in the US (National Health 
Interview Survey), daily ENDS users (vs ENDS 
never-users) also were more likely to stop smoking, 
and ENDS users who used ENDS more frequently 
were more likely to have stopped smoking.30

The JUUL System (henceforth, “JUUL”), a 
closed-system ENDS with nicotine-salt formula-
tion, is a widely-used brand of ENDS in the US.36 
Prevalence data reported in this journal issue dem-
onstrate that use of JUUL among former smok-
ers is generally low, although far more prevalent 
among recent quitters (5%) than among longer-
term quitters (0.7%).37 Smokers who recently quit 
and who are at risk for smoking resumption may 
potentially benefit from using ENDS, if it helps 
divert them from smoking. Hence, assessing use of 
JUUL among former smokers can elucidate rates of 
subsequent smoking, recognizing that some smok-

ing is expected in this population at risk for relapse, 
particularly among those who have stopped smok-
ing more recently. The current analysis of the Adult 
JUUL Switching and Smoking Trajectories (AD-
JUSST) Study evaluated trajectories of cigarette 
smoking (ie, point prevalence of past 30-day smok-
ing) at 6 follow-up assessments over a 12-month 
period (1, 2, 3, 6, 9, and 12 months) among for-
mer smokers (both recent and longer-term quit-
ters) who purchased a JUUL Starter Kit (JSK).

This study extends the literature in several ways: 
it focuses on a single and widely-used ENDS prod-
uct (ie, JUUL); as ENDS are a diverse range of 
products with large variations in design and nico-
tine delivery, this avoids the heterogeneity involved 
in analyses of ENDS as a category.38 The cohort in 
this study was defined by an initial purchase of a 
JSK, which implies a substantial engagement with 
the product, in contrast to studies that have identi-
fied ENDS users on the basis of any use in the pre-
vious 30 days, which can include casual or isolated 
occasions of use. The study also includes recently-
collected data, multiple data-points over a one-year 
period, and data to characterize the quantity and 
frequency of smoking reported among the former 
smokers, which provides greater detail and granu-
larity than previous studies.31-34 In addition to as-
sessing and quantifying smoking at each individual 
follow-up, analyses assessed smoking at both the 9- 
and 12-month follow-ups, which was considered 
a potential indicator of sustained smoking at the 
end of the observation period. Additionally, analy-
ses assessed associations of amount and frequency 
of JUUL use and other sample characteristics and 
resumption of cigarette smoking.

METHODS
Participants and Procedures

Data were from the ADJUSST Study, a longitu-
dinal observational cohort study of US adults who 
newly purchased a JSK in 2018. Additional details 
describing the overall study methodology are pro-
vided in Shiffman et al.39 Participants were adult 
(aged ≥ 21 years) US permanent residents who were 
recruited following their initial purchase of a JSK 
(within the past 7 days of baseline) either at a retail 
store (via recruitment card in packaging) or online 
from the manufacturer’s ecommerce platform (via 
post-purchase recruitment email). Individuals were 
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excluded if they were employed by or related to an 
employee of Juul Labs Inc or PAX Labs Inc.

Former established smokers (FES) were defined 
as individuals who, at baseline, had smoked ≥ 100 
cigarettes in their lifetime and had not smoked in 
the past 30 days, even one or 2 puffs. At baseline, 
there were 6086 FES, of whom 4818 (79.2% of 
baseline) completed at least one of 6 online follow-
up assessments post-baseline; 1599 FES (26.3%) 
completed all 6 follow-ups. FES were stratified 
into 2 subgroups, Recent FES (“Recent Quitters”) 
and Long-term FES (“Long-term Quitters”) based 
on the question “When did you completely quit 
smoking cigarettes?” (“Within past 12 months” vs 
“More than 12 months ago”). Participants (N = 32) 
who were missing data on this item were excluded. 
Thus, the final analytic sample included 4786 FES, 
of whom 47.2% (N = 2260) were recent quitters 
and 52.8% (N = 2526) were long-term quitters. 
Supplemental Figure S1 displays the flow chart for 
defining the analytic sample.

Analyses focused on loss to follow-up reported in 
this journal issue showed that baseline differences 
between those with no follow-up data, complete 
follow-up data, and partial follow-up data were 
extremely small (R2s  ≤ .002).39 Among the 3219 
(52.9%) who provided partial data, 71.7% com-
pleted the majority of the follow-ups. Only 22.0% 
showed patterns indicating discontinuation, ie, 
completing follow-ups, but then dropping from 
the study and completing no subsequent follow-
ups; a strong majority (78.0%) missed follow-ups 
then returned at subsequent follow-ups, and 81.5% 
completed at least one of the follow-ups in the sec-
ond half of the year, at or after 6 months. Patterns 
were similar for recent and long-term quitters.

Measures
Cigarettes smoking outcomes. Past 30-day Smok-

ing Status: The primary outcome of this study, past 
30-day smoking, was assessed at baseline and at 
each follow-up survey with the question: “In the 
past 30 days, have you smoked a cigarette, even one 
or 2 puffs?” (yes/no). Neither history nor current 
use of noncigarette tobacco products other than 
ENDS (eg, cigars, hookah, smokeless tobacco) was 
assessed in this study.

Participants who responded “yes” to past 30-day 
smoking at follow-up assessments were then asked 

about their current smoking status: “Do you now 
smoke cigarettes…” (not at all/some days/every 
day). FES who reported past 30-day smoking but 
currently smoking “not at all” were considered to 
have smoked (contrary to other published studies)40 
but evaluated separately, as they were not asked to 
report past 30-day frequency (days/month) or daily 
quantity (cigarettes/day) of smoking. Data from 
the PATH survey demonstrate that year-ago ex-
smokers with this pattern of responses (ie, past 30-
day smokers who now smoke “not at all”) report 
light and intermittent smoking (Supplementary 
Results and Supplemental Table S1); thus, their 
exclusion from estimates of cigarette consumption 
likely increase these estimates.

Frequency of days smoked and daily quantity of 
cigarettes. At baseline, former smokers were asked 
to report the average number of cigarettes they 
used to smoke per day when they were smoking 
fairly regularly. At each follow-up assessment, par-
ticipants who reported smoking in the past 30 days 
and smoking every day or some days were asked to 
report the number of days in the past 30 that they 
smoked, and the number of cigarettes smoked, on 
average, on those days. The average number of cig-
arettes per day (CPD) was computed as ([number 
of days smoked per month × number of cigarettes 
smoked on days smoked] / 30 days).

JUUL use measures. Past 30-day JUUL Use Sta-
tus: In a manner parallel to assessment of smoking, 
at each follow-up assessment, participants were 
asked: “Have you used a JUUL in the past 30 days, 
even one or two puffs?” Those who reported past 
30-day JUUL use, were then asked: “Do you now 
use a JUUL…” (every day/some days/not at all). 
Those who responded “not at all” were not asked 
about frequency or quantity of JUUL use. The oth-
ers were asked to report the number of days on the 
past 30 they had used JUUL, and the number of 
uses per day on those days (“On average, on those 
days you used a JUUL, how many times did you 
usually use a JUUL each day? Assume that one 
‘time’ consists of around 15 puffs, or 10 minutes.”). 
Participants who reported no past 30-day use of 
JUUL were assigned values of zero for frequency 
and quantity of use.

Baseline sociodemographics and smoking histo-
ry. Baseline variables included in this analysis were 
selected based on the literature as potential risk 
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factors or confounders in the relationship between 
ENDS use and smoking relapse in former smok-
ers.31,33 Smoking history characteristics assessed 
at baseline included smoking history before quit-
ting (number of cigarettes per day before quitting, 

number of years smoked regularly before quitting), 
age first smoked regularly before quitting, time 
since quit smoking (recent vs long-term quitters), 
and smoking mentholated (vs nonmentholated) 
cigarettes as a regular brand before quitting.

Table 1
Baseline Sociodemographic and Smoking History Characteristics of Recent 

versus Long-term Quitters

Recent Quittera

% or Mean (SD)

Long-Term 
Quitterb

% or Mean (SD)

Totalc

% or Mean (SD)
Test of 

Differenced

N = 2260 N = 2526 N = 4786 (p-value)

Sociodemographic Characteristics
Age in Years (N = 2260) (N = 2526) (N = 4786)

< .001
   Mean (SD) 28.81 (9.67) 35.45 (11.72) 32.31 (11.29)
Age Category (%) (N = 2260) (N = 2526) (N = 4786)

< .001
   21 to 24 47.96 17.81 32.05
   25 to 29 20.22 19.64 19.91
   30 to 39 18.14 32.34 25.64
   40 or older 13.67 30.21 22.40
Sex (%) (N = 2247) (N = 2500) (N = 4747)

.069
   Male 63.95 64.40 64.19
   Female 35.29 35.32 35.31
   Transgender 0.76 0.28 0.51
Race/Ethnicity (%) (N = 2096) (N = 2337) (N = 4433)

< .001

   Non-Hispanic White 76.43 82.76 79.77
   Non-Hispanic Black 3.01 1.93 2.44
   Non-Hispanic Asiane 4.77 4.32 4.53
   Non-Hispanic Otherf 5.20 3.85 4.49
   Hispanic Ethnicity 10.59 7.15 8.78
Marital Status (%) (N = 2212) (N = 2482) (N = 4694)

< .001
   Married 21.88 42.99 33.04
   Divorced, Separated or Widowed 9.45 12.45 11.04
   Never Married 68.67 44.56 55.92
Education (%) (N = 2057) (N = 2359) (N = 4416)

< .001
   High school graduate or less education 31.26 19.58 25.02
   Some college or associate degree 43.32 42.39 42.82
   Bachelor’s degree or more education 25.43 38.02 32.16
Annual Household Income (%) (N = 1881) (N = 2123) (N = 4004)

< .001
   Less than $50,000 55.50 37.64 46.03
   $50,000-$100,000 27.75 33.68 30.89
   Greater than $100,000 16.75 28.69 23.08

(continued on next page)
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Data Analysis
The proportion of respondents who reported 

smoking at both the 9- and 12-month assessments 
was calculated, as it may be suggestive of persistent 
smoking approaching the end of the 12-month ob-
servation period.

Repeated-measure logistic regression models 
(generalized estimating equations [GEE]) assessed 
the associations of baseline sociodemographics, 
baseline smoking history, and time-varying JUUL 
use characteristics with past 30-day smoking over 
all non-missing follow-up observations. Regressors 
were first tested in individual (univariate) mod-
els, and then in a single fully-adjusted model that 
included all regressors. All models included time 

(continuous; months from baseline); both lin-
ear and quadratic terms were applied to evaluate 
change over time. GEE models allow for multiple 
observations per person, and for individuals to vary 
in the number of observations.41 Odds ratios and 
95% confidence intervals were computed using a 
2-tailed alpha of .05. To test if associations of re-
gressors and switching differed by FES status (Re-
cent vs Long-term Quitters), an additional model 
was tested that included interaction terms for each 
regressor by FES status.

Additional analyses were conducted among FES 
who provided valid smoking data at all 6 follow-up 
assessments (referred to as a complete case analysis; 
N = 1589) to assess sustained smoking patterns. The 

Smoking History Characteristics
Number of Cigarettes per Day before 
Stopping Smoking (N = 2149) (N = 2414) (N = 4563)

< .001
   Mean (SD) 11.46 (8.37) 13.03 (9.64) 12.29 (9.10)
Months Since Stopped Smoking (N = 2251) (N = 2519) (N = 4770)

< .001
   Mean (SD) 4.28 (3.37) 64.06 (68.07) 35.85 (57.81)
Years Smoked Regularly before Stopping (N = 2162) (N = 2454) (N = 4616)

< .001
   Mean (SD) 7.82 (8.89) 10.52 (9.96) 9.26 (9.57)
Age First Smoked Regularly before Stopping (N = 1992) (N = 2203) (N = 4195)

.009
   Mean (SD) 18.17 (3.20) 17.90 (3.40) 18.03 (3.31)
Regular Brands of Cigarettes

< .001
   Cigarettes Smoked Regularly before Stopping 
   were Menthol (N = 1767) (N = 1954) (N = 3721)

   % 44.14 36.69 40.23

Note. 
Abbreviations: SD, Standard Deviation
Sample sizes for individual variables may be less than column heads due to missing data.
a Recent Quitters had stopped from smoking within the last 12 months at baseline.
b Long-term Quitters had stopped from smoking 12 or more months ago at baseline.
c Total included Recent (N = 2260) and Long-term (N = 2526) Quitters who provided valid (non-missing) data.
d ANOVA was conducted to obtain p-values for continuous variables and chi-square tests were conducted to obtain 
  p-values for categorical variables. 
e Non-Hispanic Asian included: Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, or Other Asian
f Non-Hispanic Other Race included: American Indian or Alaskan Native, Native Hawaiian, Guamanian or Chamorro, 
  Samoan, or Other Pacific Islander (or 2 or more races)

Table 1 (continued)
Baseline Sociodemographic and Smoking History Characteristics of Recent 

versus Long-term Quitters

Recent Quittera

% or Mean (SD)

Long-Term 
Quitterb

% or Mean (SD)

Totalc

% or Mean (SD)
Test of 

Differenced

N = 2260 N = 2526 N = 4786 (p-value)
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complete-case analyses provide additional insights 
into patterns of smoking behavior over multiple as-
sessments by requiring the maximum the number 
of observations for each individual, allowing for 
counting the number of follow-ups at which smok-
ing is reported, and tracking of trends over time in 
the same respondents. All statistical analyses were 
conducted using SAS® Version 9.4 (Cary, NC).

RESULTS
Sample Characteristics

In the overall analytic sample (N = 4786), par-
ticipants were, on average, 32.31 years of age 
(SD = 11.29). The majority reported being male 
(64.2%), non-Hispanic white (79.8%) and having 
never been married (55.9%); the largest proportion 
reported attending some college (42.8%) with an-

Table 2
Association of Sociodemographic, Smoking Characteristics and JUUL Use with Resumption 

of Smoking over the 12-month Period
Regressors Univariate Models

OR (95% CI)
Fully Adjusted Model

OR (95% CI)a
Sociodemographic Characteristics

Age Category
   21 to 24 Ref Ref
   25 to 29 0.71 (0.58, 0.87)** 0.88 (0.71, 1.10)
   30 to 39 0.48 (0.39, 0.59)*** 0.73 (0.56, 0.96)*
   40 or older 0.42 (0.33, 0.53)*** 0.59 (0.39, 0.90)*
Sex
   Male Ref Ref
   Female 1.07 (0.91, 1.26) 1.13 (0.96, 1.34)
   Transgender 1.68 (0.69, 4.09) 1.04 (0.45, 2.40)
Race/Ethnicity
   Non-Hispanic White Ref Ref
   Non-Hispanic Black 1.59 (0.97, 2.59) 1.31 (0.80, 2.14)
   Non-Hispanic Asian 1.49 (1.05, 2.13)* 1.35 (0.93, 1.97)
   Non-Hispanic Other 1.49 (1.05, 2.10)* 1.29 (0.91, 1.84)
   Hispanic Ethnicity 1.49 (1.15, 1.94)** 1.22 (0.94, 1.58)
Marital Status
   Married Ref Ref
   Divorced, Separated or Widowed 1.06 (0.77, 1.46) 0.98 (0.70, 1.37)
   Never Married 2.02 (1.69, 2.43)*** 1.41 (1.14, 1.75)**
Education
   High School Graduate or Less Education Ref Ref
   Some College or Associate Degree 1.03 (0.85, 1.25) 1.11 (0.91, 1.35)
   Bachelor’s Degree or More Education 0.81 (0.65, 1.01) 0.92 (0.73, 1.17)

Smoking Characteristics at Baseline
Regular Brands of Cigarettes Smoked before 
Quitting were Menthol Cigarettes
   No Ref Ref
   Yes 1.01 (0.87, 1.19) 0.84 (0.72, 0.99)*

(continued on next page)
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nual household income of less than USD 50,000 
(46.0%; Table 1). The overall sample of FES, on av-
erage, smoked regularly for 9.26 years (SD = 9.57), 
started smoking regularly at age 18.03 (SD = 3.31), 
smoked 12.29 cigarettes per day (SD = 9.10) be-
fore quitting smoking and last smoked an average 
of 35.85 months ago (SD = 57.81). Approximately 
40% of FES who used to have a regular brand of 
cigarettes reported that they smoked mentholated 
cigarettes when they were smoking (Table 1).

With the exception of sex, there were statisti-
cally significant differences between recent and 
long-term quitters in all sociodemographic char-
acteristics (ps < .001; Table 1). On average, recent 
(vs long-term) quitters were significantly younger 
and more likely to have never married. Greater 
proportions of long-term (vs recent) quitters were 
non-Hispanic white, completed at least some col-
lege, and reported USD 50,000 or more in annual 
household income.

Recent and long-term quitters also differed sig-
nificantly in all smoking history characteristics (ps 
< .01; Table 1). Before quitting smoking, long-
term quitters, compared to recent quitters, on 
average, smoked more cigarettes per day, smoked 
regularly for more years, started smoking regularly 
at a younger age, and a smaller proportion smoked 
mentholated cigarettes.

Predictors of Resumption of Smoking
Table 2 displays unadjusted and adjusted asso-

ciations of sociodemographic, smoking history, 
and JUUL use characteristics across follow-up with 
smoking across the 12-month period. In univariate 
models, nearly all baseline sociodemographic and 
smoking history characteristics and time-varying 
JUUL use characteristics were significantly associ-
ated with resumption of smoking. After adjusting 
for all covariates, marital status and age were the 

Former Established Smoker Subtype
   Long-term Quitter Ref Ref
   Recent Quitter 2.83 (2.41, 3.33)*** 2.44 (2.05, 2.90)***
   No. Cigarettes Smoked per Day before Quitting 0.97 (0.96, 0.98)*** 0.98 (0.97, 0.9963)*
   Years Smoked Regularly Before Quitting 0.98 (0.97, 0.99)*** 1.02 (1.0012, 1.03)*
   Age First Smoked Regularly Before Quitting 1.03 (1.01, 1.05)** 1.03 (1.01, 1.06)*
Time-varying Effects
   No. Days Used JUUL in Past 30 Daysb 0.983 (0.978, 0.989)*** 0.982 (0.976, 0.988)***
   No. Times Used JUUL per Dayb 0.994 (0.989, 0.999)* 0.9979 (0.9929, 1.0029)
   Time effect, months (linear)c 1.02 (1.003, 1.03)*** 1.01 (0.99, 1.02)

Note. 
Fully adjusted model: N = 2923 participants, 12,275 observations. Participants with missing covariates were excluded.
Any past 30-day smoking outcome defined as reporting past 30-day smoking at any of the 6 follow-up assessments.
a Adjusted for baseline sociodemographic (age, sex, race/ethnicity, marital status and education), JUUL System use 
  frequency and quantity, and baseline smoking characteristics.
b Time-varying covariate.
c Time was coded as a continuous variable, in months. A quadratic time term was non-significant (p = .29) when tested 
  in a separate model.
* parameter estimates significant with p < .05
** parameters significant with p < .01
*** parameters significant with p < .001

Table 2 (continued)
Association of Sociodemographic, Smoking Characteristics and JUUL Use with Resumption 

of Smoking over the 12-month Period

Regressors Univariate Models
OR (95% CI)

Fully Adjusted Model
OR (95% CI)a

Smoking Characteristics at Baseline
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only significant sociodemographic predictors; nev-
er-married participants were more likely to smoke 
than married participants, and those over 30 were 
less likely to smoke than 21-24-year-olds. Among 
the smoking-history variables, those who started 
smoking at a later age, who smoked more heav-
ily and for longer were more likely to smoke, and 
those smoking menthol were less likely.

After adjustment for all other variables, recent 
quitters had more than double the odds of smok-
ing than did long-term quitters (OR = 2.44, 95% 
CI: 2.05-2.90). The number of days participants 

used JUUL in the 30 days preceding the assessment 
was significantly associated with reduced odds of 
smoking resumption (OR = 0.98, 95% CI: 0.976-
0.988): for each one-day increase in frequency of 
JUUL use, odds of smoking resumption decreased 
by 2%. The adjusted model indicated that the risk 
of smoking did not increase over time. Associations 
in the complete case sample were consistent with 
these results (Supplemental Table S2). 

With the exception of the cigarettes smoked per 
day when smoking × FES status interaction term (p 
= .01), no regressor × FES status interaction terms 

Table 3
Smoking Outcomes at Each Follow-up Assessment, Stratified by Recent and 

Long-term Quittersa

Follow-Up 
Assessment

Past 30-Day 
Smokingd

%

Proportion of 
P30D

Now Smoking
Not at Alle,f

%

Proportion  of 
P30D Now 

Smoking Every or 
Some Dayse,g

%

Cigarette Consumption in Those 
Smoking Every Day or Some Daysh

No. Days Smoked
in P30Di

Mean (SD) 

CPD in P30Dj

Mean (SD)

Recent Quitterb

Month 1
16.59 52.42 47.58 7.19 (7.24) 1.15 (2.49)

N = 1688 N = 269 N = 269 N = 127 N = 127

Month 2
18.10 45.26 54.74 7.91 (7.93) 1.32 (2.57)

N = 1685 N = 285 N = 285 N = 153 N = 151

Month 3
17.69 41.81 58.19 9.15 (8.82) 1.98 (5.46)

N = 1679 N = 287 N = 287 N = 166 N = 164

Month 6
16.89 41.10 58.90 10.01 (9.75) 2.25 (4.23)

N = 1474 N = 236 N = 236 N = 139 N = 137

Month 9
19.33 45.23 54.77 11.06 (10.08) 2.00 (3.72)

N = 1526 N = 283 N = 283 N = 154 N = 152

Month 12
19.91 38.83 61.17 11.32 (9.78) 2.81 (5.83)

N = 1517 N = 291 N = 291 N = 178 N = 178

Long-term Quitterc

Month 1
7.04 57.35 42.65 10.24 (9.82) 2.03 (3.27)

N = 1988 N = 136 N = 136 N = 58 N = 58

Month 2
6.40 50.85 49.15 9.47 (9.14) 1.95 (3.10)

N = 1923 N = 118 N = 118 N = 58 N = 58

Month 3
7.04 51.49 48.51 8.38 (8.34) 1.69 (3.10)

N = 1931 N = 134 N = 134 N = 65 N = 65

(continued on next page)
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were significant (ps > .11). A subsequent model 
stratified by smoking status (recent vs long-term 
quitters) indicated only a small difference in the as-
sociation of cigarettes smoked per day and smoking 
across follow-up (OR = 0.98 vs OR = 0.97). These 
results indicate that except for quantity of smok-
ing associations of sociodemographic, smoking and 
JUUL use characteristics and switching did not sig-
nificantly differ by FES status.

Cigarette Smoking across the Follow-up Period
Overall, 29.6% of FES reported past 30-day 

smoking at ≥1 follow-up assessment during the 

12-month period: 39.8% of recent quitters and 
20.5% of long-term quitters. The prevalence of 
sustained smoking resumption, defined as report-
ing past 30-day smoking at both 9- and 12-month 
follow-ups, was 6.5% in recent quitters and 2.8% 
in long-term quitters.

Among recent quitters, the prevalence of past 
30-day smoking ranged from 16.6% to 19.9% 
across the follow-up period (Table 3). Among re-
cent quitters who reported smoking in the past 
30 days, 38.8% to 52.4% (across follow-ups) re-
ported they did not currently smoke (ie, reported 
now smoking “not at all”). Recent quitters who re-

Month 6
8.41 53.19 46.81 10.41 (9.54) 1.68 (2.40)

N = 1725 N = 141 N = 141 N = 66 N = 66

Month 9
9.21 50.32 49.68 11.45 (10.59) 2.78 (7.22)

N = 1759 N = 155 N = 155 N = 76 N = 76

Month 12
9.12 41.94 58.06 9.68 (10.17) 1.92 (3.50)

N = 1733 N = 155 N = 155 N = 90 N = 90

Note.
Abbreviations: P30D, Past 30-Day; SD, Standard Deviation; CPD, Cigarettes Per Day
Ns shown represent the available Ns for the specified survey item, and varied for particular measures because of 
missing data.
a Sample included all who provided past 30-day smoking data at the relevant follow-up assessment.
b Recent Quitters had stopped from smoking within the last 12 months at baseline.
c Long-term Quitters had stopped from smoking 12 or more months ago at baseline.
d % of participants who responded “yes” to “In the past 30 days, have you smoked a cigarette, even one or two puffs?”
e Those who responded “yes” to “In the past 30 days, have you smoked a cigarette, even one or two puffs?” were asked 
  “Do you now smoke cigarettes…Every day/Some days/Not at all.” Total Ns may not add up to P30D count due to 
  missing data.
f % of past 30-day smokers who responded “Not at all” to “Do you now smoke cigarettes …”. 
g % of past 30-day smokers who responded “Every day” or “Some days” to “Do you now smoke cigarettes …”
h Those who indicated now smoking “Not at all” were not asked how many days they had smoked or how many 
  cigarettes they had smoked on those days. Thus the data on days smoked and cigarettes per day are from the subset 
  who indicated they were now smoking “Every day” or “Some days,” and provided valid (non-missing) data. 
i # days smoked in past 30 days = “On how many of the past 30 days did you smoke cigarettes?” Total Ns may not 
  add up to “Every Day/Some Days” count due to missing data.
j CPD in past 30 days = “On average, on those days you smoked, how cigarettes did you usually smoke each day? A 
  pack usually has 20 cigarettes in it.”; [CPD*number of smoking days in past 30 days]/30. Total Ns may not add up 
  to “Every Day/Some Days” count due to missing data.

Table 3 (continued)
Smoking Outcomes at Each Follow-up Assessment, Stratified by Recent and 

Long-term Quittersa

Follow-Up 
Assessment

Past 30-Day 
Smokingd

%

Proportion of 
P30D

Now Smoking
Not at Alle,f

%

Proportion  of 
P30D Now 

Smoking Every or 
Some Dayse,g

%

Cigarette Consumption in Those 
Smoking Every Day or Some Daysh

No. Days Smoked
in P30Di

Mean (SD) 

CPD in P30Dj

Mean (SD)
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ported smoking in the past 30 days and smoking 
“some days” or “every day” reported smoking, on 
average, between 7.19 and 11.32 days in the past 
30 days and 1.15 to 2.81 cigarettes per day across 
the 6 follow-ups.

Among long-term quitters, prevalence of past 
30-day smoking ranged from 6.4% to 9.2% across 
the follow-up period (Table 3). Among long-term 
quitters who reported smoking in the past 30 days, 
41.9% to 57.4% (across follow-ups) reported now 
smoking “not at all.” Long-term quitters who re-
ported smoking in the past 30 days and smoking 

“some days” or “every day” reported smoking, on 
average, between 8.38 and 11.45 days in the past 
30 days and 1.68 to 2.78 cigarettes per day.

Patterns of smoking were similar in the complete 
case analysis (Supplemental Table S3), with slightly 
lower rates of smoking prevalence. Among partici-
pants in the complete case sample who reported 
smoking at ≥1 follow-up, the largest proportion re-
ported smoking at only one follow-up assessment 
(14.8% of FES); this was more common among 
recent quitters (17.5%) than long-term quitters 
(12.6%; Supplemental Table S4). Fewer than 2% 

Table 4
JUUL Use at Each Follow-up Assessment, Stratified by Recent and Long-term Quittersa

Follow-Up 
Assessment

Past 30-Day
JUUL Used

%

 Proportion of 
P30D

Now Using JS
Not at Alle,f

%

Proportion of P30D 
Now Using JS 

Every 
or Some Dayse,g

% 

JS Use Frequency in Those Using 
JS Every Day or Some Daysh

No. Days Used JS
in P30Di

Mean (SD)

No. of JS Sessions 
per Day in P30Dj

Mean (SD)

Recent Quitterb

Month 1
98.77 1.36 98.64 26.29 (6.79) 12.96 (14.65)

N = 1709 N = 1687 N = 1687 N = 1629 N = 1623

Month 2
96.30 1.65 98.35 25.74 (7.41) 12.85 (14.00)

N = 1703 N = 1640 N = 1640 N = 1569 N = 1564

Month 3
94.89 1.55 98.45 25.27 (8.01) 13.07 (13.79)

N = 1701 N = 1614 N = 1614 N = 1542 N = 1537

Month 6
93.40 1.66 98.34 24.09 (8.95) 12.70 (14.22)

N = 1485 N = 1387 N = 1387 N = 1317 N = 1309

Month 9
91.65 2.26 97.74 24.10 (8.80) 12.58 (13.59)

N = 1545 N = 1416 N = 1416 N = 1349 N = 1346

Month 12
88.40 3.32 96.68 23.51 (9.42) 11.77 (11.96)

N = 1534 N = 1356 N = 1356 N = 1273 N = 1268

Long-term Quitterc

Month 1
99.05 2.07 97.93 24.46 (7.93) 10.70 (12.14)

N = 1995 N = 1976 N = 1976 N = 1896 N = 1887

Month 2
96.08 1.88 98.12 24.42 (8.56) 10.77 (12.61)

N = 1938 N = 1862 N = 1862 N = 1792 N = 1783

Month 3
94.50 1.74 98.26 24.21 (8.67) 10.73 (12.54)

N = 1945 N = 1838 N = 1838 N = 1756 N = 1746

(continued on next page)
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of former smokers reported past 30-day smoking 
at all 6 follow-up assessments.

JUUL Use across the Follow-up Period
Overall, the prevalence of past 30-day JUUL use 

was high in both recent and long-term quitters, 
and remained so across all follow-ups – over 87% 
among both recent and long-term quitters (Table 
4). Prevalence of past 30-day JUUL use among re-
cent quitters decreased over time, from 98.8% at the 
one-month follow-up to 88.4% at the 12-month 
follow-up. A similar decline in prevalence of past 

30-day JUUL use was observed in long-term quit-
ters, decreasing from 99.1% at the one-month fol-
low-up to 87.2% at the 12-month follow-up.

Among recent quitters who reported past 30-
day JUUL use, the vast majority (96.7%-98.6%) 
reported using JUUL “some days” or “every day” 
across the follow-up period (Table 4). Recent quit-
ters who reported using JUUL in the past 30 days 
and on “some days” or “every day” used JUUL, on 
average, between 23.51 and 26.29 days in the past 
30 days and 11.77 to 13.07 times per day.

Similar JUUL use patterns were observed among 

Month 6
91.23 1.83 98.17 23.57 (9.09) 10.80 (12.28)

N = 1734 N = 1582 N = 1582 N = 1508 N = 1503

Month 9
89.05 2.92 97.08 22.98 (9.50) 11.23 (13.16)

N = 1772 N = 1577 N = 1577 N = 1490 N = 1488

Month 12
87.18 2.63 97.37 22.75 (9.53) 10.84 (12.47)

N = 1747 N = 1523 N = 1523 N = 1446 N = 1441

Note.
Abbreviations: P30D, Past 30-day; JS, JUUL System; SD, Standard Deviation
Ns shown represent the available Ns for the specified survey item, and varied for particular measures because of miss-
ing data.
a Sample included all who provided past 30-day JUUL System use data at the relevant follow-up assessment.
b Recent Quitters had stopped from smoking within the last 12 months at baseline.
c Long-term Quitters had stopped from smoking 12 or more months ago at baseline.
d % of past 30-day JS Users were those who responded “yes” to “Have you used a JUUL in the past 30 days, even one 
  or two puffs?”
e Those who responded “yes” to “Have you used a JUUL in the past 30 days, even one or two puffs?” were asked “Do 
  you now use a JUUL…Every day/Some days/Not at all.” Total Ns may not add up to P30D JS Use count due to 
  missing data.
f % of past 30-day JS Users who responded “Not at all” to “Do you now use a JUUL…”
g % of past 30-day JS Users who responded “Every day” or “Some days” to “Do you now use a JUUL…”
h Those who indicated now using a JUUL “Not at all” were not asked how many days they had use a JUUL or how 
  times they had used a JUUL on those days. Thus, the data on days used a JUUL and JUUL sessions per day are from 
  the subset who indicated they were now using a JUUL “Every day” or “Some days”, and provided valid (non-missing)
   data.
i # Days Used JS in P30D = “On how many of the past 30 days did you use a JUUL?” Total Ns may not add up to 
  “Every Day/Some Days” count due to missing data.
j # of JUUL Sessions/Day = “On average, on those days you used a JUUL, how many times did you usually use a 
  JUUL each day? Assume that one “time” consists of around 15 puffs, or 10 minutes.” Total Ns may not add up to 
  “Every Day/Some Days” count due to missing data.

Table 4 (continued)
JUUL Use at Each Follow-up Assessment, Stratified by Recent and Long-term Quittersa

Follow-Up 
Assessment

Past 30-Day
JUUL Used

%

 Proportion of 
P30D

Now Using JS
Not at Alle,f

%

Proportion of P30D 
Now Using JS 

Every 
or Some Dayse,g

% 

JS Use Frequency in Those Using 
JS Every Day or Some Daysh

No. Days Used JS
in P30Di

Mean (SD)

No. of JS Sessions 
per Day in P30Dj

Mean (SD)
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long-term quitters. Among those who reported 
past 30-day JUUL use, almost all long-term quit-
ters (97.1%-98.3%) reported using JUUL “some 
days” or “every day” (Table 4). Long-term quitters 
who reported using JUUL in the past 30 days and 
on “some days” or “every day” used JUUL, on aver-
age, between 22.75 and 24.46 days in the past 30 
days and 10.70 to 11.23 times per day.

As was the case for the smoking outcomes, there 
were few differences in JUUL use across follow-up 
between the all-available and the complete case 
samples (Supplemental Table S5).

DISCUSSION
Among former established smokers who pur-

chased a JSK, rates of cigarette smoking were low 
and stable across the 12-month follow-up period 
following initial purchase. The stability of point-
prevalence of smoking suggests that those reporting 
past 30-day smoking were not resuming ongoing 
smoking, as this would have led to cumulatively 
rising prevalence rates. The relatively low rates of 
smoking at both of the last 2 follow-ups (9 and 12 
months) also suggests a low likelihood of continu-
ing smoking or resumption of smoking.

Across follow-ups, participants who used JUUL 
more frequently were less likely to smoke, suggest-
ing that increased JUUL use may contribute to the 
prevention of smoking resumption. This finding is 
consistent with conceptual models that propose that 
ENDS may act as a less harmful alternative source of 
nicotine to deter cigarette smoking.42,43 The finding 
here is consistent with that among baseline smokers 
in ADJUSST, which showed that greater frequency 
of JUUL use was associated with increased switch-
ing away from smoking.44 Although there was 
a  statistically significant association of daily quan-
tity of JUUL use and reduced odds of smoking re-
sumption in the univariate model, after controlling 
for past 30-day frequency of JUUL use (and other 
characteristics) in the fully-adjusted model this as-
sociation was no longer significant. Past 30-day fre-
quency of JUUL use (vs daily quantity of use) may 
be more indicative of engagement with JUUL and 
central to preventing resumption of smoking. Mea-
surement of daily quantity is also particularly diffi-
cult,45,46 particularly as ENDS users may use ENDS 
intermittently in small amounts throughout the 
day. It is possible that a more precise measure of 

daily quantity would be more predictive.
In any case, the data indicate that more fre-

quent use of JUUL was associated with lower risk 
of smoking. Importantly, the present study differs 
from most studies of ENDS use in that ENDS us-
ers were not defined on the basis of any past 30-
day ENDS use, but rather the sample consisted of 
former smokers who had purchased a JSK, imply-
ing a commitment to using ENDS. This charac-
teristic likely helps explain the substantial average 
frequency (averaging > 20 days per month) and 
quantity (averaging > 10 uses per day) of JUUL use, 
as well as its persistence (> 85% using JUUL at 12 
months). Persistent ENDS use was also observed 
among successful quitters in a randomized smoking 
cessation trial with ENDS.47 As nicotine use may 
carry some risks,22 users may want to discontinue 
use after smoking abstinence is securely established; 
PATH data suggest that users are far more success-
ful in quitting ENDS than in quitting smoking.48

Recent quitters had higher likelihood of smoking 
over the 12-month period; at the 12-month assess-
ment, 19.9% of recent quitters reported smoking, 
compared to 9.1% of long-term quitters. This was 
expected, as the risk of relapse decreases with lon-
ger duration of abstinence.7,10,20

Despite challenges in directly comparing relapse 
rates from other data sources and populations, the 
observed smoking resumption rates at 12 months 
are on the lower end of the range of reported rates 
of resuming smoking among former smokers using 
ENDS in other studies, which range from 6% to ~ 
40% using similar point-prevalence definitions of 
current smoking status.28,49,50 Furthermore, several 
analyses of the Population Assessment of Tobacco 
and Health, a large nationally representative sample 
of the US population, have shown rates of smoking 
among former smokers who use ENDS to be gen-
erally higher or comparable to those observed in 
the current analysis, using similar point-prevalence 
definitions of current smoking status. 

Whereas direct comparisons to PATH data are 
limited for several reasons (eg, population differ-
ences, definitions of relapse and ENDS use, and 
product differences), 31.9% of recent quitters who 
quit within the past 12 months and used ENDS 
regularly (ie, using ENDS some days or every day 
at baseline, ever used ENDS fairly regularly) were 
smoking cigarettes some days or every day one 
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year later.31 Another analysis of the first 2 waves 
of PATH data showed a 9.3% rate of smoking at 
Wave 2 among past long-term quitters who had 
quit for at least 5 years and were using ENDS in 
Wave 1.32 Another methodologic difference is re-
lated to ENDS history; the current study enrolled 
former smokers just as they were starting to use 
JUUL products, whereas the PATH analyses in-
cluded former smokers who may have been using 
ENDS for some time, implicitly excluding those 
who had stopped using ENDS. Furthermore, be-
cause the current study only included JUUL pur-
chasers (ie, ENDS users), it was not possible to 
compare non-ENDS users with ENDS users.

Avoiding smoking is a major concern for for-
mer smokers. The significant association between 
increased past 30-day frequency of JUUL use and 
reduced odds of smoking resumption suggests 
that more frequent JUUL use may reduce risk of 
smoking resumption among former smokers us-
ing JUUL. Some former smokers may still feel at 
risk for resumption of smoking and may adopt 
JUUL to help them avoid smoking. In the broader 
literature, findings from studies examining the as-
sociation between ENDS use and smoking among 
former smokers have been inconsistent. Some stud-
ies report reduced likelihood of later smoking51,52 
and others suggest increased likelihood of smoking, 
at least in some populations.32,33,35

Comparing the current findings with results from 
these studies requires caution, particularly given dif-
ferences in the comparison groups (ie, comparing 
ENDS users and non-users vs comparing more and 
less frequent ENDS users) and differences in study 
populations. For example, the assessment of the ef-
fect of ENDS use on relapse in studies of ENDS 
purchasers is complicated given the potential for 
“biasing by indication” – ie, the fact that the former 
smokers who purchase ENDS may do so because 
they believe they are at heightened risk for relapse. 
Consistent with this, analyses in PATH show that 
the former smokers who report using ENDS spe-
cifically to assist in abstinence were more likely to 
smoke.53

These results of this study are limited by several 
methodological issues. First, there was no com-
parison group of former smokers who did not use 
ENDS, which limits causal attributions for the ef-
fect of ENDS on resumption of smoking. Second, 

there was substantial loss to follow-up; bias due to 
differential loss to follow-up by smoking status may 
affect smoking outcome data in this study. However, 
a separate analysis of loss to follow-up provided in 
Shiffman et al39 found no statistically significant dif-
ferences in baseline characteristics between respond-
ers and those lost to follow-up and substantial rates 
of past 30-day abstinence from smoking in a for-
mer smoker sample recontacted after missing the 
12-month assessment. Third, this study used self-
reported data, which has inherent limitations in all 
survey research studies; smoking outcomes were not 
biochemically verified. Fourth, the study focused on 
individuals who volunteered to be in the study, which 
may limit the generalizability of findings. Addition-
ally, use of non-cigarette tobacco products, motiva-
tional factors associated with relapse, and JUUL use 
expectancies were not included  in  the  predictive 
models, and should be assessed in future research. 

The study focused on individuals who purchased 
a JUUL Starter Kit, which implies a degree of com-
mitment to using JUUL that goes beyond that of 
individuals who merely used JUUL or another 
ENDS in the previous 30 days. Thus, although 
the findings likely do not generalize to all JUUL 
“users” defined by that standard, they likely apply 
to individuals who undertake use of JUUL, who 
are of significant public health interest. Relatedly, 
the findings may not generalize to users of ENDS 
products other than JUUL.

Strengths of this study include the large sample 
size with a frequent cadence of follow-up assess-
ments over a one-year period, which is uncommon 
for large-scale longitudinal observational stud-
ies. The frequent follow-up assessments provided 
granular temporal detail to examine the trajec-
tory of cigarette smoking among former smokers 
over time. Furthermore, the study examined real-
world purchasers and provides actual use data that 
is relevant to real-world adoption of the product. 
This study focused solely on former smokers who 
purchased JUUL; other manuscripts in this jour-
nal issue evaluate switching completely away from 
smoking among smokers who purchase JUUL44,54 
and smoking reduction among dual users.55

Conclusions
This longitudinal study of former established 

smokers who purchased a JSK found low and sta-
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ble rates of combustible cigarette smoking across 
the 12-month follow-up period following initial 
purchase. More frequent past 30-day use of JUUL 
was associated with reduced odds of smoking re-
sumption, suggesting that greater engagement with 
JUUL may have a protective effect against resump-
tion of smoking in former smokers who purchased 
JUUL (ie, may aid former smokers in avoiding 
smoking relapse). Further research is needed to 
replicate this finding in other populations of for-
mer smokers. The point prevalence of smoking did 
not increase across follow-up assessments, suggest-
ing there is not a growing cohort of former smokers 
who have resumed smoking after the purchase of 
the JUUL.
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SUPPLEMENTARY MATERIALS

Supplemental Results
Individuals who, when asked whether they are “now smoking every day, some days, or not at all” say 

they are now smoking “not at all” are typically classified as abstinent or non-smokers in studies of smoking 
trajectories.1 In the ADJUSST study, respondents who said they were not smoking at all, but who had re-
ported smoking in the past 30 days were considered to have smoked, and constituted a substantial fraction 
(sometimes the majority) of those who were considered to have smoked.

However, in ADJUSST, such respondents were not asked how many days they had  smoked or how 
many cigarettes per day, and thus, did not contribute to the calculations of the sample’s cigarette con-
sumption. To gain insight into the smoking behavior of respondents who showed this response pattern, 
we turned to the PATH study,2 which also asked both smoking-status questions (past 30-day smoking and 
now smoking “every day,” “some days,” or “not at all”), but did not use them to skip over further questions 
about frequency and quantity of smoking. Specifically, all past-30-day smokers were asked how many days 
in the past 30 days they smoked and how many cigarettes they smoked. Additionally, they were asked how 
long ago they had last smoked.

Thus, PATH provides data on the smoking behavior of these past-30-day but now-not-at-all (P30D-
NNAA) smokers. We identified a sample of smokers with P30D-NNAA response patterns in PATH Wave 
4, and who had also provided Wave 3 data. To parallel the analyses in the ADJUSST analysis of former 
smokers, we identified individuals who were former smokers at Wave 3 (the equivalent of ADJUSST base-
line) and tallied their reported smoking behavior at Wave 4 (Table S1). 

Wave-4 P30D-NNAA smokers who were former established smokers at baseline reported smoking 7.1 
days in the past month, and  averaging 2.7 cigarettes per day (Table S1). Less than one in 5 (18.3%) 
smoked frequently, defined as 20 or more days per month. A minority (37.6%) reported having smoked 
in the 7 days preceding the assessment.

In sum, the PATH data strongly suggest that former smokers who subsequently showed  the P30D-
NNAA response pattern (ie, reporting they smoked in the past 30 days, but reporting they now smoke not 
at all) are smoking little, smoking infrequently and a modest number of cigarettes. The majority report 
7-day abstinence, suggesting they may consider themselves to have stopped smoking, which may help 
explain their ‘not at all’ response when asked to characterize their current smoking. In any case, these data 
from PATH, though on a different sample, and not addressing ENDS use, shed some light on how to 
interpret the P30D-NNAA response pattern.

Supplementary References
 1. Coleman B, Rostron B, Johnson SE, et al. Transitions in electronic cigarette use among adults in the Population Assessment 

of Tobacco and Health (PATH) Study, Waves 1 and 2 (2013-2015). Tob Control. 2019;28(1):50-59.
 2. Hyland A, Ambrose BK, Conway KP, et al. Design and methods of the Population Assessment of Tobacco and Health 

(PATH) Study. Tob Control. 2017;26(4):371-378.
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Study Flow Chart



Cigarette Smoking Trajectories in Adult Former Smokers Using the JUUL System

522

Table S1
Smoking Patterns Reported by Wave 4 Respondents in PATH Who Indicated They Had 

Smoked in the Past 30 Days and Also Indicated They Now Smoked “Not At All,” Stratified 
by Their Year-ago Wave 3 Smoking Status

Reported Smoking Behavior 
1 Year Later (Wave 4)

Smoking Status 1 Year Ago (Wave 3)

Former Established,   
Short-term

(N = 72)

Former Established,   
Long-term

(N = 79)
N Mean or % SD N Mean or % SD

Overall CPD (mean, SD) 59 0.7 2.3 33 0.9 3.4

Days smoked past 30 daysa (mean, SD) 70 3.1 5.4 77 1.6 4.3

Smoked ≥ 20 days in past 30 daysa (%) 70 5.7% — 77 1.3% —

Smoked in past week (%) 72 35.2% — 79 20.6% —

Note. 
Former Established, Short-term = Smoked < 12 months ago at Wave 3; at Wave 4 smoked in the past 30 days and 
“Now” smoke “Not at all.”
Former Established, Long-term = At Wave 3 smoked ≥ 12 months ago; at Wave 4 smoked in the past 30 days and 
“Now” smoke “Not at all.”
a Per PATH logic, respondents who indicated they smoked every day were assigned smoking 30 days out of 30.

Table S2
Association of Sociodemographic, Smoking and JUUL Use Characteristics with Resumption of 

Smoking over the 12-month Period in Complete Case Sample

Regressors Fully Adjusted Model
OR (95% CI)a

Sociodemographic Characteristics

Age Category
   21 to 24 Ref
   25 to 29 1.11 (0.77, 1.59)
   30 to 39 0.88 (0.57, 1.36)
   40 or older 0.52 (0.27, 1.01)
Sex
   Male Ref
   Female 1.43 (1.08, 1.89)*
   Transgender 1.74 (0.63, 4.79)
Race/Ethnicity
   Non-Hispanic White Ref
   Non-Hispanic Black 2.25 (1.17, 4.31)*
   Non-Hispanic Asian 1.73 (1.02, 2.94)*
   Non-Hispanic Other 1.00 (0.59, 1.71)
   Hispanic Ethnicity 1.41 (0.92, 2.16)

(continued on next page)
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Sociodemographic Characteristics

Marital Status
   Married Ref
   Divorced, Separated or Widowed 1.04 (0.63, 1.73)
   Never Married 1.34 (0.96, 1.85)
Education
   High School Graduate or Less Education Ref
   Some College or Associate Degree 1.34 (0.96, 1.86)
   Bachelor’s Degree or More Education 1.06 (0.72, 1.55)

Smoking Characteristics at Baseline
Regular Brands of Cigarettes Smoked before Quitting were Menthol Cigarettes
   No Ref
   Yes 0.94 (0.72, 1.23)
Former Established Smoker Subtype
   Long-term Quitter Ref
   Recent Quitter 2.52 (1.93, 3.28)***
   No. Cigarettes Smoked per Day before Quitting 0.99 (0.97, 1.01)
   Years Smoked Regularly Before Quitting 1.02 (0.99, 1.05)
   Age First Smoked Regularly Before Quitting 1.00 (0.94, 1.06)
Time-varying Effects
   No. Days Used JUUL in Past 30 Daysb 0.98 (0.97, 0.99)**
   No. Times Used JUUL per Dayb 1.00 (0.99, 1.00)
   Time effect, months (linear)c 1.00 (0.98, 1.02)

Note. 
Fully adjusted model: N = 5818 observations; 1097 participants. Participants with missing covariates were excluded.
Any past 30-day smoking outcome defined as reporting past 30-day smoking at any of the 6 follow-up assessments.
a Adjusted for baseline sociodemographic (age, sex, race/ethnicity, marital status and education), JUUL System use 
  frequency and quantity, and baseline smoking characteristics.
b Time varying covariate.
c Time was coded as a continuous variable, in months. A quadratic time term was non-significant (p = .81) when tested 
  in a separate model.
* parameter estimates significant with p < .05
** parameters significant with p < .01
*** parameters significant with p < .001

Table S2 (continued)
Association of Sociodemographic, Smoking and JUUL Use Characteristics with Resumption of 

Smoking over the 12-month Period in Complete Case Sample

Regressors Fully Adjusted Model
OR (95% CI)a
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Table S3
Smoking Outcomes at Each Follow-up Assessment, among Complete Cases, 

Stratified by Recent and Long-term Quittersa

Follow-up 
Assessment

Past 30-Day 
Smokingd

%
[N]

Proportion of 
P30D

Now Smoking
Not at Alle,f

%
[N]

Proportion  of P30D 
Now 

Smoking Every or 
Some Dayse,g

%
[N]

Cigarette Consumption in Those 
Smoking Every Day or Some Daysh

No. Days Smoked
in P30Di

Mean (SD) 
[N]

CPD in P30Dj

Mean (SD)
[N]

Recent Quitterb (N = 702)

Month 1
16.24 47.71 52.29 7.04 (7.95) 1.03 (1.89)
[114] [52] [57] [56] [56]

Month 2
15.38 42.00 58.00 7.78 (7.62) 1.11 (2.15)
[108] [42] [58] [55] [54]

Month 3
16.10 47.32 52.68 9.50 (9.48) 2.60 (8.37)
[113] [53] [59] [58] [57]

Month 6
14.53 41.41 58.59 8.66 (9.50) 2.14 (4.59)
[102] [41] [58] [58] [56]

Month 9
17.38 52.10 47.90 11.89 (9.38) 1.98 (4.19)
[122] [62] [57] [56] [56]

Month 12
16.81 41.38 58.62 10.62 (8.92) 2.03 (4.22)
[118] [48] [68] [68] [68]

Long-term Quitterc (N = 887)

Month 1
6.43 61.82 38.18 11.24 (11.00) 2.39 (3.35)
[57] [34] [21] [21] [21]

Month 2
5.64 56.00 44.00 7.59 (7.68) 1.61 (2.65)
[50] [28] [22] [22] [22]

Month 3
6.65 46.55 53.45 8.23 (8.54) 1.65 (3.06)
[59] [27] [31] [31] [31]

Month 6
8.34 60.00 40.00 11.50 (9.54) 1.89 (2.72)
[74] [42] [28] [28] [28]

Month 9
8.00 59.70 40.30 11.23 (11.17) 1.81 (2.51)
[71] [40] [27] [26] [26]

Month 12
8.12 40.00 60.00 10.12 (9.59) 1.90 (2.86)
[72] [28] [42] [42] [42]

Note. 
Abbreviations: P30D = Past 30-day; SD = Standard Deviation; CPD = Cigarettes Per Day
Ns shown represent the available Ns for the specified survey item, and varied for particular measures because of missing data.
a Sample included all who provided past 30-day smoking data at every follow-up assessment.
b Recent Quitters had stopped from smoking within the last 12 months at baseline.
c Long-term Quitters had stopped from smoking 12 or more months ago at baseline.
d % of participants who responded “yes” to “In the past 30 days, have you smoked a cigarette, even one or two puffs?”
e Those who responded “yes” to “In the past 30 days, have you smoked a cigarette, even one or two puffs?” were asked “Do 
  you now smoke cigarettes…Every day/Some days/Not at all.” Total Ns may not add up to P30D count due to missing data.
f % of past 30-day smokers who responded “Not at all” to “Do you now smoke cigarettes …”. 
g % of past 30-day smokers who responded “Every day” or “Some days” to “Do you now smoke cigarettes …”
h Those who indicated now smoking “Not at all” were not asked how many days they had smoked or how many cigarettes 
  they had smoked on those days. Thus the data on days smoked and cigarettes per day are from the subset who indicated 
  they were now smoking “Every day” or “Some days,” and provided valid (non-missing) data. 
i # days smoked in past 30 days = “On how many of the past 30 days did you smoke cigarettes?” Total Ns may not add up 
  to “Every Day/Some Days” count due to missing data.
j CPD in past 30 days = “On average, on those days you smoked, how cigarettes did you usually smoke each day? A pack 
  usually has 20 cigarettes in it.” [CPD*number of smoking days in past 30 days]/30. Total Ns may not add up to “Every Day/
  Some Days” count due to missing data.



Le et al

Am J Health Behav.™ 2021;45(3):505-526 525 DOI:  doi.org/10.5993/AJHB.45.3.7

Table S4
Number of Follow-up Assessments in which Past 30-day Smoking Status Was Reported 

among Complete Cases, Stratified by Recent and Long-term Quittersa

Recent Quitterb

% (N)
Long-Term Quitterc

% (N)
Total
% (N)

(N = 702) (N = 887) (N = 1589)

Number of Follow-up Assessments in 
which Past 30-day Smoking Was Reported

    0 Follow-ups 56.55 (397) 76.66 (680) 67.78 (1077)

    1 or More Follow-ups 43.45 (305) 23.34 (207) 32.22 (512)

        1 Follow-up Only 17.52 (123) 12.63 (112) 14.79 (235)

        2 Follow-ups Only 11.68 (82) 4.96 (44) 7.93 (126)

        3 Follow-ups Only 6.41 (45) 3.49 (31) 4.78 (76)

        4 Follow-ups Only 3.99 (28) 1.58 (14) 2.64 (42)

        5 Follow-ups Only 2.71 (19) 0.23 (2) 1.32 (21)

        6 Follow-ups Only 1.14 (8) 0.45 (4) 0.76 (12)

Note. 
a Sample included all who provided past 30-day smoking data at every follow-up assessment.
b Recent Quitters had stopped from smoking within the last 12 months at baseline.
c Long-term Quitters had stopped from smoking 12 or more months ago at baseline.
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Table S5
JUUL System Use at Each Follow-up Assessment, among Complete Cases, 

Stratified by Recent and Long-term Quittersa

Follow-up 
Assessment

Past 30-day
JUUL Used

%
[N]

Proportion of 
P30D

Now Using JS
Not at Alle,f

%
[N]

Proportion  of P30D 
Now Using JS Every 

or Some Dayse,g

% 
[N]

JS Use Frequency in Those Using 
JS Every Day or Some Daysh

No. Days Used JS
in P30Di

Mean (SD)
[N]

No. of JS Sessions 
per Day in P30Dj

Mean (SD)
[N]

Recent Quitterb (N = 702)

Month 1
99.00 1.58 98.42 26.31 (6.91) 13.12 (14.34)
[695] [11] [684] [675] [675]

Month 2
97.01 2.20 97.80 25.40 (7.75) 12.53 (13.54)
[681] [15] [666] [653] [653]

Month 3
95.30 2.09 97.91 25.39 (7.92) 13.15 (13.93)
[669] [14] [655] [641] [639]

Month 6
93.02 1.53 98.47 24.15 (8.89) 12.37 (13.45)
[653] [10] [643] [631] [627]

Month 9
91.45 1.40 98.60 23.67 (9.01) 12.45 (12.80)
[642] [9] [633] [624] [623]

Month 12
87.89 2.59 97.41 23.73 (9.35) 11.70 (11.86)
[617] [16] [601] [589] [586]

Long-term Quitterc (N = 887)

Month 1
98.87 1.82 98.18 23.88 (8.25) 10.59 (12.24)
[877] [16] [861] [845] [844]

Month 2
95.94 2.00 98.00 24.26 (8.59) 10.57 (12.56)
[851] [17] [834] [825] [820]

Month 3
95.04 1.42 98.58 23.77 (8.84) 10.27 (11.53)
[843] [12] [831] [817] [813]

Month 6
91.66 2.09 97.91 23.36 (9.18) 10.44 (11.54)
[813] [17] [796] [777] [778]

Month 9
91.54 2.71 97.29 22.98 (9.38) 11.14 (13.39)
[812] [22] [790] [773] [772]

Month 12
89.52 2.90 97.10 23.03 (9.36) 10.84 (12.75)
[794] [23] [771] [756] [752]

Note. 
Abbreviations: P30D = Past 30-day; JS = JUUL System; SD = Standard Deviation 
Ns shown represent the available ns for the specified survey item, and varied for particular measures because of missing data.
a Sample included all who provided past 30-day smoking data at every follow-up assessment.
b Recent Quitters had stopped from smoking within the last 12 months at baseline.
c Long-term Quitters had stopped from smoking 12 or more months ago at baseline.
d % of past 30-day JS Users were those who responded “yes” to “Have you used a JUUL in the past 30 days, even one or two puffs?” 
e Those who responded “yes” to “Have you used a JUUL in the past 30 days, even one or two puffs?” were asked “Do you now use a 
  JUUL…Every day/Some days/Not at all.” Total Ns may not add up to P30D JS Use count due to missing data.
f % of past 30-day JS Users who responded “Not at all” to “Do you now use a JUUL…”
g % of past 30-day JS Users who responded “Every day” or “Some days” to “Do you now use a JUUL…”
h Those who indicated now using a JUUL “Not at all” were not asked how many days they had use a JUUL or how times they had used 
  a JUUL on those days. Thus, the data on days used a JUUL and JUUL sessions per day are from the subset who indicated they were 
  now using a JUUL “Every day” or “Some days”, and provided valid (non-missing) data.
i # Days Used JS in P30D = “On how many of the past 30 days did you use a JUUL?” Total Ns may not add up to “Every Day/Some 
  Days” count due to missing data.
j # of JUUL Sessions/Day = “On average, on those days you used a JUUL, how many times did you usually use a JUUL 
  each day? Assume that one “time” consists of around 15 puffs, or 10 minutes.” Total Ns may not add up to “Every Day/
  Some Days” count due to missing data.
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Electronic nicotine delivery systems (ENDS) 
are likely to provide a significant potential 
benefit to public health by helping smokers, 

especially those who might not otherwise quit, to 
switch away from smoking.1-4 Use of ENDS itself 
has risks, but these are likely to be much lower than 
those resulting from smoking;4,5 thus, the biggest 
adverse effects of ENDS use comes from the po-
tential of non-smokers moving on to smoke ciga-
rettes, whose use carries much greater risk. At the 
same time, as the US Food and Drug Administra-
tion (FDA) has pointed out,6 ENDS also can have 
adverse effects on public health to the extent that 
they are used by individuals who are not smoking 
and would not otherwise smoke.

Whether ENDS use leads to smoking has been 

extensively explored and debated in the context 
of youth use, without clear resolution. That youth 
who use ENDS are more likely to become subse-
quent smokers is established;7-9 however, whether 
this is causal or due to confounding common fac-
tors – because of characteristics that may predis-
pose individuals both to smoking and to ENDS 
use – is debated in the literature.10-12

The question of smoking after adoption of ENDS 
also arises with regard to adult never smokers who 
start using ENDS. The prevalence of past-30-day 
ENDS use among adults is low (eg, 2.3%),13,14 
though notably higher among young adults (eg, 
5.3%).13,15 In any case, the question of whether 
ENDS use is followed by cigarette smoking in 
adults is also important, and has been the subject 
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who purchased a JSK were recruited into an observational naturalistic study. Analyses distin-
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N = 1005). Participants were invited to complete follow-up assessments at 1, 2, 3, 6, 9, and 12 
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of several studies. For example, McMillen et al16 
report that 7% of never smokers who were past-30-
day ENDS users at Wave 1 of PATH (2013-2014) 
were past-30-day smokers a year later, higher than 
the rate among those not using ENDS. Studies also 
have focused on young adults, as young adulthood 
is the period associated with the highest prevalence 
of ENDS use,17,18 and also associated with high risk 
for smoking initiation19 and escalation.20 Primack 
et al21 estimated that 48% of young adult ever-users 
of ENDS smoked (criterion was even a puff) during 
the succeeding 18 months – a rate higher than that 
in non-users. Similarly, in college students, Loukas 
et al22 reported that 40% of ever-ENDS users initi-
ated smoking during an 18-month follow-up.

The studies of adults face the same hurdles to 
making causal attributions as have been noted for 
the youth data; Adults electing to use ENDS dif-
fer in many other ways from those not adopting 
ENDS,23 and it is difficult to account for all the 
relevant differences. Additionally, studies typically 
start with a sample of existing ENDS users,21,22 
which may already have been subject to selection, 
in that those who had already progressed to smok-
ing are out of the sampling frame, since they are no 
longer never smokers.

Additionally, studies of the association between 
ENDS use and smoking also have been criticized 
on the grounds that they have typically used lim-
ited measures of each behavior. Often, studies have 
examined the link between ever-use of ENDS and 
ever-use of cigarettes, representing low-threshold 
definitions of use. Other studies have looked at cur-
rent use of ENDS (rather than “ever”), but defined 
it as any use at all in the past 30 days, which likely 
includes some casual use, such as trying a friend’s 
ENDS.24 Similar limitations apply to past-30-day 
smoking, which may indicate limited experimen-
tation with cigarette smoking.17,25-27 Prospective 
studies also have typically examined these behav-
iors only once over the course of a year.16,21 Data on 
patterns over time and amounts of use also may be 
informative, helping to distinguish incident smok-
ing that is intermittent and sporadic from that 
which appears to be taking on the continuity that 
may be associated with becoming a smoker.2-5,28,29 
Also, examining associations between the frequen-
cy or amount of ENDS use and subsequent smok-
ing (analogous to a “dose-response” effect) also can 

provide relevant insight.30-33 
This paper reports data from adult never smok-

ers in the ADJUSST (Adult JUUL Switching and 
Smoking Trajectories) study,34 a longitudinal natu-
ralistic observational study that examined partic-
ipants’ smoking behavior in the course of a year 
after purchasing a JUUL Starter Kit (JSK). The 
JUUL System (henceforth “JUUL”) is a pod-based 
closed-system ENDS brand with a nicotine salt 
formulation. The prevalence of past-30-day use of 
JUUL among adult never smokers has been esti-
mated at 1.4% among young adults (18-24) and 
0.1% among adults over 25.14 The present analy-
ses examine the prevalence of past-30-day smoking 
over 6 follow-up assessments across 12 months after 
a JSK purchase, including the frequency and quan-
tity of smoking among those who report smok-
ing. Use of JUUL is similarly tracked over time, 
and analyses examine the association of JUUL use 
and smoking. As some of these never smokers had 
already used ENDS before purchasing a JSK and 
entering the study, the analyses distinguish those 
with prior ENDS experience from those who were 
newly using ENDS.

METHODS
Participants 

Participants were adults (21+) who were recruited 
at the time of a first JSK purchase (either at retail 
or online). These analyses focus on never smokers, 
defined as those who report having never smoked 
cigarettes at all (even a puff). Data were available 
from a total of 3853 never smokers who provided 
at least some follow-up data, comprising 73.6% 
of those who enrolled. A total of 1265 (24.2%) 
completed all 6 follow-ups. Shiffman et al34 report 
that baseline demographic differences between 
those with complete data, partial data, and no data 
were uniformly small (R2s ≤ 0.0025). Of the 2628 
(50.2%) who provided data at some but not all 
follow-ups, 71.1% completed at least 3 of the 6 
follow-ups. Their pattern of missed follow-ups was 
not characterized by discontinuation, ie, complet-
ing follow-ups, but then dropping from the study 
and completing no subsequent follow-ups. Rather, 
79.8% of those with partial data showed intermit-
tent responding: they missed one or more follow-
ups, but then returned at subsequent follow-ups. 
Most partial responders (83.1%) completed at least 
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one of the follow-ups in the second half of the year, 
at 6 months or later. Shiffman et al34 also report 
that only 3.1% of 449 12-month-non-responders 
who were recontacted reported their non-response 
was due to having started smoking.

The sample was stratified according to whether 
they had reported having ever used ENDS prior 
to enrolling (2848 had previously used ENDS 
[“NS+E”], and 1005 had not used ENDS [NS-
NE]; 40 enrollees did not have data on past ENDS 
use, and are not included). History or current use 
of other tobacco products, whether combusted (eg, 
small cigars, hookah) or non-combusted (eg, oral 
tobacco) was not assessed.

Procedures
The ADJUSST study design and methods are 

described in more detail in Shiffman et al.34 Par-
ticipants were recruited at the time of purchase of 
a JSK, which contained a JUUL device, a charging 
dock, and 4 JUULPods, and sold for approximate-
ly USD45-USD50. Those purchasing at retail were 
invited via a card in the package that read “Com-
plete our online survey about vaping, smoking, and 
JUUL products and receive a USD30 Visa e-Gift 
Card.” Those purchasing online were invited via a 
follow-up email that similarly described the study 
as a “JUUL customer online survey about JUUL 
vapor products, vaping and smoking.” Participants 
qualified only if they enrolled and completed the 
baseline survey within 7 days of a first JSK pur-
chase. Participants completed an informed consent 
form, which described the study as one “asking 
adults who have recently purchased a JUUL Starter 
Kit about their views and experiences of smoking 
cigarettes and using JUUL vapor products. We are 
looking to better understand the types of people 
who buy the JUUL Starter Kit, their reasons for us-
ing a JUUL, and what impact.” The consent form 
indicated that JUUL Labs was the sponsor of the 
study, which was being conducted by the Centre 
for Substance Use Research (CSUR), an indepen-
dent research firm. Participants were compensated 
USD30 for each survey.

Participants subsequently received emails invit-
ing them to complete follow-up assessments 1, 
2, 3, 6, 9, and 12 months after baseline. At each 
follow-up, respondents reported whether they had 
smoked in the past 30 days (even a puff). Those 

who indicated they had smoked were further 
asked: “Do you now smoke cigarettes… Every day, 
Some days, or Not at all.” Only those who said they 
were smoking every day or some days were asked 
on how many days of the last 30 they had smoked, 
and how many cigarettes they consumed (on aver-
age) on those smoking days. Accordingly, for those 
who indicated they were now not smoking at all, 
persons for whom many analyses considered to be 
abstinent (eg, Glasser et al),35 quantitative cigarette 
consumption data are missing. (Supplementary 
Material 1 uses data from PATH to provide some 
indication of their likely smoking behavior.)

A parallel set of questions assessed use of JUUL 
at each timepoint: any use (even a puff) in the past 
30 days, now using every day, some days, or not 
at all; for those using every day or some days, the 
number of days used in the past 30, and the num-
ber of “uses” on days used, assessed using a ques-
tion drawn from Foulds et al:36 “On average, on 
those days you used a JUUL, how many times did 
you usually use a JUUL each day? Assume that one 
‘time’ consists of around 15 puffs, or 10 minutes.”

Data Analysis
Summary statistics are presented for sociodemo-

graphic characteristics, and univariate differences 
between NS+E and NS-NE are tested. Multivari-
able generalized estimating equations (GEE) analy-
ses with sociodemographic and JUUL use variables 
as predictors estimated associations with the dichot-
omous response of past 30-day smoking at follow-
ups. GEE methods allow for participants to have 
different numbers of observations, and account for 
the nesting of multiple observations within par-
ticipants.37 The GEE models included a dummy 
variable for prior ENDS use, testing the difference 
between NS+E and NS-NE groups. Separate GEE 
models tested trends over time (linear and quadrat-
ic trends) in the prevalence of past-30 day smok-
ing and (separately) past-30-day use of JUUL. The 
study protocol specified assessing initiation among 
never smokers as a core study question, but, as this 
was considered a descriptive observational surveil-
lance study, did not specify particular hypotheses 
or particular analyses. Tests were 2-tailed at alpha 
of .05.

The percent that reported past-30-day smoking 
at each follow-up was calculated, as was the per-
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cent that reported smoking at one or more of the 
follow-ups. To capture a pattern of prevalence that 
may indicate continuing smoking, the percent of 
respondents that reported smoking at both the 9- 
and 12- month assessments (possibly suggestive of 
persistent smoking up to the end of the 12-month 
observation period) is also reported. (Participants 
smoking for at least one observation were classified 
as such, even if the other observation was missing.)

Among those who reported past-30-day smok-
ing, tables present the percentage that reported 
they were now smoking “not at all” or “every day/
some days,” respectively. For those smoking every 
day/some days, tables show the mean number of 
days smoked in the past 30 days and the average 
cigarettes per day (CPD). Cigarette consumption 
data were not collected from those reporting now 
smoking not at all. Analyses of data from PATH 
(Supplementary Material 1) show that previous-
Wave never smokers with this response pattern are 
likely to be smoking little, and have typically not 
smoked in the past week. Similar data are shown 
for JUUL use reported in the past 30 days at each 
follow-up.

The primary analyses use all available data (in-
cluding respondents who did not complete all fol-
low-ups). Supplemental analyses (Supplementary 
Material 2) consider complete cases, which have 
some advantages: maximizing the number of ob-
servations for each individual, allowing for count-
ing the number of follow-ups at which smoking is 
reported, and allowing for tallying of smoking at 
consecutive follow-ups, as distinct from reports of 
smoking that are followed by reports of abstinence.

Analyses were conducted using SAS® software, 
Version 9.4 of the SAS System for Windows 10 
Server.

RESULTS
Table 1 shows the demographic characteristics of 

the never smokers (stratified by ENDS use history). 
The sample averaged 24 years of age, and consisted 
predominantly of young adults, with almost 80% 
being 21-24 years old; those who had previously 
used ENDS were more likely to be 21-24 year old 
than those who had not (85% vs 63%). The sample 
was predominantly non-Hispanic white, but with 
representation of other ethnic backgrounds, in-
cluding individuals identifying as Hispanic (15%). 

The largest fraction (41%) had not attended col-
lege, and most (86%) had never married.

Table 2 shows the relationship between these de-
mographic variables and any past-30-day smoking 
at follow-up assessments. After adjustment for oth-
er variables, women were less likely to smoke than 
men (OR = 0.74), and older participants more 
likely to smoke (OR = 1.02 per year). The odds of 
past-30-day smoking increased slightly over time; 
the prevalence increased by 2.0-2.5% from Month 
1 to Month 12.

Participants who used JUUL more frequently 
were less likely to smoke; the odds of smoking de-
clined by 1% for every additional day per month 
JUUL was used. There was no effect of reported 
JUUL use sessions per day.

After adjusting for demographic differences (Ta-
ble 1), those who had not previously used ENDS 
(NS-NE) had a higher likelihood of reporting past-
30-day smoking during follow-ups, with a 53% 
higher odds of smoking than the prior ENDS-users 
(NS+E). Subsequent analyses examine these groups 
separately.

Never Smokers Who Had Previously Used 
ENDS (NS+E)

Table 3 (top panel) shows the prevalence among 
NS+E of past-30-day smoking at each follow-up, 
which increased by 2.6% over the year, from 5.0% 
at month 1 to 7.6% at month 12. Analysis indi-
cated that the odds of smoking increased by 5% of 
the prior months’ odds (OR = 1.05 [1.03,1.07]), 
though this decreased over time (quadratic effects, 
p < .005). Overall, 18.9% of the NS+E reported 
past-30-day smoking during at least one follow-up 
assessment. Reports of smoking at both 9 months 
and 12 months, an indicator of possible continuing 
or persistent smoking at the end of the observation 
period, occurred in 1.62% of NS+E.

Further analyses (Table 3) documented how 
much those reporting past-30-day smoking were 
smoking at each of the follow-ups. The table shows 
the percentage of past-30-day smokers who re-
ported they were now smoking “not at all” and the 
percentage who responded either “every day” or 
“some days.” For the latter groups only (the “not 
at all” group was not asked), the table also shows 
how often (days per month) and how much (ciga-
rettes per day) they reported smoking in the pre-



Shiffman et al

Am J Health Behav.™ 2021;45(3):527-545 531 DOI:  doi.org/10.5993/AJHB.45.3.8

Table 1
Baseline Sociodemographic Characteristics, Stratified by Prior ENDS Use

Ever Used ENDSa

Mean (SD) or %
Never Used ENDSb

Mean (SD) or %
Totalc

Mean (SD) or %

Sociodemographic Characteristics (N = 2848) (N = 1005) (N = 3853)

Age (Mean, [SD]) 23.32 (5.52) 26.47 (8.59) 24.14 (6.61)
   Strata (%)
 21 to 24 84.94 63.28 79.29
 25 to 29 7.51 15.42 9.58
 30 to 39 3.79 12.14 5.97
 40 or older 3.76 9.15 5.16
Sex (%)
   Male 62.86 70.44 64.84
   Female 36.72 27.96 34.43
   Transgender 0.42 1.60 0.73
Race/Ethnicity (%)
   Non-Hispanic White 68.00 60.72 66.12
   Non-Hispanic Black 6.51 7.44 6.75
   Non-Hispanic Asian 5.48 11.05 6.92
   Non-Hispanic Othere 5.67 4.49 5.36
   Hispanic Ethnicity 14.35 16.30 14.85
Marital Status (%)
   Married 6.06 17.42 8.98
   Divorced, Separated or Widowed 3.52 7.45 4.53
   Never Married 90.42 75.13 86.50
Education (%)
   High school graduate or less 42.13 39.25 41.41
   Some college or associate degree 41.85 35.24 40.21
   Bachelor’s degree or more 16.02 25.52 18.38
Annual Household Income (%)
   Less than USD 50,000 57.97 62.87 59.17
   USD 50,000-USD 100,000 21.39 18.70 20.73
   Greater than USD 100,000 20.64 18.43 20.10

Note. 
Except for income, all variables differed between groups at p < .001
Abbreviations: ENDS = Electronic Nicotine Delivery System; SD = Standard Deviation
Ns varied due to missing data; Ns available for sociodemographic characteristics:
Age: Ever ENDS N = 2848; Never ENDS N = 1005
Sex: Ever ENDS N = 2827; Never ENDS N = 998
Race/Ethnicity: Ever ENDS N = 2628; Never ENDS N = 914
Marital Status: Ever ENDS N = 2757; Never ENDS N = 953
Education: Ever ENDS N = 2485; Never ENDS N = 823
Income: Ever ENDS N = 2277; Never ENDS N = 738
a Ever Used ENDS were those who reported having never smoked and having ever used any ENDS product at baseline.
b Never Used ENDS were those who reported having never smoked and having never used any ENDS product at baseline.
c Total included Ever ENDS Users and Never ENDS Users who provided data.
d Non-Hispanic Asian included: Asian Indian, Chinese, Filipino, Japanese, Korean, Vietnamese, or Other Asian.
e Non-Hispanic Other included: American Indian or Alaskan Native, Native Hawaiian, Guamanian or Chamorro, 
  Samoan, or Other Pacific Islander (or 2 or more races).
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Table 2
Generalized Estimating Equation Models Assessing the Outcome of Any Past 30-day Smoking 

Over the 12-month Period

Regressors Univariate Models
OR (95% CI)

Multivariable  
Fully Adjusted Model

OR (95% CI)a

Sociodemographic Characteristics

Age 1.03 (1.01, 1.04)*** 1.02 (1.002, 1.03)*

Sex

   Male Ref Ref

   Female 0.72 (0.58, 0.88)** 0.74 (0.60, 0.91)**

   Transgender 1.38 (0.64, 3.00) 0.98 (0.43, 2.26)

Race/Ethnicity

   Non-Hispanic White Ref Ref

   Non-Hispanic Black 0.99 (0.66, 1.5) 0.96 (0.63, 1.45)

   Non-Hispanic Asian 1.54 (1.10, 2.15)* 1.34 (0.96, 1.87)

   Non-Hispanic Other 1.24 (0.85, 1.81) 1.29 (0.89, 1.86)

   Hispanic Ethnicity 1.17 (0.91, 1.52) 1.10 (0.85, 1.43)

Marital Status

   Married Ref Ref

   Divorced, Separated or Widowed 1.32 (0.83, 2.09) 1.36 (0.84, 2.21)

   Never Married 0.67 (0.49, 0.92)* 0.90 (0.63, 1.27)

Education

   High School Graduate or Less Ref Ref

   Some College 0.83 (0.67, 1.01) 0.86 (0.70, 1.06)

   Bachelor’s Degree or More 1.12 (0.86, 1.45) 0.99 (0.76, 1.29)

Time-Varying Effects

JUUL Use Frequency and Quantity

   # Days Used JUUL in Past 30 Days 0.99 (0.98, 0.996)** 0.99 (0.98, 0.997)**

   # Times Used JUUL per Day 1.00 (0.99, 1.01) 1.00 (0.996, 1.01)

   Time Effect, Months (linear)b 1.04 (1.03, 1.06)*** 1.04 (1.02, 1.06)***

Prior ENDS Use
   Ever Used ENDS Ref Ref
   Never Used ENDS 1.77 (1.45, 2.16)*** 1.53 (1.23, 1.89)***

* p < .05;  ** p < .01;  *** p < .001

Note. 
Fully adjusted model: N = 3015 participants, 12,403 observations. Participants with missing covariates excluded.
Abbreviations: ENDS = Electronic Nicotine Delivery System; OR = Odds Ratio; CI=Confidence Interval
a Adjusted for baseline sociodemographic (age, sex, race/ethnicity, marital status and education), JUUL use frequency 
  and quantity.
b Time was coded as a continuous variable, in months. A quadratic time term was significant (p < .05) when tested in 
  a separate model.
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ceding 30 days. Across follow-ups, approximately 
one-third to one-half of those who reported past-
30-day smoking at any given follow-up indicated 

they were now smoking “not at all.” Among the 
remaining past-30-day smokers, days per month 
ranged from 12 at month 1 to 10 at month 12, and 

Table 3
Smoking Outcomes at Each Follow-up Assessment, by Prior ENDS Usea

Follow-Up Assessment
% P30D 

Smokingd

%

% of P30D
Now Smoking

Not at Alle,f

%

Now Smoking Every Day or Some Days

% of P30D Now 
Smoking Every or 

Some Dayse,g

% 

Cigarette Consumption in Those 
Smoking Every Day or Some Daysh

# Days Smoked
in P30Di

Mean (SD) 

CPD in P30Dj

Mean (SD)

Ever Used ENDSb

   Month 1- N = 2035 5.01 47.83 52.17 11.96 (10.76) 3.51 (6.30)

   Month 2 - N = 2115 6.05 49.04 50.96 10.50 (10.29) 2.62 (5.36)

   Month 3 - N = 2104 6.42 43.12 56.88 11.15 (10.17) 2.78 (5.43)

   Month 6 - N = 1891 7.30 40.98 59.02 9.06 (9.46) 1.93 (5.01)

   Month 9 - N = 1971 7.46 35.07 64.93 7.93 (8.83) 1.66 (4.88)

   Month 12 - N = 1971 7.56 33.83 66.17 9.56 (9.75) 2.24 (5.42)

Never Used ENDSc

   Month 1 - N = 753 10.23 25.71 74.29 10.35 (9.94) 2.28 (4.45)

   Month 2 - N = 750 9.60 24.62 75.38 11.02 (9.60) 2.45 (4.03) 

   Month 3 - N = 778 10.54 26.03 73.97 11.69 (10.40) 2.03 (2.97)

   Month 6 - N = 696 10.78 25.00 75.00 10.71 (10.20) 2.32 (3.87)

   Month 9 - N = 693 11.54 31.51 68.49 13.86 (10.68) 3.12 (5.57)

   Month 12  -N = 672 12.35 27.40 72.60 10.69 (10.86) 2.72 (4.88)

Note. 
Abbreviations: ENDS = Electronic Nicotine Delivery System; P30D = Past 30-Day; SD = Standard Deviation; CPD = 
Cigarettes Per Day
Ns shown represent the available Ns for the P30D smoked survey item.
Available Ns varied for particular measures because of survey item skip logic and missing data.
Ns range for those asked “Do you now smoke cigarettes…”: Ever ENDS N = 92 to N = 134; Never ENDS N = 65 to N = 
73
Ns range for # Days Smoked and CPD in P30D: Ever ENDS N = 45 to N = 86; Never ENDS N = 48 to N = 52
a Sample included all who provided past 30-day smoking data at the relevant follow-up assessment.
b Ever Used ENDS were those who reported having never smoked and having ever used any ENDS product at baseline.
c Never Used ENDS were those who reported having never smoked and having never used any ENDS product at 
  baseline.
d % of participants who responded “yes” to “In the past 30 days, have you smoked a cigarette, even one or 2 puffs?”
e Those who responded “yes” to “In the past 30 days, have you smoked a cigarette, even one or 2 puffs?” were asked “Do
  you now smoke cigarettes…Every day/Some days/Not at all.” 
f % of past 30-day smokers who responded “Not at all” to “Do you now smoke cigarettes …”. 
g % of past 30-day smokers who responded “Every day” or “Some days” to “Do you now smoke cigarettes …”
h Those who indicated now smoking “Not at all” were not asked how many days they had smoked or how many 
  cigarettes they had smoked on those days. Thus the data on days smoked and cigarettes per day are from the subset 
  who indicated they were now smoking “Every day” or “Some days”, and provided data.
i # days smoked in past 30 days = “On how many of the past 30 days did you smoke cigarettes?” 
j CPD in past 30 days = “On average, on those days you smoked, how cigarettes did you usually smoke each day? A 
  pack usually has 20 cigarettes in it.” [CPD*number of smoking days in past 30 days]/30.
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Table 4
JUUL Use at Each Follow-up Assessment, Stratified by Prior ENDS Usea

Never Smokers

Follow-Up Assessment

% P30D
JUUL 
Usersd

%

% of P30D
Now Using 

JUUL
Not at Alle,f

%

Now Using JUUL Every Day or Some Days

% of P30D Now 
Using JUUL Every 

or Some Dayse,g

% 

JUUL Use Frequency in Those Using 
JUUL Every Day or Some Daysh

# Days Used 
JUULin P30Di

Mean (SD)

# of JUUL Sessions 
per Day in P30Dj

Mean (SD)

Ever Used ENDSb

   Month 1 - N = 2060 95.19 2.50 97.50 20.60 (9.26) 9.78 (12.32)

   Month 2 - N = 2141 92.01 2.74 97.26 20.12 (9.75) 9.42 (11.61)

   Month 3 - N = 2147 89.52 2.91 97.09 19.42 (10.26) 9.23 (11.15)

   Month 6 - N = 1924 86.80 4.13 95.87 19.28 (10.12) 9.73 (11.61)

   Month 9 - N = 2006 85.39 3.97 96.03 19.21 (10.18) 9.44 (11.14)

   Month 12 - N = 2009 82.58 4.10 95.90 18.49 (10.34) 9.30 (10.83)

Never Used ENDSc

   Month 1 - N = 766 86.42 2.27 97.73 19.82 (9.69) 9.76 (10.60)

   Month 2 - N = 765 82.88 2.68 97.32 19.03 (10.30) 9.21 (11.94)

   Month 3 - N = 792 81.69 1.85 98.15 19.32 (10.31) 9.61 (11.67)

   Month 6 - N = 706 81.73 2.25 97.75 19.25 (10.18) 10.07 (12.15)

   Month 9 - N = 713 81.07 2.08 97.92 19.05 (10.49) 9.39 (11.66)

   Month 12 - N = 698 80.37 3.03 96.97 19.04 (10.48) 9.07 (10.70)

Note.
Abbreviations: ENDS = Electronic Nicotine Delivery System; P30D = Past 30-Day; JUUL = JUUL System; SD = 
Standard Deviation
Ns shown represent the available ns for the P30D JUUL System use survey item.
Available Ns varied for particular measures because of survey item skip logic and missing data.
Ns range for those asked “Do you now use a JUUL…”: Ever ENDS N = 1659 to N = 1970; Never ENDS N = 561 to N = 
662
Ns range for # Days Used JUUL and # of JUUL Sessions in P30D: Ever ENDS N = 1539 to N = 1880; Never ENDS N = 
511 to N = 629
a Sample included all who provided past 30-day JUUL System use data at the relevant follow-up assessment.
b Ever Used ENDS were those who reported having never smoked and having ever used any ENDS product at baseline.
c Never Used ENDS were those who reported having never smoked and having never used any ENDS product at baseline.
d % of past 30-day JUUL Users were those who responded “yes” to “Have you used a JUUL in the past 30 days, even one 
  or 2 puffs?”
e Those who responded “yes” to “Have you used a JUUL in the past 30 days, even one or 2 puffs?” were asked “Do you 
  now use a JUUL…Every day/Some days/Not at all.” 
f % of past 30-day JUUL Users who responded “Not at all” to “Do you now use a JUUL…”
g % of past 30-day JUUL Users who responded “Every day” or “Some days” to “Do you now use a JUUL…”
h Those who indicated now using a JUUL “Not at all” were not asked how many days they had use a JUUL or how times 
  they had used a JUUL on those days. Thus, the data on days used a JUUL and JUUL sessions per day are from the 
  subset who indicated they were now using a JUUL “Every day” or “Some days,” and provided data.
i # Days Used JUUL in P30D = “On how many of the past 30 days did you use a JUUL?” 
j # of JUUL Sessions/Day = “On average, on those days you used a JUUL, how many times did you usually use a JUUL 
  each day? Assume that one “time” consists of around 15 puffs, or 10 minutes.”
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cigarettes per day (CPD) ranged from 3.5 CPD at 
month 1 to 2.2 at month 12.

Table 4 shows NS+E respondents’ reports of 
past-30-day JUUL use over time. Almost all NS+E 
(95%) were using JUUL at month 1, and this de-
clined over time, with the odds of JUUL use de-
clining by 9% per month (linear OR = 0.91, 95% 
CI 0.90, 0.93), reaching 83% at month 12. The de-
cline was steeper at first, and then slowed (quadrat-
ic effect p < .001). Almost all past-30-day JUUL 
users said they used JUUL every day or some days 
(vs “not at all”), with days per month ranging from 
21 days at month 1 to 18 days at month 12, and 
uses per day ranging from 9.8 at month 1 to 9.3 at 
month 12.

Never Smokers Who Had Also Never Used 
ENDS (NS-NE)

Table 3 (bottom panel) shows the prevalence of 
past-30-day smoking at each follow-up, which in-
creased by 2% over the year, from 10% at month 
1 to 12% at month 12 among NS-NE. Analysis 
indicated that the odds of smoking increased each 
month by 3% of the prior months’ odds (OR = 1.03 
[1.01,1.06]). Overall, 26.5% of NS-NE reported 
past-30-day smoking during at least one follow-up 
assessment. A total of 3.6% reported past-30-day 
smoking at both 9 months and 12 months.

Across follow-ups, approximately one-fourth 
(25%-32%) of the NS-NE who reported they had 
smoked in the preceding 30 days then reported 
they were now smoking “not at all.” Among those 
who reported smoking every day or some days, the 
average days per month smoked ranged from 10 
days at month 1 to 11 days at month 12, and mean 
CPD day ranged roughly between 2 to 3 cigarettes 
per day.

Table 4 shows the reported use of JUUL across 
follow-ups among NS-NE. At each follow-up, 
substantial majorities (> 80%) of NS-NE report-
ed past-30-day JUUL use. The proportion using 
JUUL declined over time from 86% to 80%, with 
the odds of JUUL use declining by 3% per month 
(linear OR = 0.97, 95% CI 0.95, 0.99). The de-
cline was steeper at first, and then slowed (quadrat-
ic effect p < .04). Among those using JUUL every 
day or some days, the average use was 19 to 20 days 
per month, and 9 to 10 uses per day.
Complete-Case Analyses

Data from the subset of participants who pro-
vided data at all follow-ups (N = 915, 32% of the 
NS+E sample; N = 342, 34% of NS-NE) were 
analyzed in a similar fashion (Supplementary Ma-
terial 2). Among NS+E, 20.4% reported smoking 
during at least one follow-up; only 1.3% reported 
smoking at the majority of follow-ups (4 or more). 
About one-fourth (27.3%) of those who reported 
any smoking during the study period ever reported 
smoking at any 2 consecutive follow-ups. Past-30-
day smoking increased slightly by 1.8% between 
Month 1 and Month 12. Altogether 2.1% of the 
complete-case sample reported smoking at both 
the 9 and 12-month follow-ups.

Among NS-NE, 30.4% reported smoking dur-
ing at least one follow-up; 4.7% reported smok-
ing at the majority of follow-ups (4 or more). A 
little more than one-third (35.58%) of those who 
reported any smoking during the study period re-
ported smoking at any 2 consecutive follow-ups. 
Past-30-day smoking increased slightly by 4.1% 
between Month 1 and Month 12. Altogether 5.0% 
of the complete-case sample reported smoking at 
both the 9 and 12-month follow-ups.

DISCUSSION
In this study, we examined in detail the occur-

rence of cigarette smoking in a sample of individu-
als who reported having never smoked a cigarette 
at the time they purchased a JSK and were followed 
for up to a year. The majority of these never smok-
ers were young adults, consistent with prevalence 
data indicating that young adults – including never 
smokers – are more likely to use ENDS, including 
JUUL, than are older adults.14,38

Distinguishing never smokers according to their 
prior ENDS use proved to be instructive. In this 
sample, almost ¾ of the never smokers who pur-
chased a JSK had already previously used ENDS. 
About one in 5 in this group reported some past-
30-day smoking (even a puff) during the year after 
a JSK purchase. The observed patterns of smoking 
appeared to be light and intermittent.39-41 Even 
when they reported having smoked in the past 30 
days, one-third to one-half reported now smoking 
“not at all,” a pattern that PATH data reveal to be 
associated with light smoking and with 7-day absti-
nence (Supplementary Material 1). Among those 
who did not give this “not at all” response, respon-
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dents reported smoking on 10-12 days per month, 
on average, and averaging 2-4 cigarettes per day.

Similarly, light and intermittent smoking was ob-
served among those who had not previously used 
ENDS – 10%-12% who reported past-30-day 
smoking at follow-ups. In this cohort, 30% report-
ed past-30-day smoking at one or more follow-ups 
– most at only one follow-up (53% in the com-
plete-case series). When they did report smoking, 
one-fourth or more indicated they were now smok-
ing “not at all,” and the rest reported smoking, on 
average, 10-14 days per month, and consuming an 
average of 2-3 cigarettes per day.

Thus, in both groups, the reported patterns 
of smoking were light and intermittent, and not 
suggestive of continuing smoking. If substantial 
portions of respondents were taking up ongoing 
smoking, the 30-day prevalence of smoking would 
rise steeply, because each timepoint would include 
those who initiated at previous follow-ups and 
continued to smoke, as well as new initiates. In 
contrast, the data show that the point-prevalence 
numbers increased just 2%-3% over the 12 months 
of observation, and less than 5% of the sample re-
ported smoking at both the 9- and 12-month as-
sessments, which might have indicated continuing 
smoking. Among those reporting smoking at the 
last observation at 12 months, one-fourth to one-
third reported that they were now smoking “not 
at all,” and those who did report smoking (every 
day or some days) reported smoking infrequently. 
Nevertheless, any smoking is of concern. Longer 
follow-ups would be useful for ascertaining the 
eventual trajectory of smoking in these groups.

On all measures included in this study, never 
smokers who had previously used ENDS were less 
likely to smoke. Across all follow-ups, they had 
35% lower odds of smoking (inverse of the 1.53 
odds ratio). It is likely that this difference is not 
causal, but reflects the historical trajectories that 
define these 2 never smoker groups. As there is an 
association between ENDS and smoking (causal 
or otherwise)11,42-44 some never smokers who used 
ENDS may have already initiated smoking, but 
these smoking initiators would not be included in 
the present sample, which is limited to those who 
denied any smoking. Thus, the never smoking pri-
or-ENDS-users who had not already smoked, and 
were in this sample, represent those with relatively 

lower predisposition to smoke, leading to the ob-
servation of relatively lower incidence of smoking 
in this group. This explanation is compatible with 
the finding in Prakash et al45 that regular use of 
other ENDS at the time of the JSK purchase itself 
made no difference in 12-month smoking status.

This differential based on prior ENDS use is also 
important in considering comparisons to other 
studies of ENDS use in never smokers. Those stud-
ies typically follow a sample that at baseline is al-
ready using ENDS, but has never smoked.8,9,16,21,33 
In that sense, they are closest to the NS+E sample 
in the present analyses. In the study most closely 
paralleling the measures used in the present NS+E 
analyses, McMillen et al,16 analyzing a sample us-
ing ENDS (past-30-day use) at Wave 1 of PATH, 
found that 7% reported past-30-day smoking a 
year later, close to the 7.6% observed in the pres-
ent study. In samples of young adults, regardless of 
ENDS use, Perry et al19 report smoking initiation 
rates of 3%-10% over 12 to 18 months.

However, comparisons to prior studies are diffi-
cult, because of differences in definitions of both 
the starting population and the subsequent out-
come. Comparisons are also difficult because AD-
JUSST is unique in focusing on individuals based 
on a product purchase, rather than any use. A pur-
chase likely reflects a greater engagement in ENDS 
use, as illustrated by the substantial persistence of 
JUUL use over the period. Indeed, PATH data 
show that device ownership is associated with more 
frequent use and persistent use of ENDS,46 which 
also may be correlated with common factors47 and 
a greater propensity to smoke.11,42,48

The present study did not include a compari-
son group of never smokers who were not using 
ENDS, whereas other observational studies with 
such comparison groups sought to make inferences 
about the role of ENDS in subsequent smoking by 
comparing the 2 groups, while trying to control for 
confounding factors. Lee and Fry43 and Khouja et 
al44 critique this approach. Besides lacking such a 
comparison group, the present study also lacked 
measures of common factors that might explain 
smoking among JUUL users.12

However, variations in frequency of ENDS use 
may provide some insights into the role of ENDS, 
even within a sample of users.8,31-33,49,50 In this 
sample, more frequent use of JUUL was associated 
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with a significantly lower likelihood of smoking. 
The odds of smoking declined by 1% for each addi-
tional day of JUUL use, which would suggest that a 
daily user would have 30% lower odds of smoking 
(1% x 30) than a once-a-month user. This inverse 
dose-response suggests that JUUL use was not a 
causal factor in subsequent smoking, and may be 
more consistent with a “diversion” effect in which 
use of ENDS may divert susceptible individuals 
away from smoking.51-53 Studies of different design 
will be needed to address this association better.

In this study, high prevalence of JUUL use was 
seen over the 12 months of observation, although 
it declined over time in both groups of never smok-
ers. Longer follow-up would be needed to assess 
whether that trend continues. Predominant ma-
jorities of the respondents reported using JUUL 
out to 12 months, with average use on 20 of the 
preceding 30 days. Participants had purchased 
a JSK, which implies a substantial engagement 
with JUUL, as distinct from the more-commonly 
studied populations of “users” defined by any past-
30-day use, which may reflect trial rather than 
substantial engagement in ENDS use. PATH data 
show that purchase of an ENDS device is associ-
ated with greater and longer use.46

Among those using JUUL every day or some 
days, uses per day averaged 9 to 10 uses per day, 
where a “use” was defined as use for about 10 min-
utes, or 15 puffs. A “use,” defined in this way, is not 
equivalent to a cigarette, as pharmacokinetic data 
show that on a puff-for-puff basis, JUUL delivers 
considerably less nicotine than a cigarette.54 No 
measure of within-day amount of use of ENDS, 
including that used in this study, has been defini-
tively validated,36,55,56 which may be why the mea-
sure of uses-per-day was unrelated to the risk of 
smoking, even as greater use-days-per-month was 
associated with lower risk of smoking.

In any case, the never smokers in this sample 
were engaged in ongoing use of JUUL over a sub-
stantial time period. Even though the health risks 
associated with ENDS are likely to be much lower 
than those of smoking,3,4 ENDS use carries the 
risks associated with nicotine use57,58 and possibly 
other risks associated with inhalation of other aero-
sol constituents.58-60 Thus, use of JUUL or other 
ENDS exposes non-smokers to new risks, and is 
a concern. It has been suggested that if ENDS use 

diverts never smokers from taking up smoking, 
that could be a favorable risk trade-off (ie, harm 
reduction).51-53 The potential adverse effects of use 
of ENDS by never smokers – both due to direct 
harms and considering the potential for progression 
to smoking – is considered in population models 
that conclude that the overall effect on population 
health is positive.61 However, at an individual level 
it is not known who may be headed to initiation of 
smoking in the absence of ENDS. Accordingly, use 
of ENDS by never smokers should be discouraged.

Limitations and Strengths
The findings should be interpreted in light of the 

study’s limitations. One of the most important is 
that the participants’ history and/or current use of 
other tobacco products was not assessed. Use of 
other (non-ENDS) tobacco products is associated 
with subsequent smoking, to a much greater extent 
than ENDS use is.22 Use of other tobacco products 
is associated with subsequent smoking,22,62-65 and 
poly-use is common among ENDS users,66 so it is 
likely that some of the sample was already using 
other tobacco products, but it is not known how 
many, or the extent to which that might account 
for their subsequent smoking.

As typical of surveys, the data are based on self-
report, which may be subject to inaccuracy or bias. 
Consistent with other studies tracking smoking 
trajectories of ENDS users in PATH67-69 and other 
surveys,70-72 self-reports of smoking were not subject 
to biochemical verification. Importantly, unlike in 
treatment studies, no objective of smoking cessation 
was set, which should minimize acquiescence or so-
cial desirability biases. As in other studies, partici-
pants were volunteers who agreed to participate and 
be followed, and may not be representative of all 
never smokers who purchase a JSK. Furthermore, 
Rodu and Plurphanswat46 found that some never 
smokers using ENDS did not own a device, so the 
sample is not representative of all never smokers 
who used ENDS. The sample consisted of adults 
21 and older, the population that is now legally per-
mitted to purchase ENDS such as JUUL, and may 
not represent the experience of underage users.

As in all longitudinal surveys, some enrollees 
missed some or all of the follow-up assessments 
(eg, an International Tobacco Control survey73 lost 
63% of respondents at the second follow-up), and 
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this can raise concern about whether participants 
might have smoked during those missing time pe-
riods. However, analyses showing that respondents 
and non-respondents had similar baseline profiles, 
and a finding that non-respondents rarely said they 
stopped responding because they had started smok-
ing, suggest potential for bias would have been lim-
ited.34 Nevertheless, the potential for bias due to 
non-response needs to be considered.

The sample for the study consisted entirely of 
people who purchased a JSK. There was no oppor-
tunity to contrast their behavior to others who did 
not purchase or use JUUL, which limits the infer-
ences that can be made about the role of JUUL 
use in the observed instances of smoking. More-
over, individuals who self-select to purchase and 
use JUUL likely differ from the larger population 
of never smokers, including in characteristics asso-
ciated with the risk of smoking.11,12,43,48,74 It is not 
known how many of the participants might have 
smoked even if they had not adopted JUUL use. 
Studies that follow both users and non-users, and 
that assess predisposition to smoke, are better po-
sitioned to address such questions. Longer follow-
ups that assess behavior over more than one year 
would also be useful.

The study participants had purchased a JSK, and 
thus, did not include or represent individuals who 
may have engaged in more casual use of JUUL. In 
that sense, this was a study of never smokers who 
made a substantial commitment to using JUUL, 
and in fact made substantial use of JUUL, and 
thus, represents the smoking behavior that oc-
curred with such substantial use, and may not re-
flect what would be seen with more casual use.

The study also had a number of strengths. It 
included a large sample of never smokers using 
ENDS, and implemented multiple assessments 
over the course of 12 months, documenting pat-
terns of smoking and JUUL use over time. The 
study also was able to characterize the frequency 
and quantity of smoking and of JUUL use, allow-
ing for more detailed characterization of behavior. 
Further analyses examining trajectories of smoking 
and JUUL use in more detail would be useful.

Conclusions
In summary, our results showed that in a group 

of never smokers who self-selected to purchase a 

JUUL Starter Kit, some smoking occurred over the 
following 12 months, with patterns suggesting the 
smoking was light and intermittent. In this sample 
of purchasers, most participants engaged in JUUL 
use over the 12 months studied. More frequent 
JUUL use was associated with a modestly reduced 
risk of smoking.
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SUPPLEMENTARY MATERIAL 1

Insights from PATH on Smoking Patterns in Year-Ago Never Smokers Who Say They Smoked in 
the Preceding 30 Days, but Say They Now Smoke “Not At All”

In the ADJUSST study, respondents who said they smoked in the past 30 days, but then said they now 
smoke “not at all” were not asked how many days they had smoked or how many cigarettes per day, and 
thus, did not contribute to the calculations of the sample’s cigarette consumption at follow-up assessments. 
To gain insight into the smoking behavior of respondents who showed this response pattern, we turned 
to the Population Assessment of Tobacco and Health (PATH) study,1 which also asked both smoking-
status questions (past-30-day smoking and now smoking every day, some days, or not at all), but did not 
use them to skip over further questions about frequency and quantity of smoking. Whereas analyses of 
PATH often considered those who said they now do not smoke at all as non-smokers,2 the survey actually 
collected data about their past-30-day smoking; they were asked how many days in the past 30 days they 
smoked and how many cigarettes they smoked, as well as being asked how long ago they had last smoked.

Thus, PATH provides data on the smoking behavior of these past-30-day but not-at-all (P30D-NAA) 
responders. To approximate the present sample who started the study as never smokers, we focused on 
PATH respondents who reported being never smokers at Wave 3, and who responded with P30D-NAA 
response patterns in Wave 4.

The table below shows the Wave 4 data reported by 72 such respondents. These year-ago never smokers 
with theP30D-NAA pattern reported smoking only 1.5 days per month, averaging 0.1 cigarettes per day. 
Only about one in 6 reported having smoked in the preceding 7 days.

In sum, the PATH data strongly suggest that year-ago never smokers with a current P30D-NAA re-
sponse pattern (ie, reporting they smoked in the past 30 days, but reporting they now smoke not at all) 
are smoking little, smoking infrequently and smoking a modest number of cigarettes. The majority report 
7-day abstinence, suggesting they may consider themselves to have stopped smoking, which may help 
explain their ‘not at all’ response when asked to characterize their current smoking at Wave 4. In any case, 
these data from PATH, though on a different sample, across a longer interval than most of our paper’s as-
sessments, and based on relatively small samples, and not addressing ENDS use, shed some light on how 
to interpret the P30D-NAA response pattern.

Supplementary References
 1. Hyland A, Ambrose BK, Conway KP, et al. Design and methods of the Population Assessment of Tobacco and Health 

(PATH) study. Tob Control. 2017;26(4):371-378.
 2. Coleman B, Rostron B, Johnson SE, et al. Transitions in electronic cigarette use among adults in the Population Assessment 

of Tobacco and Health (PATH) study, Waves 1 and 2 (2013-2015). Tob Control. 2019;28(1):50-59.
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Table S1
Smoking Patterns Reported by Wave 3 Never Smokers in PATH Who at 

Wave 4 Indicated They Had Smoked in the Past 30 Days, but also Indicated 
They Now Smoked “Not at All” (N = 72)

Wave 4 Smoking Behavior (1 Yr Later) N Mean SD

Days smoked in the past 30 daysa 72 1.5 4.1

Overall CPDb 38 0.1 0.2

N %

% Report smoking past 7 days (%) 11 16.5

Note.
Abbreviations: CPD = cigarettes per day; N = sample size; SD = standard deviation; 
Yr = year
a Per PATH logic, respondents who indicated they smoked every day were assigned smoking 30 
  days out of 30.
b Cigarettes per day in the past 30 days calculated from past 30 day CPD on days smoked and 
  days smoked in the past 30 days. Missing for those who report smoking on zero days in the past 
  30 days.
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SUPPLEMENTARY MATERIAL 2

Table S2 
Smoking Outcomes at Each Follow-up Assessment, among Complete Cases,a 

Stratified by Prior ENDS Use

Follow-Up 
Assessment

% P30D 
Smokingd

%

% of P30D
Now Smoking

Not at Alle,f

%

Now Smoking Every Day or Some Days

% of P30D Now 
Smoking Every or 

Some Dayse,g

% 

Cigarette Consumption in Those 
Smoking Every Day or Some Daysh

# Days Smoked
in P30Di

Mean (SD) 

CPD in P30Dj

Mean (SD)

Ever Used ENDSb (N = 915)

Month 1 4.15 37.14 62.86 10.82 (11.92) 3.64 (7.73)

Month 2 5.46 52.38 47.62 9.74 (11.72) 2.41 (6.82)

Month 3 4.26 38.71 61.29 11.94 (10.04) 4.02 (8.03)

Month 6 6.67 49.12 50.88 11.59 (11.10) 2.66 (7.07)

Month 9 6.34 35.29 64.71 8.65 (10.04) 2.25 (7.29)

Month 12 6.01 44.68 55.32 11.62 (10.40) 2.24 (5.90)

Never Used ENDSc (N = 342)

Month 1 7.89 20.83 79.17 9.37 (10.16) 1.61 (2.80)

Month 2 9.06 15.38 84.62 12.14 (10.11) 2.88 (4.67)

Month 3 9.06 33.33 66.67 10.61 (9.73) 2.25 (3.31)

Month 6 10.82 33.33 66.67 10.25 (10.14) 2.35 (4.71)

Month 9 10.82 31.25 68.75 16.55 (11.42) 3.98 (6.75)

Month 12 11.99 34.29 65.71 12.82 (11.73) 3.91 (5.72)

Note. 
Abbreviations: ENDS = Electronic Nicotine Delivery System; P30D = Past 30-Day; SD = Standard Deviation; CPD = 
Cigarettes Per Day
Available Ns varied for particular measures because of survey item skip logic and missing data.
Ns range for those asked “Do you now smoke cigarettes…”: Ever ENDS N = 31 to N = 57; Never ENDS N = 24 to N = 35
Ns range for # Days Smoked and CPD in P30D: Ever ENDS N = 18 to N = 31; Never ENDS N = 17 to N = 22
a Sample included all who provided past 30-day smoking data at all 6 follow-up assessments.
b Ever Used ENDS were those who reported having never smoked and having ever used any ENDS product at baseline.
c Never Used ENDS were those who reported having never smoked and having never used any ENDS product at baseline.
d Percent (%) of participants who responded “yes” to “In the past 30 days, have you smoked a cigarette, even one or 
  two puffs?”
e Those who responded “yes” to “In the past 30 days, have you smoked a cigarette, even one or two puffs?” were asked
  “Do you now smoke cigarettes…Every day/Some days/Not at all.”
f % of past 30-day smokers who responded “Not at all” to “Do you now smoke cigarettes …”. 
g % of past 30-day smokers who responded “Every day” or “Some days” to “Do you now smoke cigarettes …”
h Those who indicated now smoking “Not at all” were not asked how many days they had smoked or how many 
  cigarettes they had smoked on those days. Thus the data on days smoked and cigarettes per day are from the subset 
  who indicated they were now smoking “Every day” or “Some days”, and provided data.
i # days smoked in past 30 days = “On how many of the past 30 days did you smoke cigarettes?” 
j CPD in past 30 days = “On average, on those days you smoked, how cigarettes did you usually smoke each day? A
  pack usually has 20 cigarettes in it.”; [CPD*number of smoking days in past 30 days]/30.
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Table S3
JUUL Use at Each Follow-up Assessment, among Complete Cases,a 

Stratified by Prior ENDS Use

Follow-Up 
Assessment

% P30D
JS Usersd

%

% of P30D
Now Using JS

Not at Alle,f

%

Now Using JS Every Day or Some Days

% of P30D Now 
Using JS Every or 

Some Dayse,g

% 

JS Use Frequency in Those Using 
JS Every Day or Some Daysh

# Days Used JS
in P30Di

Mean (SD)

# of JS Sessions
per Day in P30Dj

Mean (SD)

Ever Used ENDSb (N = 915)

Month 1 95.41 3.09 96.91 20.30 (9.07) 9.35 (12.13)

Month 2 92.13 2.25 97.75 19.84 (9.72) 9.04 (11.57)

Month 3 89.29 2.57 97.43 19.29 (10.05) 9.00 (10.72)

Month 6 87.76 3.74 96.26 19.02 (10.00) 8.96 (11.13)

Month 9 86.45 2.40 97.60 18.64 (10.29) 8.56 (10.49)

Month 12 83.39 2.23 97.77 18.35 (10.27) 9.13 (11.21)

Never Used ENDSc (N = 342)

Month 1 84.21 2.78 97.22 19.99 (9.48) 9.81 (10.12)

Month 2 82.46 2.48 97.52 19.01 (10.14) 9.03 (11.92)

Month 3 82.46 1.77 98.23 18.74 (10.27) 8.44 (10.27)

Month 6 78.65 1.86 98.14 19.88 (9.74) 10.23 (12.04)

Month 9 80.70 2.90 97.10 18.85 (10.59) 8.74 (9.07)

Month 12 78.36 3.73 96.27 18.96 (10.36) 8.71 (9.53)

Note.
Abbreviations: ENDS = Electronic Nicotine Delivery System; P30D = Past 30-Day; JS = JUUL System; SD = Standard 
Deviation
Available ns varied for particular measures because of survey item skip logic and missing data.
Ns range for those asked “Do you now use a JUUL…”: Ever ENDS N = 763 to N = 873; Never ENDS N = 268 to N = 288
Ns range for # Days Used JS and # of JS Sessions in P30D: Ever ENDS N = 727 to N = 839; Never ENDS N = 247 to N = 
276
a Sample included all who provided past 30-day smoking data at all 6 follow-up assessments.
b Ever Used ENDS were those who reported having never smoked and having ever used any ENDS product at baseline.
c Never Used ENDS were those who reported having never smoked and having never used any ENDS product at baseline.
d % of past 30-day JS Users were those who responded “yes” to “Have you used a JUUL in the past 30 days, even one 
  or two puffs?”
e Those who responded “yes” to “Have you used a JUUL in the past 30 days, even one or two puffs?” were asked “Do 
  you now use a JUUL…Every day/Some days/Not at all.” 
f % of past 30-day JS Users who responded “Not at all” to “Do you now use a JUUL…”
g % of past 30-day JS Users who responded “Every day” or “Some days” to “Do you now use a JUUL…”
h Those who indicated now using a JUUL “Not at all” were not asked how many days they had use a JUUL or how times 
  they had used a JUUL on those days. Thus, the data on days used a JUUL and JUUL sessions per day are from the 
  subset who indicated they were now using a JUUL “Every day” or “Some days”, and provided data.
i # Days Used JS in P30D = “On how many of the past 30 days did you use a JUUL?” 
j # of JUUL Sessions/Day = “On average, on those days you used a JUUL, how many times did you usually use a JUUL 
  each day? Assume that one “time” consists of around 15 puffs, or 10 minutes.”
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The increase in Electronic Nicotine Delivery 
System (ENDS) use in the United States 
(US) in recent years1,2 has fueled extensive 

debate regarding the overall net population health 
impact of ENDS. Adult smokers may use ENDS as 
a means to transition away from cigarette smoking, 
and their resultant significant decrease in exposure 
to carcinogenic and toxic constituents3-5 may ben-
efit public health, especially if smokers who would 
not otherwise quit in the near term can successfully 
switch completely from smoking to ENDS use. 
Similarly, former smokers may utilize ENDS prod-
ucts to prevent a return to smoking. Conversely, 
adoption of ENDS products by non-smokers who 

would not otherwise have used tobacco products 
would have negative implications for population 
health.

To assess the net population impact of ENDS, it 
is crucial to understand: (1) the smoking status and 
history of adult ENDS users; and (2) changes in 
their smoking behaviors over time.6,7 Although ad-
ditional public health and public policy questions 
arise with regard to use by underage individuals,8 
it is also essential to assess these 2 key questions 
among adults, to characterize overall population 
impact more accurately.

Nationally representative cross-sectional preva-
lence studies indicate that the adult ENDS user 
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Objectives: In this study, we prospectively assessed changes in smoking a year after US adults’ 
first-time purchase of a JUUL Starter Kit (JSK). Methods: Descriptive analyses assessed transi-
tions in smoking status at 12 months among adult (age ≥21) JSK purchasers providing baseline 
and 12-month follow-up data (N = 27,164 [49.0% of baseline]), stratified by baseline smoking 
status. Baseline regular use of other ENDS was also considered. Results: Purchasers included 
baseline past 30-day smokers (65.2%), former smokers (12.0%), and never smokers (9.7%); over 
90% were ever-smokers. One year later, the majority (58%) of those smoking at baseline re-
ported no longer smoking. Former smokers or never smokers who were smoking at 12 months 
represented less than 2% of respondents. Former and current smokers who were regularly us-
ing other ENDS at baseline were less likely to report smoking at 12 months. Conclusions: Past 
30-day smoking prevalence in a large longitudinal study of first-time JSK purchasers fell by more 
than half over 12 months. Analyzing the sample composition at purchase and transitions within 
subgroups defined by smoking status allows for a detailed understanding to help inform assess-
ments of the population health impact of ENDS.
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population is largely comprised of current smok-
ers or former smokers who recently quit smok-
ing (eg, in the previous year, whom we refer to as 
“Recent Quitters”), rather than never smokers or 
long-term former smokers who have not smoked 
for over a year (whom we refer to as “Long-Term 
Quitters”).9-13 This is consistent with findings from 
previous studies indicating that the primary reason 
that adult ENDS users report for purchasing and 
using ENDS is to quit smoking or reduce their 
cigarette consumption.14-16 In the Population As-
sessment of Tobacco and Health (PATH) study,17 
a nationally-representative longitudinal population 
study of tobacco product use, the distribution of 
adult ENDS users at each survey wave followed a 
similar pattern, with the majority reporting current 
(eg, past 30-day) or former smoking.18,19

There is limited longitudinal data on the smok-
ing trajectories of adult ENDS users over time. Pri-
or observational studies indicate that use of ENDS 
by adult smokers is associated with subsequent 
reduction of cigarette consumption or complete 
abstinence from smoking.20,21 Analyses of a cohort 
of adult smokers (separate from the current study) 
who had newly purchased a JUUL Starter Kit (JSK; 
Juul Labs Inc; henceforth “JUUL”), a closed-sys-
tem ENDS brand with a nicotine salt formulation, 
found that 47% of respondents reported switch-
ing (ie, no cigarette smoking in the past 30 days) 
3 months after purchase of JUUL22 and 54%22 re-
ported switching at 6 months. However, there re-
mains a lack of longitudinal data assessing patterns 
of smoking over time in a broader and more diverse 
population of current, former, and non-smokers 
who report using these products, especially within 
the same study. To date, longitudinal analyses of 
the PATH study have provided the best data for 
assessing trajectories of smoking among key sub-
groups in the population.18,19,23,24 However, most 
recently published PATH analyses rely on data col-
lected from 2013-2016. Given the dynamic nature 
of the ENDS marketplace and the evolution of 
products over time, more contemporary data are 
needed to enhance the understanding of transitions 
among users of newer ENDS products.

The Adult JUUL Switching and Smoking Trajec-
tories (ADJUSST) Study, an in-market surveillance 
study of adult JUUL users (methods described else-
where; see Shiffman et al, in this issue)25 characteriz-

es the history and smoking trajectories among new 
purchasers of a widely-used ENDS product, JUUL, 
in greater detail than is traditionally captured in 
surveys. Past research has traditionally characterized 
ENDS users based on smoking status (ie, current, 
former, and never smokers) and used this as the 
basis to assess 3 key types of transitions over time: 
(1) complete switching away from smoking; (2) re-
sumption of smoking among former smokers; and 
(3) initiation of smoking among never users.26

Several companion papers in this issue analyze in 
greater detail particular subpopulations, namely es-
tablished smokers,27 dual users,28 former smokers,29 
and never smokers.30 The purpose of this paper is 
to provide an overarching picture of how smoking 
changed in the entire sample of JUUL purchasers 
over the course of a year. This whole-population 
perspective is essential for understanding the popu-
lation impact of JUUL and other ENDS. In the 
course of analyzing the full range of JUUL pur-
chasers, this paper also summarizes information 
on subpopulations that are not addressed in the 
companion papers, such as current and former ex-
perimental smokers (ie, those who ever-smoked, 
but did not smoke over 100 cigarettes). Consider-
ing all of these subgroups, and distinguishing the 
heterogeneous population of JUUL purchasers by 
smoking history and smoking status at the time of 
purchase is essential to understanding the trajecto-
ries of smoking following adoption of ENDS such 
as JUUL.31-35 Like previous approaches to analyzing 
longitudinal transitions in tobacco product use, the 
paper uses descriptive visualization tools to identify 
common transitions and their relative frequency.24

METHODS
Participants 

A sample of adults of legal purchasing age (age 
≥ 21 years) residing in the US were invited to par-
ticipate in a longitudinal prospective cohort survey 
of tobacco product use upon purchasing a JUUL 
Starter Kit (JSK) in a retail store or online via the 
manufacturers’ ecommerce platform, beginning in 
June 2018.25 Study inclusion criteria were: (1) age 
≥ 21 years; (2) purchased a JSK for the first time 
within the past 7 days; and (3) permanent resi-
dency in the USs. Employees of Juul Labs Inc or 
PAX Labs Inc were excluded. The present analysis 
focused on 27,164 adults who provided data on 
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relevant measures at both baseline and 12-month 
follow-up. Analyses by Shiffman et al25 (this issue) 
showed groups defined by differential comple-
tion of follow-ups differed little in demographics 
or baseline smoking profiles; re-contact with some 
non-responders also indicated that non-response 
was not related to smoking outcomes, suggesting 
limited bias due to non-response.25

Procedure
The study was a naturalistic observational sur-

veillance study. There was no intervention; par-
ticipants purchased products on their own as they 
wished, and received no instructions or advice, nor 
was any behavioral objective defined for them.

Individuals who purchased a JSK at retail were 
invited via a recruitment card found in the pack-
aging. Those who purchased a JSK via the online 
ecommerce platform were invited to participate 
via a post-purchase study recruitment email. The 
study was described as “a survey about vaping, 
smoking, and JUUL products” and offered $30 
compensation.

All surveys were administered online. The data 
collection was overseen by the Centre for Substance 
Use Research (Glasgow, Scotland; www.csures.
com) and conducted by Dacima (https://www.
dacimasoftware.com). The Advarra® Institutional 
Review Board, an accredited IRB (https://www.
advarra.com), approved the study. All participants 
provided written informed consent to participants 
in “an online survey of your views and experiences 
of smoking cigarettes and using JUUL vapor prod-
ucts” whose purpose was “to better understand the 
types of people who buy the JUUL Starter Kit, 
their reasons for using a JUUL, and what impact, 
if any, using a JUUL has on cigarette smoking.” 
Participants were compensated with a $30 Visa 
gift card for the baseline and each follow-up survey 
they completed.

After completing a baseline survey, participants 
were invited by email to complete surveys at several 
timepoints up to 12 months; each follow-up survey 
remained open for up to 10 days after the initial 
email invitation was sent. The invitations noted: 
“You are eligible to take this survey whether or not 
you still use a JUUL, and whether or not you still 
smoke cigarettes,” and reminded participants of 
the $30 compensation and the confidentiality of 

their information. Additional details regarding the 
overall study methodology are described in another 
publication in this issue25 and in 2 publications re-
porting a separate, parallel study of adult smokers 
who purchased the JSK.22

Measures 
Baseline smoking. As described in Shiffman et 

al,25 baseline smoking status was assessed based on 
key questions assessing ever smoking, number of 
cigarettes smoked in lifetime, past 30-day smoking, 
now smoking ‘every day/some days/not at all’, and 
time since last smoked. Baseline smoking status def-
initions were adapted from those used in previous 
literature36,37 and constructed to be mutually exclu-
sive and comprehensively exhaustive in characteriz-
ing the adult JUUL purchaser population based on 
the smoking status variables above (Table 1).

Participants who reported ever smoking ciga-
rettes, having smoked ≥ 100 cigarettes in their 
lifetime, smoking in the past 30 days, and ‘now’ 
smoking ‘every day’ or ‘some days’ were defined as 
“Past 30-day Established Smokers.” Goldenson et 
al27 provide detailed analyses of this group. Partici-
pants who reported ever smoking cigarettes, having 
smoked ≥ 100 cigarettes in their lifetime, smoking 
in the past 30 days, and ‘now’ smoking ‘not at all’ 
were defined as “Past 30-day Established Smokers 
Now Smoking ‘Not at all’;” persons who reported 
ever smoking cigarettes, smoking less than 100 
cigarettes in their lifetime, and smoking in the past 
30 days were defined as “Past 30-day Experimental 
Smokers.”

Because the expected risk of smoking relapse 
among former smokers is substantially different in 
the first year of quitting versus afterward,31,32 we 
divided former established smokers into “Recent 
Quitters,” who stopped smoking cigarettes in the 
last 12 months, and “Long-Term Quitters,” who 
stopped smoking cigarettes over 12 months previ-
ously (see Le et al29).

Participants who ever smoked cigarettes, but had 
smoked fewer than 100 cigarettes in their lifetime, 
and did not smoke a cigarette in the past 30 days 
were defined as “Former Cigarette Experimenters.” 
We considered these under the rubric of “Never Es-
tablished Smokers” (Rather than “Former Smok-
ers”) because some authors have not considered 
this group to have been smokers.23,38 Participants 
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who never smoked a cigarette, not even one or 2 
puffs, were defined as “Never Smokers” (see Shiff-
man et al30).

These 7 smoking status categories were consoli-
dated to form 3 composite smoking status groups 
for analysis of transitions among: (1) Past 30-day 
Smokers; (2) Former Established Smokers; and (3) 
Never Established Smokers (Former Cigarette Ex-
perimenters and Never Smokers).

Participants who reported currently smoking ev-
ery day or some days were asked 2 questions that 
assessed frequency (number of days smoked in past 
month) and quantity of smoking (based on num-
ber of cigarettes smoked per day on days smoked) 
at baseline.

Baseline ENDS use. Participants also were asked 

about use of other ENDS at the time of their first-
time JSK purchase, with the question “In the 30 
days before you purchased your JUUL Starter Kit, 
were you using any another brand of e-cigarette/
vapor product fairly regularly?” 

Use of other tobacco products. Neither history 
nor current use of other tobacco products was 
assessed.

Smoking and cigarette consumption at 
12-month follow-up. At the 12-month follow-up 
assessment, the primary outcome was past 30-day 
smoking status. Participants who reported smok-
ing every day or some days at that time were asked 
the same 2 questions that assessed frequency and 
quantity of smoking as at baseline.

Change in cigarettes smoked per day. Among 

Table 1
Distribution of Baseline Smoking Status in Analytic Sample

Baseline Smoking Status Definition N (%)a

(N = 27,164)

Past 30-day Smokers 17,701 (65.2)

Past 30-day Established Smokers

Ever smoked cigarettes, even one or 2 puffs; and
Smoked 100 or more cigarettes in their entire life; and
Smoked in past 30 days; and
Now smoke ‘Every day’ or ‘Some days’

11,919 (43.9)

Past 30-day Established Smokers Now Smoking 
“Not at all”

Ever smoked cigarettes, even one or 2 puffs; and
Smoked 100 or more cigarettes in their life; and
Smoked in past 30 days; and
Now smoke ‘Not at all’

2603 (9.6)

Past 30-day Experimental Smokers
Ever smoked cigarettes, even one or 2 puffs; and
Smoked less than 100 cigarettes in their entire life; and
Smoked in past 30 days;

3179 (11.7)

Former Established Smokers 3250 (12.0)

Recent Quitters

Ever smoked cigarettes, even one or 2 puffs; and
Smoked 100 or more cigarettes in their life; and
Have not smoked in past 30 days; and
Quit smoking within the past 12 months

1517 (5.6)

Long-Term Quitters

Ever smoked cigarettes, even one or 2 puffs; and
Smoked 100 or more cigarettes in their life; and
Have not smoked in past 30 days; and
Quit smoking more than 12 months ago

1733 (6.4)

Never Established Smokers 6213 (22.9)

Former Experimental Smokers
Ever smoked cigarettes, even one or 2 puffs; and
Smoked less than 100 cigarettes in their life; and
Did not smoke a cigarette in the past 30 days

3549 (13.1)

Never Smokers Never smoked cigarettes, even one or 2 puffs 2664 (9.8)

Note.
a All percentages reflect proportion of total sample (N = 27,164) that provided smoking status data at 12 
months.
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participants who reported past 30-day smoking at 
baseline and also at 12-month follow-up, change 
in daily cigarette consumption (cigarettes per day × 
[days smoked in past 30 days/30]) was computed 
to determine whether or not there was a ≥ 50% 
reduction in this measure at 12 months. Change in 
cigarette consumption could not be assessed among 
those who reported past 30-day smoking but re-
ported now smoking “Not at all” at either baseline 
or 12-month follow-up, as these respondents were 
not asked about cigarette consumption. Analyses of 
PATH data, reported in the online supplement to 
this paper suggest that such respondents were like-
ly smoking very little, but, for these analyses, they 
were conservatively classified as having not reduced 
their cigarette consumption by ≥ 50% (Table S1); 
See Selya et al28 for more detail on changes in ciga-
rette consumption in ADJUSST.

Data Analysis 
Primary analyses were descriptive. The analytic 

sample consisted of participants with data on smok-
ing status at baseline and 12 months. All analyses 
were conducted using Python 3.7, Tableau 2020.1, 
or SAS 9.4. 

Smoking status at 12 months was classified as: 
(1) not smoking (ie, no smoking in the past 30 
days, not even a puff); (2) smoking (past 30 days) 
but having reduced cigarette consumption by ≥ 
50% compared to baseline (smoking but reduced); 
or (3) smoking (past 30 days) and not reduced by 
≥ 50%. As noted above, participants who reported 
past 30-day smoking at baseline or follow-up but 
who did not provide data on cigarette consump-
tion were conservatively classified as smoking with-
out reduction.

To visualize transitions in smoking from baseline 
to 12 months across all groups, a Sankey diagram 
was created.39 This flow diagram, where the width 
of the arrow of each transition is proportional to 
the number of participants moving from one sta-
tus to another (eg, smoking to no longer smoking), 

This information is for public-policy discussions and is not for advertising or promotional purposes or intended for a consumer audience. 1
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Smoking History At Baseline Among 12-Month ADJUSST Respondents (N = 27,164)

Figure 1 
Baseline Status and 12-month Smoking Status (Past 30 Days; P30D) among All Participants

Note.
The figure shows the distribution of smoking status and history at baseline, and the smoking status at 12 months. The 
data are based on 27,164 participants who provided data at 12 months.
a The analysis focused on 27,164 adults who provided valid data on all relevant study measures at both baseline and 
  12-month follow-up.
b Participants who reported past 30-day smoking at baseline or follow-up but did not provide valid data on cigarette 
  consumption were classified as “Smoking” as cigarette reduction could not be assessed for these individuals; it is likely
  that some proportion of these smokers also reduced their CPD.
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identifies the most frequent transitions and overall 
changes at 12 months.

To provide further characterization of 12-month 
smoking status by pre-purchase behavior, the 
12-month past 30-day smoking status of each base-
line-smoking group was sub-stratified according to 
whether respondents had reported regularly using 
other ENDS at the time of a JSK purchase. Odds 
ratios and 95% confidence intervals were gener-
ated, comparing 12-month past 30-day smoking 
prevalence between those who were and were not 
using other ENDS at baseline.

RESULTS
Baseline Composition of Adult JUUL 
Purchasers

The overall analytic sample (N = 27,164; 49.0% 

of baseline participants) had a mean age of 29.9 
years (SD = 10.3), the majority self-reported as 
male (58.7%) and non-Hispanic white (74.4%; 
Table S2). Almost two-thirds had never married 
(65.5%), 70.1% reported completing at least some 
college, and 54.7% reported annual household 
income of less than $50,000 (sociodemographics 
stratified by smoking status are displayed in Table 
S1). 

As Table 1 shows, at time of JSK purchase (ie, 
baseline) 65.2% were Past 30-day Smokers, 12.0% 
were Former Established Smokers and 22.9% were 
Never Established Smokers. Overall, 90.2% of 
the adult purchaser population had previous ex-
perience with smoking at time of JUUL purchase; 
9.8% were Never Smokers. The largest subgroup, 
and the vast majority of the Past 30-day Smok-
ers group, were Current Established Smokers (N 

Past 30-Day Smokers at Baseline (N = 17,701) 
65% of all Purchasersa

Switched
Smoking Reduced 50%+
Smoking

12-Month Status

51% 29% 19% 73% 27%

Aggregate 
12-Month Status 58% 22% 20%

13% 9% 8% 1% 2%22% 7% 3%% of all Purchasersa

38% 14% 13%

72 11 17
% %

%12-Month 
Status

% of all Purchasersa

67% 15% 18%

Past 30-Day 
Established 

Smokers
N = 11,919

Past 30-Day 
Established Smokers 

Now Smoking 
“Not at all” b

N = 2603

Past 30-Day
Experimental 

Smokers
N = 3179

Baseline
Status

% of Smokers

Figure 2 
Baseline Status and 12-month Smoking Status among Baseline Past 30-day Smokers

Note.
The figure shows the distribution of smoking history at baseline for participants who reported past 30-day smoking at 
baseline, and their smoking status at 12 months (among those who provided data at 12 months). The top ribbon shows 
the distribution according to smoking history and status at time of purchase. The middle ribbon shows the 12-month 
smoking status of each of these groups. the bottom ribbon shows the overall 12-month smoking status for the Past 30-
day Smokers as a whole. The same layout applies to Figures 3 and 4.
Smoking reduction could not be assessed among Other Past 30-day Established Smokers at baseline, because their 
baseline cigarette consumption was not captured in the survey; among these, those who reported past 30-day smoking 
at follow-up were classified as “Smoking.”
a % of all purchasers is proportion of total sample (N = 27,164).
b Participants who reported past 30-day smoking at baseline or follow-up but did not provide valid data on cigarette 
consumption were classified as “Smoking” as cigarette reduction could not be assessed for these individuals; it is likely 
that some proportion of these smokers also reduced their CPD.
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Figure 3
Baseline Status and 12-month Smoking Status among Baseline Former Established Smokers

Note.
The figure shows the distribution of former established smokers’ quit duration (recent: < 1 year); long-term: ≥ 1 year) 
at baseline and their smoking status at 12 months (among those who provided data at 12 months). See notes for Figure 2.
* % of all purchasers is proportion of total sample (N = 27,164).
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Figure 4
Baseline Smoking Status and 12-month Smoking Status among 

Baseline Never Established Smokers

Note.
The figure shows the participants who were never established smokers (either former experimental smokers or never-
smokers) at baseline and their smoking status at 12 months (among those who provided data at 12 months). See notes for 
Figure 2.
Percentages in italics represent each group as a percentage of the total JSK purchaser population with 12-month follow-
up data (N = 27,164).
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= 11,919; 43.9% of the total sample). The other 
2 subgroups of Past 30-day Smokers (Past 30-Day 
Established Smokers Now Smoking “Not at all,” 
and Experimental Smokers) comprised 21.3% of 
the sample.

Those not smoking at the time of purchase made 
up a smaller proportion of the sample. Among 
Former Established Smokers, slightly less than half 
(46%; 5.6% of overall sample) were Recent Quit-
ters, with the remaining 54% (6.4% of overall 
sample) having quit for over 12 months. The ma-
jority (57%; 13.1% of overall sample) of the Never 
Established Smokers had previously smoked, and 
the remainder (43%; 9.8% of overall sample) had 
not.

Descriptive Transitions Analysis: Tree Diagrams 
of Smoking Behavior at 12 Months 

Figures 1-4 show tree diagrams displaying transi-
tions at 12-month follow-up among each baseline 
smoking status group. Figure 1 summarizes the 
smoking status of the sample at baseline (just af-
ter JSK purchase) and their smoking status after 
one year. The top ‘ribbon’ is a summary of baseline 
smoking status using the categories described in 
Methods. The bottom ribbon summarizes smoking 
status in the entire sample 12 months later.

Figures 2-4 summarize the baseline and 12-month 
smoking status in major baseline smoking groups, 
ie, baseline Past 30-day Smokers, Former Estab-
lished Smokers, and Never Established Smokers, 

Table 2
Past 30-day Smoking at 12 months, by Baseline Smoking Status and 

Regular Use of Other ENDS

Baseline smoking status

Proportion of 
Each Group 
Who Were 
Using ENDS 
Regularly at 
Baselinea

(%)

Past 30-day Smoking at 12 Months, by Baseline 
Use of ENDS 

Proportion 
Reporting 
Past 30-day 
Smoking at 
12 Months 
among 
Those 
Regularly 
Using ENDS 
at Baselinea  
(%)

Proportion 
Reporting 
Past 30-day 
Smoking at 
12 Months 
among Those 
Not 
Regularly Us-
ing ENDS at 
Baselinea

(%)

ORb (95% CI)

Past 30-day Smokers

Past 30-day Established Smokers 23.4 47.0 53.0 0.78 (0.71 , 0.87)

Past 30-day Established Smokers Now Smoking “Not 
at All” 30.9 25.1 31.0 0.74 (0.58 , 0.95)

Past 30-day Experimental Smokers 31.6 29.4 32.6 0.86 (0.68 , 1.09)

Former Established Smokers

Rcent Quitters 50.0 16.6 24.3 0.62 (0.45 , 0.87)

Long-Term Quitters 69.6 7.4 11.7 0.61 (0.40 , 0.91)

Never Established Smokers

Former Experimental Smokers 38.5 13.1 12.8 1.03 (0.76 , 1.38)

Never Smoker 29.2 6.4 7.3 0.87 (0.49 , 1.54)

Note.
a Based on the question “In the 30 days before you purchased your JUUL Starter Kit, were you using any another brand 
  of e-cigarette/vapor product fairly regularly?”
b Reference category: Not regularly using ENDS at baseline. Bolded odds ratios indicate statistically significant 
  differences between those using and not using other ENDS



Transitions in Smoking among Adults Newly Purchasing the JUUL System

554

respectively. One year after initiating JUUL use, 
58% of baseline Past 30-day Smokers reported not 
smoking in the past 30 days. This was true of over 
70% of both Past 30-day Smokers Now Smoking 
“Not at All” and Past 30-day Experimental Smok-
ers, and of 51% of the Past 30-day Established 
Smokers. Of those who continued to smoke (every 
day or some days) at follow-up, more than half re-
ported that they had reduced their cigarette con-
sumption by over 50% (orange segment).

Among Former Established Smokers (Figure 3), 
14% reported smoking at 12-month follow-up, 

with substantial variation by time since quitting – 
smoking was reported by 20% of Recent Quitters 
and 9% of Long-term Quitters. The Former Estab-
lished Smokers who reported past 30-day smoking 
at 12 months comprised 2% of the overall purchas-
er sample.

Among Never Established Smokers (Figure 4), 
11% reported past 30-day smoking at follow-up 
(9% among Never Smokers and 12% among For-
mer Experimental Smokers). Never Smokers smok-
ing at 12 months comprised < 1% of the adult 
purchaser population.

Former Experimental Smokers
13% (N = 3549)

Former Established Smokers
12% (N = 3250)

Current Smokers
65% (N = 17701)
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Past 30-Day Smoking at 12-Month Follow-Up by Baseline Smoking Status
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1 Not Smoking

2 Smoking, But Reduced (50%+)

3 Smoking

2 Former Established Smokers
1 Not Smoking

3 Smoking
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1 Not Smoking
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37.9% (N = 10285)
14.2% (N = 3855)
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11.4% (N = 3108)

1.6% (N = 441)
8.9% (N = 2431)

0.9% (N = 233)

Status at Baseline Status at 12 Months Percent of Sample (N)

Figure 5
Sankey Diagram of Past 30-day Smoking at 12 Months by Baseline Smoking Status

Note.
The Sankey diagram shows the flows or transitions in participants’ smoking status between baseline and 12 months 
(among those who provided data at 12 months). All Percentages are based on proportion of total sample with baseline 
and 12-month data (N = 27,164)



Prakash et al

Am J Health Behav.™ 2021;45(3):546-562 555 DOI:  doi.org/10.5993/AJHB.45.3.9

Regular Use of Other ENDS at Baseline and 
Association with Smoking at 12 Months

Regular use of ENDS was common at baseline 
among Former Established Smokers (69.6% of 
Long-Term Quitters and 50.0% of Recent Quit-
ters); fewer Past 30-day Smokers (31.6% of Cur-
rent Cigarette Experimenters, 30.9% of Past 30-day 
Established Smokers Now Smoking “Not at All” 
and 23.4% of Current Established Smokers) and 
Never Established Smokers (38.5% of Former Ex-
perimental Smokers and 29.2% of Never Smokers) 
reported regularly using other ENDS at baseline. 
Smoking at 12 months was generally less common 
among those already regularly using ENDS prior 
to the JSK purchase, and this association was sig-
nificant among Former Established Smokers and 
the Past 30-Day Established Smokers (Table 2).

Descriptive Transitions Analysis: Sankey 
Diagram of the Adult JUUL Purchaser Sample

Figure 5 provides a Sankey diagram summarizing 
the relative magnitude of transitions by smoking 
status. Across the entire sample, 69% of respon-
dents were not smoking at 12-month follow-up. 
Among the 31% who were smoking at 12 months, 
the majority (87%) were smoking at baseline, 5% 
were baseline former smokers, 5% were baseline 
former experimental smokers and 3% were base-
line never smokers.

The most common transition observed was from 
past 30-day (‘current’) smoking at baseline to no 
longer smoking at follow-up, reported by 38% of 
respondents. The 2 next most common transitions 
were from baseline some day or every day smok-
ing to: (1) smoking but with cigarette consump-
tion reduced by at least 50% (14% of sample); and 
(2) continued smoking without a ≥ 50% reduction 
in cigarette consumption (13%). The least com-
mon transition was from never smoking at base-
line to past 30-day smoking at follow-up (0.9% of 
sample).

DISCUSSION
In this paper, we report on smoking behavior 

in a large sample of new adult JUUL purchasers 
12 months after purchase. Over 90% of purchas-
ers reported ever-smoking at baseline, most (65%) 
reporting smoking in the 30 days preceding pur-

chase. A comparatively smaller proportion were 
former smokers, either Former Established Smok-
ers (12%) or Former Experimental Smokers (13%). 
The smallest subgroup were Never Smokers (10%).

One year later, 58% of those who were smoking 
(past 30 days) at baseline (including over half of 
Past 30-day Established Smokers) were no longer 
smoking. Among those who did continue to smoke 
every day or some days, the majority had reduced 
their cigarette consumption by at least 50%. Less 
than 3% of all purchasers were baseline Former 
Smokers (2%) and Never Smokers (0.9%) who re-
ported smoking at 12 months. From the time of 
initial purchase to 12 month later, the overall prev-
alence of past 30-day smoking fell by more than 
half, from 65% to 31%.

The findings presented herein provide insight 
into transitions among different populations of 
adults purchasing JUUL products, and demon-
strate the importance of accounting for hetero-
geneity within smoking status subgroups when 
characterizing ENDS users. For example, whereas 
58% of Past 30-day Smokers reported not smoking 
at follow-up, these rates varied by whether smokers 
were Past 30-day Established Smokers (51%), Past 
30-day Experimental Smokers (72%) or Past 30-
day Established Smokers who reported they were 
currently smoking “not at all” (73%) at baseline. 
The established smokers likely includes those who 
face greater difficulty in switching,19,40-42 whereas 
Past 30-day Established Smokers Now Smoking 
“Not at all” may include smokers who may have 
switched away from cigarettes more easily, such as 
just before, at, or immediately following purchase 
of JUUL. Although we cannot determine if or ex-
actly when Past 30-day Established Smokers who 
now reported smoking “not at all” stopped smok-
ing (ie, whether this occurred after JSK purchase 
but prior to completing the baseline survey, or in 
the past month and prior to JSK purchase), it is 
likely that some of these respondents were smokers 
who switched just after initiating JUUL use. Data 
from PATH study suggest that this response pat-
tern is typically associated with past 7-day smok-
ing abstinence (Table S2). Similarly, we observe 
that those who stopped smoking more recently are 
more likely to resume smoking, consistent with 
previous research on risk of relapse, even without 
ENDS use.32,33
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The heterogeneity of the adults who purchased 
a JSK was also evident in consideration of their 
pre-existing use of other ENDS. The prevalence 
of ‘fairly regularly’ use of other ENDS at baseline 
ranged from roughly one-fourth – among past 30-
day Established Smokers – to more than two-thirds 
among Long-Term Quitters. These individuals ap-
pear to have been changing brands of ENDS, rath-
er than initiating regular ENDS use for the first 
time. This was particularly common among the 
Former Established Smokers, suggesting that some 
of these may have been smokers who had switched 
to ENDS, and were continuing that trend with 
JUUL. Similarly, the use of other ENDS by Never 
Smokers and Former Experimenters indicate that 
these individuals were not initiating or re-initiating 
tobacco or nicotine use with JUUL, but continu-
ing a pre-existing use pattern. Further exploration 
of these variations is warranted.

Among baseline Established Past 30-day and 
Former Established Smokers, those who regu-
larly used ENDS at baseline were less likely to be 
smoking one year later. This may be related to the 
fact that, in this study, the proportion of smok-
ers who switched away from smoking increased 
over time.27,28,43 It may be that those already using 
ENDS before the JSK purchase were further along 
in a process of substituting ENDS for smoking. 
Consistent with this possible interpretation, no 
such effect was observed among those not smoking 
at baseline.

Comparisons between the present study and 
other studies following ENDS users are challeng-
ing. ADJUSST followed individuals who had pur-
chased a JUUL Starter Kit, which would seem to 
imply a substantial demonstrated interest in ENDS 
use, in contrast to studies that identify ENDS us-
ers on the basis of any use in the preceding 30 
days. Despite such differences, a comparison of 
the smoking history of ENDS users in this study 
and in the population-representative PATH study 
suggests that there are similarities, in that ENDS 
users in PATH waves are primarily current or for-
mer smokers.18 However, there are also substantial 
differences: the proportion of dual users in PATH 
Wave 1 (those both smoking and using ENDS, 
perhaps most analogous to the Current Established 
Smokers in ADJUSST) who were no longer smok-
ing one year later was significantly lower (12.1%) 

than in the current study (51%, Figure 2). This 
may be due to both underlying differences in the 
definitions of ENDS use, as noted, as well as dif-
ferences in the types of ENDS available for use 
during PATH Wave 1 data collection (2013-14). 
It has been noted that ENDS products themselves, 
and smokers’ approach to using them, may have 
evolved, “As an emerging product on the US mar-
ket in 2013-2014, the novelty of e-cigarettes may 
have prompted some people to try them out of cu-
riosity, perhaps without any intention for sustained 
use;”23 indeed, PATH reported high rates of dis-
continuing ENDS use.23 In contrast, over 89% of 
Past 30-day Established Smokers in the ADJUSST 
sample were still using JUUL at 12 months.27 Some 
of the change also may reflect product evolution. 
Evidence suggests that early ENDS products were 
unsatisfying for smokers,44 and recent-generation 
devices are more satisfying.45-47

The analyses presented focus on changes in ciga-
rette smoking, which is by far the most hazardous 
form of tobacco or nicotine use.48 To the extent 
that use of ENDS such as JUUL can help users 
avoid smoking, their individual health, and public 
health, is likely to benefit.3 That said, ENDS use 
itself carries some risks, and would represent an in-
crement in risk for those not using tobacco.5 If the 
use of ENDS were to cause an increase in the like-
lihood of progressing to smoking (ie, “gateway” – 
which is controversial49,50), this would particularly 
represent an increase in risk.

Thus, smoking initiation among never smokers 
and resumption of smoking among former smok-
ers would adversely impact population health, 
if these individuals would not have otherwise 
smoked. Smoking in these cohorts were the least 
common transitions observed among JUUL users 
in this study, and substantial proportions of these 
cohorts were already regularly using ENDS when 
they purchased a JSK. Importantly, in-depth anal-
yses of these Never Smoker30 and Former Estab-
lished Smoker29 cohorts find reported smoking is 
neither frequent nor persistent among these groups 
(ie, the majority who smoked at any point across 
the 12-month study period reported past 30-day 
smoking at just one of the 6 follow-up assessments).

Any reported smoking by never smokers is prob-
lematic, especially if it goes beyond infrequent and 
impersistent use and becomes established smoking. 
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A comprehensive understanding of behaviors across 
each subgroup within current, former, and never 
smokers is necessary to account for both the risks 
and benefits of ENDS product use to population 
health. Net population health impact modeling in-
cluded in this issue incorporates these transitions 
from ADJUSST, along with PATH data, to model 
the impact of both beneficial and harmful transi-
tions, with extensive sensitivity testing to account 
for varying the prevalence of these behaviors be-
yond what is reported in this analysis.51

There are several key strengths to this paper and 
the ADJUSST study, including the large sample 
size, longitudinal nature of the data, recency of 
data collection, use of standard questions to de-
fine smoking status, and availability of data from 
point of initial product purchase. However, there 
are also several limitations, some relating to gener-
alizability – the sample consisted of adults who had 
recently purchased a JSK on their own, and argu-
ably, would be representative of that population. 
However, the results would likely not generalize to 
a broader population of ENDS users, such as those 
in cohorts defined by any use on the past 30 days, 
which can include casual trial.52 By the nature of 
the sample, participants were using JUUL, a par-
ticular ENDS whose nicotine delivery exceeds that 
of some ENDS, though not others;53,54 therefore, 
generalizability to other ENDS is unknown.

As with any study, the sample consisted of vol-
unteers, who may differ from users who do not 
participate in research. Also, as is common with 
other naturalistic observational follow-up stud-
ies,26 interpretation may be limited by the fact 
that the data are self-report, and that there is par-
ticipant attrition. Analyses of missing data in the 
sample, reported in-depth elsewhere in this issue,25 
show that non-responders resembled responders at 
baseline, and, when reached in a recontact study, 
reported similar smoking status at 12 months as 
respondents, suggesting minimal bias due to non-
response. Nonetheless, it is possible that non-
respondents were more likely to be smoking, and 
that the true smoking prevalence is higher than re-
flected in these reports.

This study was observational in nature and did 
not include a comparison group of individuals not 
using JUUL, much less randomized individuals 
to use of JUUL, limiting our ability to establish 

causality for the descriptive transitions presented 
here. Recently published randomized trials that as-
sessed use of ENDS55-57 for smoking cessation and 
a trial in which smokers were randomized to use of 
JUUL58 found increased odds of no longer smok-
ing among adult smokers assigned to use ENDS 
(or JUUL); these trials can better inform causal 
attributions.

Finally, neither the baseline assessment nor the 
follow-ups asked about the use of tobacco prod-
ucts other than cigarettes and ENDS. Thus, it is 
possible that some respondents were tobacco us-
ers, even smokers (eg, little cigars) at baseline or 
at follow-ups, and this is not accounted for in our 
findings. The analyses also did not consider partici-
pants’ history of quitting or prior use of nicotine 
replacement medications.

Conclusion 
In this observational longitudinal surveillance 

study, 90.2% of adult JUUL purchasers reported 
some smoking history at time of purchase; two-
thirds had been smoking in the preceding 30 days. 
The majority of purchasers who were smokers at 
baseline were no longer smoking at 12 months. 
Initiation of smoking among Never Established 
Smokers and resumption of smoking by Former 
Established Smokers was rare, with each transition 
being reported by 1%-2% of the sample. Data, 
such as those in the current study, that assess tran-
sitions in populations of adult ENDS users provide 
the foundation for population health modeling 
and are necessary to elucidate the net population 
health impact of ENDS products.

Human Subjects Approval Statement
This study was approved by the Advarra® Institu-

tional Review Board.

Conflict of Interest Disclosure Statement
SP was a full-time employee of Juul Labs Inc 

during the time that this work was conducted. YX, 
NIG, and RW are full-time employees of Juul Labs 
Inc. Through PinneyAssociates Inc, SS and RG pro-
vide consulting services on tobacco harm reduction 
on an exclusive basis to Juul Labs Inc. Within the 
last 2 years, PinneyAssociates Inc has consulted for 
British American Tobacco and Reynolds American 



Transitions in Smoking among Adults Newly Purchasing the JUUL System

558

Inc and subsidiaries on tobacco harm reduction.  
Under contract to JUUL Labs Inc, the Centre for 
Substance Use Research, an independent research 
consultancy, designed the study and assessments 
and oversaw the work of Dacima Inc, that hosted 
the survey and collected the data. CSUR managed, 
cleaned, and summarized the data.

SP, RW, RG and SS conceptualized the study and 
analysis plan. YX and NIG performed the statisti-
cal analyses under the direction of SP and SS, and 
all authors interpreted results. All of the authors 
contributed to writing and review of the paper, and 
had access to the data. The sponsor approved the 
research plan and provided comment on a near-
final draft of the paper.

Acknowledgement 
Funding for this study was provided by Juul Labs 

Inc.

References
 1. Dai H, Leventhal AM. Prevalence of e-cigarette use 

among adults in the United States, 2014-2018. JAMA. 
2019;322(18):1824-1827.

 2. Owusu D, Huang J, Weaver SR, et al. Patterns and trends 
of dual use of e-cigarettes and cigarettes among U.S. 
adults, 2015-2018. Prev Med Rep. 2019;16:101009.

 3. Gottlieb S, Zeller M. A nicotine-focused framework for 
public health. N Engl J Med. 2017;377(12):1111-1114.

 4. Hatsukami DK, Carroll DM. Tobacco harm reduction: 
past history, current controversies and a proposed ap-
proach for the future. Prev Med. 2020:106099.

 5. National Academies of Sciences Engineering and Medi-
cine. Public Health Consequences of E-cigarettes. Washing-
ton, DC: The National Academies Press; 2018.

 6. Levy DT, Cummings KM, Villanti AC, et al. A frame-
work for evaluating the public health impact of e-ciga-
rettes and other vaporized nicotine products. Addiction. 
2017;112(1):8-17.

 7. Cobb C, Villanti A, Graham A, et al. Markov model-
ing to estimate the population impact of emerging to-
bacco products: a proof-of-concept study. Tob Regul Sci. 
2015;1:129-141.

 8. Hair EC, Romberg AR, Niaura R, et al. Longitudinal 
tobacco use transitions among adolescents and young 
adults: 2014-2016. Nicotine Tob Res. 2019;21(4):458-
468.

 9. Villarroel MA, Cha AE, Vahratian A. Electronic ciga-
rette use among U.S. adults, 2018. NCHS Data Brief. 
2020;(365):1-8.

10. Delnevo CD, Giovenco DP, Steinberg MB, et al. Patterns 
of electronic cigarette use among adults in the United 
States. Nicotine Tob Res. 2016;18(5):715-719.

11. Bao W, Xu G, Lu J, et al. Changes in electronic ciga-
rette use among adults in the United States, 2014-2016. 

JAMA. 2018;319(19):2039-2041.
12. Mayer M, Reyes-Guzman C, Grana RA, et al. De-

mographic characteristics, cigarette smoking, and e-
cigarette use among US adults. JAMA Network Open. 
2020;3(10):e2020694-e2020694.

13. Prakash S, Hatcher C, Shiffman S. Prevalence of ENDS 
and JUUL use, by smoking status, in national samples of 
young adults and older adults in the U.S. Am J Health 
Behav. 2021;45(3):402-418.

14. Patel D, Davis KC, Cox S, et al. Reasons for current e-cig-
arette use among U.S. adults. Prev Med. 2016;93:14-20.

15. Pepper JK, Ribisl KM, Emery SL, Brewer NT. Reasons 
for starting and stopping electronic cigarette use. Int J En-
viron Res Public Health. 2014;11(10):10345-10361.

16. Rutten LJ, Blake KD, Agunwamba AA, et al. Use of e-
cigarettes among current smokers: associations among 
reasons for use, quit intentions, and current tobacco use. 
Nicotine Tob Res. 2015;17(10):1228-1234.

17. US Department of Health and Human Services, Na-
tional Institutes of Health, National Institute on Drug 
Abuse, Food and Drug Administration, Center for To-
bacco Products. Population Assessment of Tobacco and 
Health (PATH) Study [United States] Public-Use Files. 
In: Inter-university Consortium for Political and Social 
Research [distributor]; 2018. www.icpsr.umich.edu/files/
NAHDAP/documentation/ug36498-all.pdf.

18. Stanton CA, Sharma E, Edwards KC, et al. Longitudi-
nal transitions of exclusive and polytobacco electronic 
nicotine delivery systems (ENDS) use among youth, 
young adults and adults in the USA: findings from the 
PATH Study Waves 1-3 (2013–2016). Tob Control. 
2020;29(Suppl 3):S147-S154.

19. Wei L, Muhammad-Kah RS, Hannel T, et al. The im-
pact of cigarette and e-cigarette use history on transition 
patterns: a longitudinal analysis of the Population Assess-
ment of Tobacco and Health (PATH) study, 2013-2015. 
Harm Reduct J. 2020;17(1):45.

20. Brose LS, Hitchman SC, Brown J, et al. Is the use of elec-
tronic cigarettes while smoking associated with smoking 
cessation attempts, cessation and reduced cigarette con-
sumption? A survey with a 1-year follow-up. Addiction. 
2015;110:1160-1168.

21. Biener L, Lee HJ. A longitudinal study of electronic 
cigarette use among a population-based sample of adult 
smokers: association with smoking cessation and motiva-
tion to quit. Nicotine Tob Res. 2015;17(2):127-133.

22. Russell C, Haseen F, McKeganey N. Factors associated 
with past 30-day abstinence from cigarette smoking in a 
non-probabilistic sample of 15,456 adult established cur-
rent smokers in the United States who used JUUL vapor 
products for three months. Harm Reduct J. 2019;16(1):22.

23. Coleman B, Rostron B, Johnson SE, et al. Transitions in 
electronic cigarette use among adults in the Population 
Assessment of Tobacco and Health (PATH) Study, Waves 
1 and 2 (2013-2015). Tob Control. 2019;28(1):50-59.

24. Gueorguieva R, Buta E, Simon P, et al. Data visualiza-
tion tools of tobacco product use patterns, transitions and 
sex differences in the PATH youth data. Nicotine Tob Res. 
2020;22(10):1901-1908.

25. Shiffman S, Sembower MA, Augustson EM, et al. The 
Adult JUUL Switching and Smoking Trajectories (AD-
JUSST) Study: methods and analysis of loss-to-follow-



Prakash et al

Am J Health Behav.™ 2021;45(3):546-562 559 DOI:  doi.org/10.5993/AJHB.45.3.9

up. Am J Health Behav. 2021;45(3):419-442.
26. Hyland A, Ambrose BK, Conway KP, et al. Design and 

methods of the Population Assessment of Tobacco and 
Health (PATH) study. Tob Control. 2017;26(4):371-378.

27. Goldenson NI, Shiffman S, Hatcher C, et al. Switch-
ing away from cigarettes across 12 months among adult 
smokers purchasing the JUUL system. Am J Health Be-
hav. 2021;45(3):443-463.

28. Selya AS, Shiffman S, Greenberg M, Augustson EM. 
Dual use of cigarettes and JUUL: trajectory and cigarette 
consumption. Am J Health Behav. 2021;45(3):464-485.

29. Le GM, Holt NM, Goldenson NI, et al. Cigarette smok-
ing trajectories in adult former smokers using the JUUL 
system. Am J Health Behav. 2021;45(3):505-526.

30. Shiffman S, Holt NM. Smoking trajectories of adult 
never smokers 12 months after first purchase of a JUUL 
starter kit. Am J Health Behav. 2021;45(3):527-545.

31. Cantrell J, Bennett M, Mowery P, et al. Patterns in first and 
daily cigarette initiation among youth and young adults 
from 2002 to 2015. PLoS One. 2018;13(8):e0200827.

32. Hughes JR, Peters EN, Naud S. Relapse to smoking af-
ter 1 year of abstinence: a meta-analysis. Addict Behav. 
2008;33(12):1516-1520.

33. Hughes JR, Keely J, Naud S. Shape of the relapse curve 
and long-term abstinence among untreated smokers. Ad-
diction. 2004;99(1):29-38.

34. Amato MS, Boyle RG, Levy D. E-cigarette use 1 year lat-
er in a population-based prospective cohort. Tob Control. 
2017;26(e2):e92-e96.

35. Coleman BN, Rostron B, Johnson SE, et al. Electronic 
cigarette use among US adults in the Population Assess-
ment of Tobacco and Health (PATH) Study, 2013-2014. 
Tob Control. 2017;26(e2):e117-e126.

36. Rodu B, Plurphanswat N. E-cigarette use Among US 
adults: Population Assessment of Tobacco and Health 
(PATH) study. Nicotine Tob Res. 2018;20(8):940-948.

37. Ryan H, Trosclair A, Gfroerer J. Adult current smok-
ing: differences in definitions and prevalence estimates 
– NHIS and NSDUH, 2008. J Environ Public Health. 
2012;2012:918368.

38. Glasser A, Vojjala M, Cantrell J, et al. Patterns of e-ciga-
rette use and subsequent cigarette smoking cessation over 
two years (2013/2014 to 2015/2016) in the Population 
Assessment of Tobacco and Health (PATH) Study. Nico-
tine Tob Res. 2020;ntaa182. doi:10.1093/ntr/ntaa182

39. Lupton RC, Allwood JM. Hybrid Sankey diagrams: vi-
sual analysis of multidimensional data for understanding 
resource use. Resour Conserv Recycl. 2017;124:141-151.

40. Prakash S, Wissmann R, Vose JG, et al. Identifying pre-
dictive attributes of adult smokers who cease combustible 
smoking using the JUUL Electronic Nicotine Delivery 
System (ENDS) via logistic regression and CART. Juul-
labsscience. https://www.juullabsscience.com/wp-con-
tent/uploads/sites/8/2020/09/Identifying-Predictive-
Attributes-of-Adult-Smokers-Who-Cease-Combustible-
Smoking-using-the-JUUL-Electronic-Nicotine-Delivery-
System-ENDS-via-Logistic-Regression-and-CART.pdf. 
Published 2020. Accessed October 30, 2020.

41. Caponnetto P, Polosa R. Common predictors of 
smoking cessation in clinical practice. Respir Med. 
2008;102(8):1182-1192.

42. Jaber RM, Mirbolouk M, DeFilippis AP, et al. Elec-

tronic cigarette use prevalence, associated factors, and 
pattern by cigarette smoking status in the United States 
from NHANES (National Health and Nutrition Ex-
amination Survey) 2013-2014. J Am Heart Assoc. 
2018;7(14):e008178. doi:10.1161/JAHA.117.008178

43. Strong DR, Leas E, Noble M, et al. Predictive validity 
of the adult tobacco dependence index: Findings from 
waves 1 and 2 of the Population Assessment of To-
bacco and Health (PATH) study. Drug Alcohol Depend. 
2020;214:108134.

44. Eissenberg T. Electronic nicotine delivery devices: ineffec-
tive nicotine delivery and craving suppression after acute 
administration. Tob Control. 2010;19(1):87-88.

45. Wagener TL, Floyd EL, Stepanov I, et al. Have combus-
tible cigarettes met their match? The nicotine delivery 
profiles and harmful constituent exposures of second-
generation and third-generation electronic cigarette users. 
Tob Control. 2017;26(e1):e23-e28.

46. Maloney S, Eversole A, Crabtree M, et al. Acute effects 
of JUUL and IQOS in cigarette smokers. Tob Control. 
2020;tobaccocontrol-2019-055475. doi:10.1136/tobac-
cocontrol-2019-055475

47. Goldenson NI, Fearon IM, Buchhalter AR, Henningfield 
JE. Nicotine pharmacokinetic and subjective assessment 
of the JUUL system with three nicotine concentrations 
relative to combustible cigarettes in adult smokers. No 
Smoke Summit; 2020; Athens, Greece. https://www.juul-
labsscience.com/wp-content/uploads/sites/8/2020/09/
Nicotine-Pharmacokinetic-and-Subjective-Effect-As-
sessment-of-the-JUUL-System-with-Three-Nicotine-
Concentrations-Relative-to-Combustible-Cigarettes-in-
Adult-Smokers.pdf. Published 2020. Accessed February 
23, 2021. 

48. US Department of Health and Human Services. The 
Health Consequences of Smoking –50 Years of Progress: A 
Report of the Surgeon General. Atlanta, GA: US Centers 
for Disease Control and Prevention; 2014.

49. Lee PN, Coombs KJ, Afolalu EF. Considerations related 
to vaping as a possible gateway into cigarette smoking: an 
analytical review. F1000Res. 2018;7:1915.

50. Etter JF. Gateway effects and electronic cigarettes. Addic-
tion. 2018;113(10):1776-1783.

51. Wissmann R, Zhan C, D’Amica K, et al. Modeling the 
population health impact of ENDS in the U.S. Am J 
Health Behav. 2021;45(3):588-610.

52. Rodu B, Plurphanswat N. E-cigarette use among US 
adults: Population Assessment of Tobacco and Health 
(PATH) Study. Nicotine Tob Res. 2018;20(8):940-948.

53. Goldenson NI, Buchhalter AR, Augustson EM, et al. 
Abuse liability assessment of the JUUL system in four fla-
vors relative to combustible cigarette, nicotine gum and 
a comparator electronic nicotine delivery system among 
adult smokers. Drug Alcohol Depend. 2020:108395.

54. Goldenson NI, Buchhalter AR, Augustson EM, et al. 
Abuse liability assessment of the JUUL system in two nic-
otine concentrations compared to combustible cigarette, 
nicotine gum and comparator electronic nicotine delivery 
system. Drug Alcohol Depend. 2020:108441.

55. Hajek P, Phillips-Waller A, Przulj D, et al. A randomized 
trial of e-cigarettes versus nicotine-replacement therapy. 
N Engl J Med. 2019;380(7):629-637.

56. Walker N, Parag V, Verbiest M, Laking G, Laugesen M, 



Transitions in Smoking among Adults Newly Purchasing the JUUL System

560

Bullen C. Nicotine patches used in combination with e-
cigarettes (with and without nicotine) for smoking ces-
sation: a pragmatic, randomised trial. Lancet Respir Med. 
2020;8(1):54-64.

57. Eisenberg MJ, Hébert-Losier A, Windle SB, et al. Effect 
of e-cigarettes plus counseling vs counseling alone on 
smoking cessation: a randomized clinical trial. JAMA. 
2020;324(18):1844-1854.

58. Prakash S, Xu Y, Vose JG. The effect of Electronic Nico-
tine Delivery System use on combustible cigarette smok-
ing: findings from a randomized trial. https://www.juul-
labsscience.com/wp-content/uploads/sites/8/2020/09/
AHC-The-Effect-of-Electronic-Nicotine-Delivery-Sys-
tem-Use-on-Combustible-Cigarette-Smoking.pdf. Pub-
lished 2020. Accessed February 23, 2021.

Table S1
PATH Wave 4 Past 30-day Smokers Currently Smoking “Not at All” 

Stratified by Wave 3 Smoking Status

Never Smoker
(N = 72)

Former Smoking 
Experimenter

(N = 160)

Former 
Established 

Smoker, 
Long-Term 

Quitter
(N = 79)

Former 
Established 

Smoker, 
Recent 
Quitter
(N = 72)

Current Smoking 
Experimenter

(N = 96)

Current
Established 

Smoker
(N = 223)

Wave 4 smoking 
behavior (1 year later)

N
Mean 
or %

SD N
Mean 
or %

SD N
Mean 
or %

SD N
Mean 
or %

SD N
Mean 
or %

SD N
Mean 
or %

SD

Days smoked in the 
past 30 days,a Mean

72 1.5 4.1 160 1.7 3.8 77 1.6 4.3 70 3.1 5.4 95 2.3 4.3 219 7.1 9.6

Overall CPD,b Mean 38 0.1 0.2 99 0.1 0.4 33 0.9 3.4 59 0.7 2.3 75 0.2 0.7 190 2.7 4.9

Past 7-day Smoking 
(%)

11 16.5 — 39 25.0 — 16 20.6 — 25 35.2 — 35 36.9 — 84 37.6 —

Note.
Abbreviations: CPD, cigarettes per day.
Denominators or sample size may be less than column heads due to missing data.
a  Per PATH logic, respondents who indicated they smoked every day were assigned smoking 30 days out of 30.
b Cigarettes per day in the past 30 days calculated from past 30-day CPD on days smoked and days smoked in the past 30 days.  Missing for those who 
  report smoking on zero days in the past 30 days.
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Table S2
Sample Sociodemographic Characteristics by Smoking Status

Sociodemographic 
Characteristics

Past 30-day 
Established 

Smokers  
Now Smoking 
Every Day or 

Some Days 
(N = 11,919)

Past 30-day 
Established 

Smokers 
Now Smoking 

“Not at all” 
(N = 2603)

Past
30-day 

Experimental 
Smokers 

(N = 3179)

Recent 
Quitters 

(N = 1517)

Long-term 
Quitters

(N = 1733)

Former 
Experimental 

Smokers
(N = 3549)

Never 
Smokers

(N = 2664)

Total
(N = 27,164)

Age, years, Mean (SD) 32.6 (10.6) 30.4 (10.0) 27.1 (9.3) 28.8 (9.3) 35.3 (11.2) 25.3 (7.8) 24.1 (6.5) 29.9 (10.3)

Sex

  Male 54.5 (6452) 60.6 (1563) 59.5 (1879) 63.1 (951) 65.9 (1130) 61.5 (2169) 64.0 (1693) 58.7 (15837)

  Female 44.9 (5315) 38.9 (1002) 39.9 (1260) 36.2 (546) 33.8 (580) 38.0 (1340) 35.1 (929) 40.7 (10972)

  Transgender 0.6 (65) 0.5 (13) 0.6 (18) 0.7 (10) 0.2 (4) 0.6 (20) 0.8 (22) 0.6 (152)

Race/Ethnicity

  Non-Hispanic White 77.9 (8688) 78.7 (1898) 67.3 (1974) 75.6 (1060) 82.0 (1316) 68.0 (2273) 66.2 (1630) 74.4 (18839)

  Non-Hispanic African-
  American

3.1 (347) 3.8 (91) 4.7 (138) 3.3 (46) 2.2 (35) 5.2 (174) 7.1 (174) 4.0 (1005)

  Non-Hispanic Asian 5.8 (642) 4.0 (96) 7.5 (220) 5.1 (71) 4.7 (75) 5.8 (194) 7.2 (178) 5.8 (1476)

  Hispanic Ethnicity 8.6 (956) 8.9 (214) 15.7 (462) 10.2 (143) 7.0 (112) 15.3 (511) 14.3 (352) 10.9 (2750)

  Non-Hispanic Other Race 4.7 (518) 4.7 (114) 4.8 (141) 5.9 (82) 4.2 (67) 5.7 (191) 5.3 (130) 4.9 (1243)

Marital Status

  Married 28.8 (3386) 25.2 (650) 16.0 (496) 22.8 (339) 43.1 (736) 12.9 (447) 9.4 (241) 23.6 (6295)

  Never Married 56.6 (6647) 62.3 (1605) 76.4 (2371) 68.1 (1014) 44.7 (764) 82.5 (2865) 86.1 (2209) 65.5 (17475)

  Divorced, Separated or 
  Widowed

14.6 (1715) 12.5 (321) 7.6 (236) 9.1 (136) 12.2 (208) 4.6 (161) 4.5 (115) 10.9 (2892)

Highest Level of Education Completed

  High school graduate or less
  education

28.3 (3156) 29.5 (719) 33.8 (960) 29.8 (410) 19.1 (308) 30.4 (959) 40.1 (916) 29.9 (7428)

  Some college or associate 
  degree

43.2 (4821) 45.4 (1107) 39.3 (1116) 44.7 (614) 43.3 (700) 41.9 (1325) 41.3 (942) 42.7 (10625)

  Bachelor’s degree or more 
  education

28.5 (3183) 25.1 (613) 26.9 (764) 25.5 (351) 37.7 (609) 27.7 (875) 18.6 (425) 27.4 (6820)

Annual Household Income

  Less than $50,000 53.9 (5573) 54.6 (1233) 62.1 (1638) 55.6 (696) 37.7 (551) 55.8 (1610) 59.1 (1239) 54.7 (12540)

  $50,000-$100,000 29.8 (3079) 29.6 (667) 23.2 (612) 28.2 (353) 33.5 (489) 24.3 (701) 20.9 (438) 27.6 (6339)

  Greater than $100,000 16.3 (1688) 15.8 (357) 14.8 (390) 16.2 (202) 28.9 (422) 20.0 (576) 20.0 (420) 17.7 (4055)

Note.
Values represent % (N) unless noted otherwise.
Based on enrollees with 12-month smoking status data. Denominators or sample size may be less than column heads due to missing data.
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Supplemental Results

 Additional Analysis of Past 30-day Smokers Currently Smoking “Not at All” 
In the ADJUSST study, respondents who reported that they smoked in the past 30 days, and that they now smoke “not 
at all” were not asked how many days they had smoked in the past 30 days or how many cigarettes they smoked per day, 
and thus were not included in calculations of the sample’s cigarette consumption, either at baseline or at follow-up as-
sessments. To gain insight into the smoking behavior of respondents who showed this response pattern, we turned to the 
PATH study1 which also asked both smoking-status questions (past-30-day smoking and now smoking every day, some 
days, or not at all), but did not use them to determine presentation of further questions about past 30-day frequency and 
daily quantity of smoking. Specifically, all respondents who were asked how many days in the past 30 days they smoked 
and how many cigarettes they smoked. Additionally, they were asked how long ago they had last smoked.
 Thus, PATH provides data on the smoking behavior of these past 30-day but not-at-all (P30D-NAA) responders. We 
identified a sample of smokers with P30D-NAA response patterns in PATH Wave 4, who had also provided Wave 3 data. 
To parallel the analyses in the ADJUSST study, we stratified individuals by their smoking status at Wave 3 (the equiva-
lent of ADJUSST baseline), and tallied their reported smoking behavior at Wave 4. Table S1 shows the results.
Except for those who were Current established smokers at Wave 3, all Wave-4 P30D-NAA reported smoking less than 5 
days per month and less than one cigarette per day. Wave-3 established smokers reported smoking 7.1 days per month 
at Wave 4, smoking 2.7 cigarettes per day.  Only a minority of P30D-NAA, generally about one quarter to one third, 
reported they had smoked in the previous seven days.
 In sum, the PATH data strongly suggest that respondents with the P30D-NAA response pattern (ie, reporting they 
smoked in the past 30 days, but reporting they now smoke not at all) are smoking very little, smoking infrequently and 
a modest number of cigarettes.  The majority report 7-day abstinence, suggesting they may consider themselves to have 
stopped smoking, which may help explain their ‘not at all’ response when asked to characterize their current smoking.  
In any case, these data from PATH, though based on a different and relatively small sample, and not addressing ENDS 
use, shed some light on how to interpret the P30D-NAA response pattern. 

Supplemental Reference
 1. Hyland A, Ambrose BK, Conway KP, et al. Design and methods of the Population Assessment of Tobacco and Health 

(PATH) study. Tob Control. 2017;26(4):371-378.
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Cigarette smoking continues to be the leading 
cause of preventable mortality in the devel-
oped world.1 Smoking behavior is persis-

tent, with limited rates of cessation.2 This difficulty 
in the cessation of smoking is largely attributable 
to smokers’ nicotine dependence, a chronic and re-
lapsing condition that robustly predicts continued 
smoking.3 However, nicotine itself is not a major 
factor in smoking-related harm, which is attribut-
able to exposure to the numerous combustion-re-
lated toxins in cigarette smoke.4

Electronic nicotine delivery systems (ENDS) de-
liver nicotine without burning tobacco, and thus, 
enable smokers to obtain nicotine while reducing 

such exposures.4 The US Food and Drug Adminis-
tration (FDA) and other public health and tobacco 
control experts have stated that the ability to sus-
tain some degree of dependence, so that smokers 
can transfer their dependence on highly-toxic ciga-
rettes to ENDS, is a crucial aspect of ENDS’ abil-
ity to promote switching away from cigarettes.5,6 
At the same time, there is concern that ENDS 
may perpetuate or increase smokers’ nicotine de-
pendence.7-9 This raises the question of the degree 
of dependence associated with ENDS use, and the 
changes in dependence as smokers transition from 
smoking to ENDS use.

Assessing dependence on ENDS, and comparing 
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Objectives: In this study, we assessed changes in dependence as smokers transitioned from cig-
arette smoking to exclusive use of the JUUL System (“JUUL”), contrasting users of 5.0% versus 
3.0% nicotine concentration pods. Methods: Overall, 5246 adult (age ≥ 21) established smokers 
(> 100 cigarettes lifetime) who purchased a JUUL device completed online surveys at baseline, 
when smoking, and one and 3 months later; 1758 reported no past-30-day smoking (‘switching’) 
at one or both timepoints. Analyses compared dependence on cigarettes (at baseline) and JUUL 
(at follow-up), as assessed by the 4-item PROMIS scale (Range: 0-4). Results: Switching increased 
from Month 1 (18.3%) to Month 3 (28.6%); switchers at one month (Difference = 0.23) and 3 
months (0.24) showed lower mean baseline cigarette dependence. Dependence decreased sig-
nificantly (ps < .001) from baseline cigarette dependence to JUUL dependence at both one (from 
1.82 to 1.59) and 3 months (1.97 to 1.73); changes did not significantly differ between users of 
5.0% and 3.0% (ps > .43). Dependence on JUUL did not change significantly from Month 1 to 
Month 3. Conclusions: Dependence decreased as smokers transitioned from smoking to exclu-
sive use of JUUL, similarly for users of both nicotine concentrations. Smokers who switch to JUUL 
may reduce their nicotine dependence..
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it to dependence on cigarettes, is psychometrically 
challenging.10 A number of studies have reworded 
questionnaires developed and validated for assess-
ment of cigarette dependence, applying them to 
assessment of ENDS dependence, and using them 
to compare ENDS and cigarette dependence.11-13 
Studies using such measures consistently report 
that dependence on ENDS is lower than depen-
dence on cigarettes – for example, a scale combin-
ing items from multiple cigarette dependence scales 
found that dependence on ENDS was lower than 
dependence on cigarettes (assessed retrospective-
ly),12 and Liu et al13 reached a similar conclusion 
from analysis of several individual items used to as-
sess cigarette dependence. The National Academies 
of Science Engineering and Medicine reviewed this 
literature and also concluded that dependence on 
ENDS was lower than dependence on cigarettes.4

However, most of the measures that have been 
used in such comparisons have not been validated 
psychometrically for assessing ENDS dependence 
and for comparing it to cigarette dependence. Such 
cross-product application and comparability is not 
a given; for example, Strong et al14 found that a 
number of items from existing, validated measures 
of cigarette dependence, administered in the Popu-
lation Assessment of Tobacco and Health (PATH) 
were not valid for comparing different tobacco/nic-
otine products, ie, they did not meet the criterion 
of measuring the same thing in the same way, such 
that the scores could be compared quantitatively.15

Analyses of data from the PATH Study, using 
the Tobacco Dependence Index (TDI), a depen-
dence measure that did demonstrate cross-product 
validity and invariance,14,16 have found that de-
pendence on ENDS is lower than dependence on 
cigarettes,13,14,16 including among dual users.16 This 
finding is consistent with a study of dual users that 
used the brief 4-item scale developed by the Patient-
Reported Outcomes Measurement Information 
System (PROMIS) group17 (adapted for ENDS).18 
However, one psychometric analysis of the 4-item 
PROMIS scale (currently under review) indicated 
that its validity for assessing ENDS dependence was 
limited. Specifically, the measure was found to be 
valid for assessing dependence on cigarettes both in 
smokers and in dual users, but was only valid for 
assessing ENDS dependence in exclusive ENDS us-
ers, not in dual users, where the scale failed a test of 

factorial validity, precluding comparisons of ENDS 
and cigarette dependence in dual users.19

ENDS are a diverse product category, with varia-
tions in many factors, including nicotine delivery. 
The JUUL System (Juul Labs Inc) ENDS – hence-
forth “JUUL” – are among the most widely used 
ENDS, accounting for the majority of ENDS 
purchases in conventional retail outlets.20 JUUL 
uses nicotine-salt based e-liquids, which have 
been speculated to have higher dependence po-
tential.21,22 Hence, when evaluating dependence it 
may be important to consider particular product 
characteristics including nicotine concentration 
and formulation.

Two studies have examined rates of switching 
away from smoking (defined as past-30-day smok-
ing abstinence) in adult established smokers who 
newly purchased JUUL.23,24 Both found that the 
proportion of smokers switching away from smok-
ing increased over time, and that heavier smokers 
were less likely to switch. The larger of the stud-
ies, using the PATH TDI, found that smokers 
with higher cigarette dependence were less likely 
to subsequently switch, and that those who did 
switch (vs dual users) were distinguished by greater 
dependence on JUUL, both cross-sectionally and 
prospectively.24 The latter finding is consistent with 
2 analyses of PATH showing that exclusive users of 
ENDS demonstrate higher dependence on ENDS 
than do dual users.16,25 These findings are consis-
tent with the concept that dependence on ENDS 
can facilitate switching, perhaps through the trans-
fer of dependence from cigarettes to ENDS.5,6

Such between-subjects analyses comparing 
smokers to ENDS users may be confounded by 
uncontrolled interindividual differences between 
these self-selected groups. Furthermore, they only 
provide a snapshot of dependence at a single point 
in time. Prospective longitudinal data are required 
to evaluate whether smokers’ dependence chang-
es when they transition from smoking to use of 
ENDS. The current longitudinal study assessed 
prospective within-person changes in dependence 
as adult smokers switched completely from smok-
ing to use of JUUL.

An additional question is whether the nicotine 
concentration of the e-liquid in ENDS such as 
JUUL affects the potential for dependence. Phar-
macokinetic assessments of tobacco and nicotine-
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delivering products demonstrate that that higher 
levels of nicotine delivery are associated with in-
creased dependence potential.26 To address this 
with respect to JUUL, the current study compared 
changes in dependence for those switching to the 2 
different JUULpod nicotine concentrations – 5.0% 
(59 mg/mL) and 3.0% (35 mg/mL) – which have 
been demonstrated to differ in nicotine delivery.27

Accordingly, the primary aims of this study were 
to assess: (1) changes in dependence as smokers 
transitioned from cigarette smoking to exclusive 
use of JUUL; and (2) whether such changes dif-
fered between switchers using JUUL in 5.0% and 
3.0% nicotine concentrations. In the course of 
addressing these questions, analyses also assessed 
differences in smoking characteristics between 
smokers who did (vs did not) switch, including the 
association of baseline cigarette dependence and 
future switching.

METHODS
Participants

US and Canadian adults who recently purchased 
a JUUL in a retail store or online via the manu-
facturers’ ecommerce platform were invited to join 
a longitudinal study beginning in January 2019. 
Eligibility criteria included: (1) age ≥ 21 years; (2) 
permanent resident of either the United States or 
Canada; and (3) purchased a JUUL Device Kit or 
Starter Kit for the first time within the 3 days pri-
or to receiving an invitation to participate in this 
study. Participants employed by or related to an 
employee of Juul Labs Inc or PAX Labs Inc were 
ineligible. Participants provided informed consent 
and were compensated for their participation. The 
analytic sample was restricted to established smok-
ers (smoked ≥ 100 cigarettes in lifetime, smoked 
in the past 30 days, currently smoke ‘some days’, 
or ‘every day’) at baseline who provided follow-up 
data at one and 3 months.

Procedure
Participants were recruited in 2 ways: (1) study 

invitation cards were inserted into the packaging of 
JUUL Device Kits and JUUL Starter Kits; (2) indi-
viduals who purchased a JUUL Starter Kit via the 
online ecommerce platform were invited via a post-
purchase study recruitment email. Each invitation 

carried a unique code that could only be used once. 
Additionally, to prevent duplicate enrollment, the 
survey system detected and rejected duplicate log-
ins from the same IP (Internet Protocol) address. 
Participants completed the baseline survey and 
subsequently received email invitations to com-
plete follow-up assessments one and 3 months af-
ter the baseline assessment. They were not provided 
with products, but purchased and used them on 
their own; continuing participation and compen-
sation were not contingent in any way on JUUL 
use or smoking behavior. All data collection was 
overseen by the Centre for Substance Use Research 
(Glasgow, Scotland; www.csures.com), and con-
ducted by Dacima (https://www.dacimasoftware.
com/). As Supplemental Figure 1 shows, 10,447 
smokers enrolled, 2526 completed one of the 2 
follow-ups, and 5246 completed both the one- and 
3-month follow-ups.

Measures
Past 30 day JUUL use at follow-up. At the fol-

low-up assessments, past 30-day JUUL use was as-
sessed with the question: “Have you used a JUUL 
vaporizer in the past 30 days, even one or 2 puffs?” 
(yes/no). Past 30-day JUUL users were asked how 
many days of the past 30 they had used JUUL, and 
how many JUULpods total they had used in the 
past 30 days, and JUUL dependence questions. 

Primary JUUL nicotine concentration used at 
one-month and 3-month follow-ups. Participants 
reported the number of JUULpods they used in 
each flavor and nicotine concentration in the past 
30 days (open-ended, continuous). Participants’ 
primary JUUL nicotine concentration (5.0% or 
3.0%) was operationalized as the nicotine concen-
tration used most in the past 30 days (ie, the con-
centration with greatest number of JUULpods). 
This was computed separately at one and 3 months, 
as participants could change their use patterns, and 
thus, their primary concentration over time. Some 
participants did not have a primary nicotine con-
centration because they reported using an equal 
number of JUULpods in each concentration; they 
were excluded from comparisons by nicotine con-
centrations at the relevant timepoint. Observations 
missing the data needed to determine a primary 
nicotine concentration (N = 13 at one month and 
N = 65 at 3 months) and the few cases where a 
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1.5% nicotine concentration (available only in 
Canada) was reported as primary (N = 11 at one 
month, N = 22 at 3 months) also did not enter into 
the analyses by nicotine concentration. 

Smoking/switching at follow-ups. At each fol-
low-up, participants were asked: “In the past 30 
days, have you smoked a cigarette, even one or 
2 puffs?” (Yes/No). Reporting “No” past 30-day 
smoking was designated as “switching.” Past-30-
day abstinence from smoking has been used in past 
literature (including PATH) to assess and classify 
subsequent smoking status in follow-ups of smok-
ers using ENDS.28

Cigarette and JUUL dependence. The 4-item 
PROMIS Nicotine Dependence scale,29-31 assess-
ing cigarette dependence was administered at base-
line. A modified version of the scale adapted for 
ENDS17 and reworded to assess dependence on 
JUUL was completed at follow-up assessments: (1) 
“I find myself reaching for a JUUL vaporizer with-
out thinking about it.” (2) “I drop everything to go 
out/go online and buy more JUULpods.” (3) “I use 
a JUUL vaporizer more before going into a situa-
tion where vaping is not allowed.” and (4) “When 
I haven’t been able to use a JUUL vaporizer for a 
few hours, the craving gets intolerable.” All items 

were answered on 5-point response scales (from 0 
[“Never”] to 4 [“Almost always”]); means were used 
in analysis. A psychometric analysis indicated that 
the scale was valid for comparison of dependence 
for smokers and for exclusive JUUL users, but not 
for JUUL dependence among dual users.19 Accord-
ingly, analyses focus on JUUL dependence among 
participants who were not smoking at follow-up 
(ie, switchers).

Data Analysis
To characterize the dependence measures, Pear-

son correlations were computed between JUUL 
dependence and past 30-day JUUL use frequency 
(days in the past 30) and quantity (number of pods 
used in past 30 days; log transformed to reduce 
skewness), at each timepoint. Correlations were 
computed between cigarette dependence and sub-
sequent JUUL dependence at one and 3 months.

Analyses of changes in dependence were lim-
ited by psychometric considerations to those who 
switched completely to JUUL at each respective 
follow-up. To document the implications of this 
selection for baseline cigarette dependence, t-tests 
compared the baseline cigarette dependence scores 
and other smoking characteristics for switchers and 

Table 1 
Differences in Baseline Smoking Characteristics and Dependence by 

Switching at One-month and 3-month Follow-up Assessments
Baseline Smoking Characteristics 
Mean (SD)

Switched at One-month
(N = 958)

Not Switched at One-month
 (N = 4288)

Differencea

p-value

No. Days Smoked in Past 30 Days 20.94 (10.69) 25.88 (7.83) < .0001

No. Cigarettes Smoked per Day 10.09 (11.41) 13.87 (12.60) < .0001

Duration of Regular Smoking, years 14.39 (10.44) 18.66 (12.08) < .0001

Cigarette Dependence (PROMIS) 2.82 (1.10) 3.15 (0.95) < .0001

Switched at 3-months
(N = 1498)

Not Switched at 3-months
 (N = 3748)

Differencea

p-value

No. Days Smoked in Past 30 Days 22.77 (9.93) 25.86 (7.89) < .0001

No. Cigarettes Smoked per Day 11.57 (12.50) 13.82 (12.41) < .0001

Duration of Regular Smoking, years 15.76 (11.01) 18.74 (12.15) < .0001

Cigarette Dependence (PROMIS) 2.97 (1.05) 3.14 (0.96) < .0001

Note. 
a Differences tested with independent samples t-tests.
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non-switchers at one and 3 months, respectively.
Three primary analyses were conducted: (1) de-

pendent t-tests assessed changes in dependence 

from baseline cigarette smoking to JUUL de-
pendence among complete switchers at one- and 
3-month follow-ups, separately, because smokers’ 

Table 2
Sociodemographic, Smoking, and JUUL Use Characteristics of Analytic Sample

Sociodemographic Characteristics N (%) or Mean (SD) Number Availablea

Country 1758

   Canada 419 (23.8)

   United States 1339 (76.2)

Age, years, Mean (SD) 35.93 (10.93) 1758

Sex 1758

   Male 984 (56.0)

   Female 767 (43.6)

   Transgender 7 (0.4)

Race/Ethnicity 1755

   Non-Hispanic White 1286 (73.3)

   Non-Hispanic Black 38 (2.2)

   Non-Hispanic Asian 211 (12.0)

   Non-Hispanic Other Race 83 (4.7)

   Hispanic Ethnicity 137 (7.8)

Marital Status 1753

   Married 693 (39.5)

   Divorced, Separated or Widowed 269 (15.3)

   Never Married 791 (45.1)

Highest Level of Education Completed 1750

   High school graduate or less education 389 (22.2)

   Some college or associate degree 750 (42.9)

   Bachelor’s degree or more education 611 (34.9)

Smoking Characteristics 

   No. Days Smoked in Past 30 Days, Mean (SD) 22.33 (10.14) 1758

   No. Cigarettes Smoked per Day, Mean (SD) 11.29 (12.65) 1758

   Duration of Regular Smoking, years, Mean (SD) 15.34 (10.87) 1676

   Age Started Smoking Regularly, years, Mean (SD) 18.54 (4.22) 1678

   Cigarette Dependence (PROMIS), Mean (SD) 1.93 (1.06) 1722

(continued on next page)
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JUUL Use Characteristics at One Month

   No. Days Used JUUL in Past 30 Days, Mean (SD) 27.76 (5.79) 958

   Primary users of 3.0% nicotine concentration 26.85 (5.97) 60

   Primary users of 5.0% nicotine concentration 28.16 (5.32) 806

   No. of JUUL pods used in the past 30 days, Mean (SD) 17.86 (17.22) 952

   Primary users of 3.0% nicotine concentration 16.17 (13.09) 60

   Primary users of 5.0% nicotine concentration 17.53 (14.33) 806

JUUL Use Characteristics at 3 Months

   No. Days Used JUUL in Past 30 Days, Mean (SD) 26.96 (7.02) 1498

   Primary users of 3.0% nicotine concentration 26.57 (7.03) 160

   Primary users of 5.0% nicotine concentration 27.36 (6.67) 1198

   No. of JUULpods used in the past 30 days, Mean (SD) 19.36 (22.65) 1481

   Primary users of 3.0% nicotine concentration 17.49 (14.04) 160

   Primary users of 5.0% nicotine concentration 18.74 (15.06) 1198

Note. 
Total N = 1758 
a Number of participants or observations with non-missing data available for the respective variable. 
Sample restricted to Current Established Smokers at Baseline who were exclusive JUUL Users at either the 
   one-month or 3-month follow-up assessment and completed both follow-up assessments. Sample sizes for 
   JUUL-use variables based on those using JUUL and reporting details of their use. Subsets for primary users of 
   3.0% and 5.0% based on those reporting primary use of these nicotine concentrations.

switch status could change between follow-ups; (2) 
multi-level linear models (MLM) assessed whether 
such changes in dependence varied by primary nic-
otine concentration (ie, whether there was a time 
× nicotine concentration interaction), contrasting 
participants primarily using the 3.0% or 5.0% 
nicotine concentration products at the one-month, 
and 3-month follow-up, separately, as participants 
could change their primary nicotine concentration 
between follow-ups, and could switch at one fol-
low-up but not the other; (3) among smokers who 
switched at both the one-month and 3-month fol-
low-ups (N = 698) MLM models assessed changes 
in dependence across all 3 timepoints (baseline, 
Month 1, Month 3), comparing each follow-up to 
baseline and also comparing Month 3 to Month 

1 (nicotine concentration could not be considered 
in this 3-timepoint analysis because of sample size 
and changes in concentration across follow-ups).

All statistical analyses were performed using R 
version 4.0.2 (Vienna, Austria)32 with alpha = .05 
(2-tailed). 

RESULTS
Switching and Baseline Smoking 
Characteristics

The dependence analyses focused on smokers who 
switched completely at each follow-up. At Month 
1, 18.3% of smokers (958/5246) reported switch-
ing away from smoking to exclusive JUUL use (no 
smoking in the past 30 days, JUUL use in the past 

Table 2 (continued)
Sociodemographic, Smoking, and JUUL Use Characteristics of Analytic Sample

Sociodemographic Characteristics N (%) or Mean (SD) Number Availablea
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30 days). At Month 3, the proportion that switched 
increased to 28.6% (1498/5246). The increase was 
statistically significant (McNemar test, p < .001), 
reflecting the fact that 797 Month-1 smokers had 
switched at Month 3, whereas only 224 Month-1 
switchers had reverted to smoking at Month 3.

Table 1 shows the baseline smoking characteristics 
of those who had or had not switched completely at 
one and 3 months, respectively. Those who switched 
at either timepoint were consistently lighter smokers 
with shorter smoking histories. Notably, switchers 
were significantly less cigarette-dependent at base-
line, implying that the sample of switchers subject 
to further analysis of JUUL dependence represent 
less cigarette-dependent smokers.

Characteristics of the Sample with JUUL 
Dependence Data

A total of 1798 participants had switched at ei-

ther follow-up, or both, and provided valid data on 
JUUL dependence. Approximately three-fourths of 
these (76.2%) were American, and the average age 
was 35.93 years (Table 2). The largest proportion 
was male (56.0%), non-Hispanic white (73.3%), 
never married (45.1%), and attended some col-
lege (42.9%). At baseline, on average, participants 
reported smoking on about two-thirds of the past 
30 days, smoking 11.29 cigarettes per day, initiat-
ing regular smoking at around age 18, and having 
regularly smoked for 15 years.

JUUL Use at Follow-up Assessments and 
Association with JUUL Dependence 

At one month, participants who switched re-
ported, on average, using JUUL 27.76 days (SD 
= 5.79) out of the past 30 days and using 17.86 
JUULpods (SD = 17.22) in the past 30 days (Table 
2). At 3 months, participants averaged using JUUL 
26.96 days (SD = 7.02) out of the past 30 days and 

Table 3
Association of JUUL System Dependence and Frequency and Intensity of JUUL 

System Use at One-month and 3-month Follow-up Assessments

JUUL Dependence One-month and 
3-month Follow-up Assessment

Past 30-day Frequency of  
JUUL System Use

r (95% CI)

Number of JUUL System Pods 
used in the past 30 daysa

r (95% CI)

One Month 0.20 (0.14, 0.26) 0.35 (0.29, 0.40)
3 Months 0.26 (0.22, 0.31) 0.34 (0.29, 0.38)

Note.
CI = Confidence Interval; r = Correlation Coefficient
a Log-transformed to correct skewness. 
Past 30-day frequency of JUUL System use: One-month, N = 958; 3-month, N = 1498.
Number of JUULpods used in the past 30 days: One -month, N = 952; 3-month, N = 1481.

Table 4
Changes from Baseline Dependence on Combustible Cigarettes to JUUL System 

Dependence at One- and 3-month Follow-ups among Exclusive JUUL Users at Follow-up

Follow-up
Assessment

Cigarette Dependence 
at Baseline

JUUL Dependence  
at Follow-up Difference Paired t-test

M (SD) M (SD) M p-value

One Month (N = 958) 1.82 (1.10) 1.59 (0.86) 0.23 < .001

3 Months (N = 1498) 1.97 (1.10) 1.73 (0.82) 0.24 < .001
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using 19.36 JUULpods (SD = 22.65) in the past 
30 days. At both follow-ups these use parameters 
were similar for primary users of 3.0% and 5.0% 
nicotine concentrations (Table 2).

At both one month and 3 months, JUUL de-
pendence was significantly associated with both 
frequency and quantity of JUUL use, though the 
correlations were limited in magnitude (rs = 0.20-
0.35; Table 3).

Dependence on JUUL was moderately related to 
prior dependence on cigarettes, at both timepoints 
(1 month: r = 0.44; 3 months: r = 0.38).

Change in Dependence from Baseline Cigarette 
Smoking to JUUL One and 3 Months Later

As Table 4 shows, among participants who 
switched completely at the one-month follow-up, 
levels of dependence decreased significantly from 

their cigarette dependence at baseline to their de-
pendence on JUUL at one month. Similarly, de-
pendence decreased significantly from baseline 
cigarette dependence to JUUL dependence at 
Month 3. 

This pattern was also observed among the 698 
smokers who switched at both timepoints: JUUL 
dependence was significantly lower at both Month 
1 and Month 3 compared to cigarette dependence 
at baseline. JUUL dependence did not change sig-
nificantly between Month 1 and Month 3 (Table 
5).

Change in Dependence from Baseline Cigarette 
Smoking to JUUL Dependence, by Nicotine 
Concentration Used

At one month, 866 switchers were primarily us-
ing either 3.0% or 5.0% nicotine concentrations, 

Table 6
Changes from Baseline Dependence on Combustible Cigarettes to JUUL 

System Dependence at One- and 3-month Follow-ups among Exclusive JUUL 
Users at Follow-up by Nicotine Concentration

Follow-up
Assessment

Primary JUUL 
Nicotine 
Concentration

Cigarette  
Dependence 
at Baseline

JUUL 
Dependence  
at Follow-up

Difference
Primary Nicotine 
Concentration × 

Dependence Interaction

M (SD) M (SD) M p-value

One-month 
(N = 866)

5.0% 1.85 (1.10) 1.62 (0.84) 0.23
.78

3.0% 1.77 (1.10) 1.50 (0.90) 0.27

3-month 
(N = 1301)

5.0% 1.98 (1.04) 1.75 (0.81) 0.23
.43

3.0% 1.93 (1.01) 1.63 (0.78) 0.30

Table 5
Changes in Dependence from Baseline across Follow-up

Cigarette Dependence at Baseline JUUL Dependence at One Month JUUL Dependence at 3 Months

1.86 (1.09)a 1.60 (0.85)b 1.67 (0.86)b

Note.
a, b Means with different letter superscripts differ significantly from each other. Those sharing a superscript were not 
     significantly different from each other.
N = 698 participants who had switched to exclusive JUUL use at both one month and 3 months.
Dependence values that do not share the same superscript significantly differ (p < .05).
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and thus, entered into analyses by nicotine con-
centration; 93.1% were using 5.0% nicotine con-
centration. At 3 months, 1301 were using either 
5.0% or 3.0%; 87.5% were using 5.0% nicotine 
concentration pods. Transitions in primary nico-
tine concentration across months were not uncom-
mon. Among those who had switched completely 
at either timepoint (ie, those in analyses by nico-
tine concentration), 26.6% reported a change in 
primary nicotine concentration at both timepoints. 
Some (8.6%) transitioned between the 3.0% and 
5.0% primary nicotine concentrations (with pro-
portionately more going from 5.0% at Month 1 
to 3.0% at Month 3), while others (11.1%) tran-
sitioned between having and not having a primary 
nicotine concentration (equally in each direction). 
As a result, participants’ classification by nicotine 
concentration often differed between the Month 1 
and Month 3 follow-up assessments, and the sam-
ple sizes in each cohort varied in the analyses that 
follow.

The MLM modeling of interaction effects showed 
that the decreases from cigarette dependence to 
JUUL dependence did not significantly differ be-
tween users of 3.0% and 5.0% nicotine JUUL; this 
was true at both one month (p = .78) and 3 months 
(p = .43; Table 6).

DISCUSSION
This longitudinal study assessed changes in de-

pendence among adult smokers who switched 
from smoking to exclusive use of JUUL one month 
and/or 3 months after their initial JUUL purchase, 
respectively. These smokers showed a significant 
decline in dependence, from their initial depen-
dence on cigarettes at baseline to their dependence 
on JUUL one and 3 months later. Moreover, the 
declines were similar whether participants primar-
ily used JUUL in the higher available nicotine con-
centration (5.0%) or the lower one (3.0%).

On the raw-score metric of the PROMIS scale, 
the observed differences were small; among 
Month-3 switchers, the decline from baseline 
cigarette dependence and JUUL dependence was 
0.23 on the 0-4 scale. However, analyses showed 
that switching away from smoking at 3 months, an 
important behavioral transition with likely public 
health significance, was predicted by even smaller 
mean differences of just 0.17 in baseline PROM-

IS scores, on the same, quantitatively-comparable 
scale. Analyses of the TDI in PATH similarly in-
dicated that small differences in dependence scores 
were behaviorally meaningful, both cross-section-
ally and prospectively.16,33 Small numerical differ-
ence on these scales appear to index meaningful 
differences in dependence and in subsequent be-
havioral outcomes.

The observed decreases in dependence as smokers 
switched from cigarettes to JUUL should be inter-
preted in light of the fact that these were assessed 
among smokers who had switched completely 
away from smoking. Analyses in this sample, and 
those in a separate sample of JUUL purchasers, 
show that smokers who switch started with low-
er baseline cigarette dependence.24 An analysis of 
switching among smokers who purchased JUUL, 
using the PATH TDI scale, showed that smok-
ers who switched subsequently had higher JUUL 
dependence than did dual users.24 Taken togeth-
er, these findings suggest that the present sample 
would represent a smaller decrease in dependence 
than would be observed among dual users (ie, from 
a lower baseline level of cigarette dependence to 
a relatively higher JUUL dependence, compared 
to dual users). Additionally, the sample was com-
prised of smokers who purchased JUUL and were 
using it frequently (almost daily), which would also 
suggest higher dependence than might be observed 
in more intermittent or casual users.

The results of this study are consistent with pre-
vious cross-sectional analyses of the PATH study 
showing that adults exclusively using ENDS dem-
onstrated lower dependence than exclusive ciga-
rette smokers.14,16 The present study extends our 
understanding by assessing within-subject changes 
in dependence over time in the same individuals. 
This longitudinal design inherently controls for 
interindividual variation, and suggests that depen-
dence declines as smokers transition from smok-
ing to JUUL use. The present data also extend the 
findings from the whole range of ENDS products 
evaluated in PATH to JUUL, a nicotine-salt-based 
ENDS, finding that dependence on JUUL is lower 
than dependence on cigarettes.

We also found that the decline from cigarette 
to JUUL dependence among smokers switching 
completely from smoking to JUUL use did not sig-
nificantly differ among participants using JUUL in 
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higher (5.0%) versus lower (3.0%) nicotine concen-
trations. There was no evidence of compensation 
among those using the lower-nicotine products, as 
their reported quantity and frequency of JUUL use 
were similar. However, it should be kept in mind 
that participants self-selected the nicotine concen-
tration they used. The data on baseline cigarette 
dependence by participants’ selected nicotine con-
centration (Table 5) suggests that smokers who 
were more dependent on cigarettes tended to select 
the higher nicotine concentration JUUL. Where-
as the study did not collect data on how smokers 
decided which nicotine concentration to use, this 
observation may indicate that, whether intuitively 
or with explicit intention, smokers may have made 
apt self-selection decisions based on their level of 
dependence on cigarettes. Future research is need-
ed to improve understanding of users’ self-selection 
of nicotine concentrations for ENDS products.

Although the present sample of adult smokers 
purchasing JUUL reported somewhat-lighter-than-
average smoking at baseline, the sample demon-
strated levels of baseline cigarette dependence in 
the range of those in the population. The sample 
on which the PROMIS measure was developed, 
which was sampled and weighted to be representa-
tive of US adult smokers, averaged a score of 2.0 
on the PROMIS scale.30 Even the smokers who 
reported subsequently switching (and hence were 
less-dependent) demonstrated baseline dependence 
levels close to this score.

The literature offers several potential explana-
tions for why dependence on ENDS (including 
JUUL) may be lower than dependence on ciga-
rettes. Decades of abuse liability research1,26,34,35 
and more recent population-based analyses14,16,25 
demonstrate that cigarettes are the most addic-
tive tobacco product. Cigarettes contain numer-
ous additives and compounds other than nicotine 
(eg, ammonia, acetaldehyde, levulinic acid, urea) 
that have been speculated to contribute to depen-
dence.36-38 Cigarette smoking also involves a wide 
variety of multi-sensory stimuli that may contrib-
ute to its addictiveness, and smokers in this study 
typically had years of experience and conditioning 
to the rituals of smoking.39,40 Hence, it is possible 
that dependence on JUUL and other ENDS might 
increase with experience and exposure to ENDS. It 
also has been observed that cigarettes in effect force 

smokers into bouts of puffing (because, once lit, a 
cigarette will burn down, so must be smoked with-
in about 10-12 minutes), which would lead to sub-
stantial peaks in blood nicotine levels. In contrast, 
some users of ENDS use sporadically or “graze” 
throughout the day, with smaller bouts distributed 
more sparsely,41,42 which would be expected to re-
sult in lower peak nicotine levels, even at the same 
total intake. This may play a role in the reduced 
dependence on ENDS.

Pharmacokinetic data suggest that the use of the 
JUUL by smokers results in nicotine delivery that, 
on average, is substantially less than cigarettes, even 
in the higher 5.0% concentration,27,43,44 (although 
dual users may obtain more nicotine)45 which in 
turn delivers significantly more nicotine than the 
JUUL 3.0%.27 Additionally, the difference in nico-
tine delivery between the 5.0% nicotine concentra-
tion JUUL product and cigarettes is, on average, 
much larger than the difference between these 2 
JUUL variants.46 Our data suggest that despite the 
higher nicotine delivery of the 5.0% (vs 3.0%) 
JUUL, self-selected users of each experience similar 
decreases in dependence when transitioning from 
cigarettes to JUUL.

One implication of the finding that dependence 
on JUUL is lower than dependence on cigarettes is 
that smokers who switch completely from smok-
ing to JUUL use (and likely use of other ENDS 
as well) may find that stopping JUUL use is eas-
ier than stopping smoking. Indeed, an analysis of 
PATH data found that ENDS users who made a 
deliberate attempt to quit ENDS were twice as 
likely to succeed compared to cigarette smokers 
trying to quit smoking, and over a one-year period 
ENDS users were more than 4 times more likely 
than cigarette smokers to stop using ENDS (vs 
stopping smoking).33

Data among participants who switched at both 
Month 1 and Month 3 suggest that JUUL depen-
dence did not change significantly between Month 
1 and Month 3 in this continuing-switcher group. 
Given the evidence that higher JUUL dependence 
is associated with switching,47 and the conceptual 
framework suggesting that a certain degree of de-
pendence is necessary to facilitate smokers’ switch-
ing away from cigarettes,5,6 it is possible that such 
continuing dependence is important to maintain-
ing switching.
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It is notable that the proportion of smokers who 
switched away from smoking increased substan-
tially from Month 1 (18%) to Month 3 (29%). 
Continuing increases in switching were observed 
in 2 other large studies of JUUL purchasers, where 
the majority of smokers reported switching at 6 
months23 or 12 months.24 This is a different pat-
tern than is observed in smoking cessation stud-
ies, where abstinence declines steeply over time,2 
highlighting that the process of switching with 
ENDS may be quite different than smoking cessa-
tion, as traditionally construed. As seen in another 
analysis of switching with JUUL,24 some smokers, 
especially those with more extensive smoking his-
tory, take longer to switch away from smoking, 
suggesting a gradual growth process. It may be that 
smokers need time to adapt to JUUL as a substitute 
for cigarette smoking. Another manuscript in this 
journal issue found that smokers concurrently us-
ing JUUL (dual users) substantially reduced their 
cigarette consumption,48 so it also may be that 
smokers work their way to complete switching 
through a process of gradual cigarette reduction.49 
Importantly, another study of JUUL purchasers 
found that most were not ready to quit at the time 
of purchase (defined as planning to quit within 30 
days),24 but nevertheless achieved high switching 
rates over time, again suggesting that there may be 
a gradual process for achieving switching. The pro-
cess of switching away from smoking with ENDS 
may be different than the process of a smoking-ces-
sation attempt. A similar observation was made by 
Glasser et al,50 who noted that smokers may initial-
ly adopt ENDS products for a variety of reasons, 
not necessarily as an aid to cessation in a formal 
quit attempt, observing a key distinction between 
intervention trials and naturalistic follow-ups of 
ENDS adopters such as in the present study.

Our results should be interpreted in light of 
several limitations. The sample was comprised of 
smokers who purchased JUUL, and the results 
may not generalize to other ENDS products. Phar-
macokinetic data indicate that nicotine delivery 
from JUUL is comparable to that of some other 
marketed ENDS, but higher than others.45,51-53 In 
any case, the present data suggest that switching 
to exclusive use of the nicotine-salt-based JUUL 
resulted in a decline in dependence compared to 
smokers’ baseline cigarette dependence. The find-
ings here are based on adult smokers 21 and older, 

and their applicability to youth or to users of other 
tobacco products is not addressed by these data.

Respondents all purchased the JUUL and volun-
teered to participate, and may not be representative 
of the overall population of JUUL users, which is 
often defined on the basis of any past-30-day use. 
Some who enrolled in the study did not respond 
at follow-ups, which could introduce bias in the 
follow-up samples. It is important to keep in mind 
that in this naturalistic study, smokers self-selected 
which nicotine concentration to use. Thus, com-
parisons based on the nicotine concentration used 
are between different groups of smokers who made 
different decisions about which nicotine concen-
tration to use, which complicates the comparison. 
However, the analyses focused on within-subjects 
changes over time, comparing cigarette depen-
dence and JUUL dependence in the same individ-
uals. All analyses were based on self-reports, and 
thus, subject to inherent limitations. Participants 
completed the baseline survey up to 3 days after 
their initial JUUL purchase, and it is possible that 
their smoking behavior might have changed in that 
time period.

Strengths of the study included its naturalistic 
design among smokers who made a decision to use 
and purchase JUUL, and the use of a dependence 
scale that has been validated to assess both ciga-
rette and JUUL dependence, and for comparison 
between the 2.

Conclusions
This prospective study of adult smokers who 

switched completely to JUUL found that depen-
dence declined as smokers transitioned from ciga-
rette smoking to exclusive use of JUUL, and that 
the declines did not differ significantly by JUUL 
nicotine concentration of 5.0% or 3.0%.
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Restricting access to tobacco products of indi-
viduals under the legal age of purchase (hence-
forth “youth”) is a critical element of tobacco 

control policy in the United States (US). Following 
the significant increases in youth use of electronic 
nicotine delivery systems (ENDS) in recent years,1 
policymakers, regulators, and manufacturers have 
taken several actions to prevent the sale of ENDS 
products to minors and restrict access in places where 
ENDS products are sold.2 In 2016, the US Food 
and Drug Administration (FDA) extended its au-

thority beyond combustible cigarettes and smokeless 
tobacco to include all tobacco products, for the first 
time restricting the purchase of ENDS to individu-
als aged 18 years or older. The ruling also required 
a photo identification (ID) to verify the age of in-
dividuals who are under the age of 27 years.3 Other 
notable initiatives included state-level tobacco retail 
licensing laws,4 the implementation of assurances of 
voluntary compliance between states and corporate 
retailers,5 and legislation requiring age-verification to 
enter vaping shops.6 An important development is 
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the 2019 passage of federal legislation that raised the 
minimum-purchasing age for the sale of all tobacco 
products, including ENDS, from 18 to 21 years na-
tionally.7 Whereas many restrictions aim to reduce 
underage access through age-verification initiatives, 
their effectiveness depends on ground-level compli-
ance by retailers and retail clerks or cashiers. Data 
suggest that retailers often violate these youth access 
laws and regulations. Roesler et al8 demonstrated 
that nearly 49.8% of tobacco and vape shops failed 
to check IDs for individuals under 27 years old, and 
44.7% of these stores sold products to underage 
decoys in 2018. Violations were higher for ENDS 
products than for combustible cigarettes.8 With re-
gards to the sale of ENDS products specifically, in 
2018, the FDA issued warning letters and fines to at 
least 1300 brick-and-mortar and online retailers that 
sold ENDS products to minors.9 In a 2020 study of 
vape shops in 6 metropolitan statistical areas in the 
US, Berg et al10 reported that while 95% of these 
shops displayed minimum-age signage, only 35.6% 
of mystery shoppers were asked for ID upon entry 
and 23.4% upon purchase.

Consistent with this, studies find that underage 
ENDS users do report obtaining ENDS through 
purchase. Nationally representative prevalence sur-
veys showed that 15%-30% of youth below the 
minimum-purchasing age for tobacco products re-
ported purchasing ENDS products directly from 
retail settings.11 Similar numbers have been reported 
for underage purchase of JUUL-brand ENDS prod-
ucts (henceforth: “JUUL”) users.12 These findings 
confirm limited retailer compliance with age-verifi-
cation requirements. Restricting access at the point-
of-sale among those who are underage is particularly 
important as these direct purchasers are more likely 
to be frequent and even daily ENDS users.13-15

Other underage ENDS users obtain ENDS from 
other individuals, who are often termed “social 
sources.”8,12,14,16,17 About half of these social sourc-
es are friends.18,19 This suggests that these social 
sources could also be impeded by an effective ap-
plication of age-verification requirements, as most 
adolescents’ friends are same-age peers who would 
be ineligible to purchase.20 Moreover, some “social 
sourcing” actually consists of second-order purchas-
es; that is, youth report buying them from someone 
else,12 who has presumably purchased them from a 
retailer. This suggests that reducing bulk purchases, 

where a person buys quantities that seem to exceed 
the needs of personal use and may indicate purchase 
for sharing or resale, could potentially also block 
additional sources of youth access to ENDS. These 
findings suggest that reducing underage purchase of 
ENDS and bulk purchase of high quantities could 
help address product leakage to minors.

To address underage purchase, the FDA has rec-
ommended that manufacturers and retailers em-
ploy effective sales and distribution restrictions.21 
An emerging body of evidence suggests that retail 
point-of-sale-based measures can be effective in 
reducing underage access to tobacco products.22 
However, Krevor et al23 found no effect of equip-
ping retail locations with an ID scanner that was 
separate from the retailers’ POS systems, based on 
comparing pre- vs post-implementation mystery 
shopper audits. They suggested that a system better 
integrated into the sale work-flow might be need-
ed. To this end, Juul Labs Inc (JLI) has developed 
a standards-based program, tied to the retailer’s 
point-of-sale system, for the sale of the JUUL prod-
ucts that is integrated with the retailers’ point-of-
sale systems, blocking conclusion of a sale unless an 
ID is scanned. This program is called RACS™ (Re-
tail Access Control Standards). RACS automatical-
ly controls transactions involving JUUL products 
from beginning to end, ensuring that the retailer 
verifies the purchaser’s age and ID validity and also 
limits the amount of product that can be purchased 
to reduce the potential for a purchaser to buy for 
distribution to others.23

RACS has been developed as a standards-based 
trade program for retailers, software vendors, and 
other industry stakeholders to adopt within pre-
existing point-of-sale-system technology or acquire 
through new point-of-sale-system technology. A 
RACS-compliant point-of-sale system (as shown 
in Figure 1):

• Enforces a mandatory, automated standard 
(below) for completing a purchase of JUUL; 
that is, the point-of-sale system will not allow 
the purchase transaction to complete until 
the requirements are met.

• Override the block to completing the trans-
action requires manager approval.

• Requires the electronic scanning of a govern-
ment-issued ID to verify age. Once an ID is 
scanned, RACS uses the information encod-
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ed in the ID barcode to:
• Check that age in the scanned ID meets the 

local requirement for minimum purchase 
age. (Subsequently updated to implement 
the national minimum age of 21.)

• Check that the ID is not expired.
• Present the clerk with limited information on 

the point-of-sale display screen, such as the 
name on the ID, to facilitate detecting modi-
fied IDs.

• Limits the amount of JUUL product that 
can be purchased (ie, currently one JUUL 
Device and/or 4 packages of JUUL pods per 
transaction).

In this paper, we report on findings from an initial 
pilot of RACS implementation in the retail setting, 
across a small sample of convenience store chains 
with multiple stores. This pilot was designed as a 
pragmatic proof-of-concept test to assess the tech-
nology and its potential effectiveness of the RACS 
technology in restricting sales of JUUL products 
without presentation and verification of an ID (re-

gardless of the apparent age of the consumer), and 
bulk purchases of JUUL products.

METHODS
Design

The study used a pre-post implementation design, 
testing the appropriate application of age verifica-
tion (AV) and bulk purchasing limits (BP) before 
and again after the implementation of RACS at the 
participating retail stores. As described below, AV 
and BP policies were tested separately. The key out-
come was the proportion of attempted purchases 
that failed to pass appropriate checks, for AV and 
BP, before and after RACS implementation.

Three regional convenience store chains that sell 
tobacco products, including JUUL products, were 
recruited to participate in this program, based on 
their receptivity to pilot new technology and ability 
to execute in a timely manner. A total of 171 retail 
stores in 4 distinct metropolitan areas in Pennsyl-
vania, North Carolina, and South Carolina partici-
pated. Two retailers had sites in Pennsylvania; the 

Figure 1
RACSTM Process in Retail Setting
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third had sites in the Carolinas. This was intended 
as a pragmatic proof-of-concept test of implemen-
tation, not as a generalizable study representative of 
the US retail landscape.

Implementation
At participating retailers, the point-of-sale sys-

tems were updated to comply with RACS. The 
RACS software is compliant with existing ID scan-
ners, so no changes to the retailer’s existing bar-
code scanners were necessary. JLI created sample 
training material to explain how the point-of-sale 
system would operate with the RACS features. Par-
ticipating retailers trained their employees (train-
ing new employees as they were added) on RACS, 
using materials developed by JLI. To model real-
istic implementation, training was handled by the 
retailers, without JLI’s direct participation.

As detailed above, a RACS-compliant point-of-
sale system included 3 key elements: (1) required 
presentation and electronic scanning of a govern-
ment-issued ID to verify age and that the ID was 
not expired; (2) limited the amount of product that 
could be purchased in a single transaction; and (3) 
prevented the completion of a sale if the require-
ments were not met and restricted manual override 
by retail salesclerks.

Procedures and Outcome Measures
Compliance was assessed by sending “secret 

shoppers” to participating stores to attempt to pur-
chase JUUL products. Secret shoppers were pro-
vided by a vendor of such services, who assigned 
participating “shoppers” who were available to visit 
a participating store; JLI had no role in selecting 
the secret shoppers. Secret shoppers were required 
to be age 21 or older. Each individual shopper was 
randomly assigned a type of check (AV or BP) for 
their secret shop visit; the 2 kinds of audit were 
conducted separately.

For AV checks, secret shoppers entered the store 
and requested JUUL products but did not present 
an ID. If asked for ID, they would tell the retailer 
that they did not bring an ID. If they were able to 
complete the transaction, it was considered an AV 
failure. Secret shoppers recorded the nature of the 
failure (eg, the clerk not scanning ID during the 
transaction, the clerk scanning the clerk’s own ID, 
or other activities that did not follow age verifica-
tion requirements).

For BP checks, secret shoppers asked to pur-
chase a quantity of JUUL product exceeding the 
bulk purchasing limits. They could present an ID 
if asked. If a BP failure occurred, the process (eg, 
allowing a single transaction above the purchase 

Note.
(a) Age Verification Failure Rates
(b) Bulk Purchase Failure Rates

Figure 2
Overall Age Verification and Bulk Purchase Failure Rates Pre- and Post-RACS Pilot
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limits, or the store clerk splitting the purchase into 
several transactions) was recorded.

Pre-implementation audits were made from May 
13, 2019 to May 26, 2019. After a period to allow 
for implementation, post-implementation checks 
were conducted from June 10, 2019 to June 22, 
2019. (Implementation was expected to be com-
pleted by June 10, but was not completely done 
by that date. Accordingly, 504 audits conducted 
on June 10 had to be dropped, and were not con-
sidered further. This resulted in a smaller number 
of audits in the post-implementation phase than 
pre-implementation.) Post-implementation com-
pliance audits continued until each retail location 
received roughly equal number of pre- and post-
audits for AV and BP compliance, respectively.

Data Analysis 
Audit failure rates for AV and BP, separately, were 

calculated and compared pre- and post- RACS 
implementation overall and further stratified by 
retailer chain and state. Our regression analyses 
utilized linear probability models, to estimate the 
effects of RACS on the failure rate of AV and BP 
audits (separately). That is, the model tested if the 
probability of an audit failure varied according 
to whether the audit occurred before versus after 
RACS implementation. The model controlled for 
the retail chain and state fixed effects. Robust errors 

were clustered at the store level to correct for poten-
tial correlation of multiple observations from each 
store. The primary analysis of interest assessed the 
overall change from before to after RACS imple-
mentation, across all stores. As a robustness-check, 
models also assessed the pre-post difference within 
each stratum defined by the combination of retail 
chain and state. Details of the regression model can 
be found in the Supplement A. All analyses were 
conducted in Tableau v. 2020.1 (Tableau Software, 
King of Prussia, PA) and Stata 16.1 (College Sta-
tion, TX).

RESULTS
A total of 3990 compliance checks, conducted 

at 171 participating stores, were analyzed. This 
included 2219 in the pre-RACS period and 1771 
in the post-RACS period. Figure 2 presents failure 
rates overall across stores pre- and post-RACS im-
plementation, separately for AV (Panel a) and BP 
(Panel b). Prior to implementing RACS, the overall 
AV failure rate across stores was 36.8% (N = 1115 
audits). During the test, the failure rate was reduced 
to 0.2% (N = 858 audits), and this reduction was 
statistically significant (p < .001). The primary rea-
son provided by secret shoppers for AV failures that 
occurred in the post-RACS period was the clerk 
scanning their own ID when the secret shopper in-
dicated that they did not bring a valid ID.

            Table 1
Stratified Results Comparing AV and BP Failures Pre- versus Post-RACS Implementation

AGE-VERIFICATION

p-value*
(pre-post 
change)

BULK PURCHASE LIMITS

p-value*
(pre-post 
change)

Pre-RACS Post-RACS Pre-RACS Post-RACS

Retail 
Chain State

Number 
of 

Stores

Number 
of 

Audits

Failure 
Rate

Number 
of 

Audits

Failure 
Rate

Number 
of 

Audits

Failure 
Rate

Number 
of 

Audits

Failure 
Rate

OVERALL 171 1115 36.8% 858 0.2% 1.1e-36 1104 29.3% 913 1.0% 1.5e-22

1
A 32 190 24.7% 152 0.0% 2.3e-11 217 21.2% 128 0.0% 1.5e-09

B 30 185 27.6% 170 0.6% 6.6e-14 162 25.3% 143 0.0% 1.5e-10

2 C 53 359 32.3% 245 0.0% 1.8e-15 349 10.6% 308 0.0% 3.4e-07

3 C 56 381 51.4% 291 0.3% 5.9e-26 376 53.2% 334 2.7% 1.9e-22

Note.
* p-values, expressed in scientific notation, are for the change in audit failure rates from pre- to post-RACS implementation, based on 
a linear probability model with robust errors clustered at the store level, and fixed effects for retail chain and state.  The overall change 
represents all audits and reflects the overall effect of RACS implementation; other rows reflect the pre-post changes within each retail-
chain-state stratum, as an assessment of the robustness and generalizability of the effect within the strata.
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Similarly, the overall BP failure rate across stores 
was 29.3% (N = 1104) in the pre-period and was 
reduced to 1.0% (N = 913) in the post period. 
This change was also statistically significant (p < 
.001). Post-implementation BP failures primarily 
occurred due to initially incorrect system configu-
ration during the retailer’s roll out of RACS to par-
ticipating stores.

As a robustness check of the audit failure reduc-
tions seen in the overall sample, Table 1 reports 
failure rates of pre- and post-RACS periods within 
each possible retailer and state combination. The 
reductions in both AV and BP failure rates were 
tested and demonstrated highly significant in all 
strata (Table 1).

DISCUSSION
Tobacco products, including ENDS such as 

JUUL, should be accessible only to adults of le-
gal-purchase age. Nonetheless, as the data have 
shown, those who are underage still have been able 
to access ENDS, contributing to use among ado-
lescents. The core objective of RACS is to reduce 
underage access to, and ultimately use of, JUUL 
products through traditional retail channels, by ad-
dressing main underage access points – lack of age-
verification among retailers and bulk purchase with 
subsequent distribution – as channels by which 
youth obtain JUUL products. This pilot study was 
intended as a proof-of-concept to assess the feasibil-
ity and potential effect of automated controls at the 
point-of-sale to improve retailer compliance with 
laws and regulations regarding age-verification and 
also limit bulk purchases that may also be a source 
of youth access.

The results provided preliminary, promising evi-
dence that enhanced access controls such as RACS 
could enforce age-verification and limit bulk pur-
chase at retail. Based on 3990 point-of-sale audits, 
we found large and statistically significant reduc-
tions in the failure rates for AV and BP after the 
implementation of RACS. Failures to require ID 
for age verification declined to near zero once 
RACS was implemented. Similarly, bulk purchases 
exceeding the single-purchase limits also dropped 
to near zero after implementation. Furthermore, 
these findings were consistent across retail chains 
and states. These positives findings contrast to 
those of Krevor et al.23 The key difference may be 

the integration of RACS into the point-of-sale sys-
tems, making ID scanning an automatic part of the 
retail sales workflow.

It is interesting to compare these results with the 
findings of FDA’s compliance-check inspections 
for age-verification.4 (There is no legal limit on 
bulk purchase, and thus, the FDA’s audit program 
does not cover BP.) As described in the Supplement 
B, the FDA’s data on AV failures for the year prior 
to the RACS pilot (May 2018-May 2019) resulted 
in lower estimates than reported here (14% over-
all, and 3.8% for one of the retailers in the RACS 
pilot). This is not surprising, as the FDA’s audits 
differ in material ways. Importantly, FDA’s compli-
ance-check inspection program often uses shoppers 
who are underage (ages 16-17) to make illegal pur-
chases, whereas RACS did not (as it would be ille-
gal). Retail clerks may be more likely to ask for ID 
when the shopper is clearly too young. Thus, the 2 
metrics are not comparable. Nonetheless, the FDA 
rates serve as a general benchmark of the existing 
level of AV failures in retail – a benchmark that the 
post-implementation RACS data improved upon.

These preliminary findings suggest that a techno-
logical approach can be both feasible and effective 
in reducing underage access to, and therein, lower-
ing the potential for underage use of tobacco prod-
ucts. The findings are in line with previous research 
demonstrating the efficacy of retail-based measures 
to control youth access to tobacco products.4,25-31 
Our study is distinct in that we have developed and 
tested a novel, technologically-based solution that 
has the flexibility to be adopted within pre-exist-
ing point-of-sale-system technology or acquired 
through new point-of-sale-system technology, 
which may facilitate its adoption in the existing re-
tail system.

There are several limitations of this pilot study. 
First, the follow-up compliance measures were tak-
en shortly after RACS implementation, and as such, 
our results may not generalize to the long-term ef-
fectiveness of RACS. Second, the pilot study was 
limited to assessing stores that implemented RACS 
pre- and post-implementation. There was no con-
trol group of stores to compare in the same time 
period; as such, we cannot attribute the entire de-
cline in failure rates in the post-RACS period to the 
implementation of the program, as other ongoing 
trends relevant to compliance may have contribut-
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ed to this reduction. Third, the pilot study assessed 
compliance only for JUUL products, and did not 
implement RACS or assess its effect on other to-
bacco products (eg, cigarettes, cigars, other ENDS, 
smokeless tobacco products) or other products that 
are age-restricted (eg, alcohol and some caffeinat-
ed beverages). Implementing RACS, even just for 
JUUL products, may affect how retailers conduct 
age-verification for non-JUUL products, and the 
pilot data did not speak to these broader impacts. 
Lastly, retail chains participated based on their in-
terest in RACS, so the sample of retailers may not 
be representative of all relevant retail outlets.

Future studies are needed to improve under-
standing of the effect of solutions such as RACS 
on restricting youth access to tobacco products. It 
is important to note that this pilot study was de-
signed to test the effectiveness of RACS to control 
access, rather than to assess explicit changes in re-
tailer behavior or reductions in underage purchase 
attempts. Additional research is needed to dem-
onstrate that implementing sales and distribution 
controls has a downstream impact on youth access.

The pilot study also provides some insight on po-
tential improvements that could enhance this type 
of solution. For instance, the few age-verification 
failures we observed in our study after the imple-
mentation of RACS were due to store clerks using 
their own IDs to complete a transaction. Improve-
ments in education, training, compliance monitor-
ing, and technological developments, might address 
this gap in the enforcement of age-verification.

Further technological developments might also 
improve the system’s capabilities. JLI’s current 
RACS program limits the amount of product that 
can be purchased in a single transaction, but does 
not store purchasers’ information, which precludes 
blocking individuals from conducting multiple 
transactions across different retailers to acquire a 
bulk amount of the product. To circumvent this is-
sue, network-based approaches could be developed 
to enable automated product-quantity limits across 
retailers that sell JUUL products by using unique, 
anonymized identifiers to track purchases across 
different retailers. The RACS system does verify 
the validity of scanned IDs by ensuring that the 
information on the face of the ID matches what is 
encoded in the barcode on the back of the ID, but 
it is possible that, eventually, a net-connected solu-

tion could further validate IDs by cross-referencing 
publicly available records or other data sources to 
identify fake IDs.

We note that RACS and other technological so-
lutions are only a part of a broader range of sales 
and distribution restrictions and marketing con-
trols that can be pursued in tandem by manufac-
turers, retailers, policymakers, and regulators. The 
2019 law25 raising the minimum-purchasing age of 
tobacco products to 21 years also should lead to a 
reduction in direct retail purchases by youth users, 
as well as a reduction in social sourcing among high 
schoolers, as few, if any, can now legally purchase 
ENDS products.27 These interventions can most 
effectively limit access when applied for all tobacco 
products. Additional manufacturer actions recom-
mended by the FDA, include “screening retailers, 
in advance of establishing or renewing distribution 
agreements, based on the strength of the retailers’ 
age verification policies; [and] establishing and 
publicizing a hotline for anonymous reporting of 
noncompliant sales”21 also may be effective as part 
of a portfolio of access controls that could reduce 
underage use. But, as noted here, an automated so-
lution that requires age-verification and limits the 
amount of product that can be purchased can en-
sure effective compliance.

The favorable results of this pilot study have in-
formed efforts that are underway to implement 
RACS and additional solutions premised on en-
hanced access controls nationally across all retail-
ers of JUUL products. Currently, electronic ID 
scanning (updated to meet the national Tobac-
co-21 minimum legal age for purchase) has been 
implemented at over 50,000 retail outlets selling 
JUUL products. Through future software updates, 
automated product-quantity limits to restrict bulk 
purchases ultimately will be implemented as well. 
Moreover, legislative or regulatory policies that in-
corporate such requirements (eg, electronic scan-
ning of IDs) can help facilitate and accelerate 
adoption, so long as technology is readily available 
across retailers and reasonable timelines for imple-
mentation are considered.

Conclusions
In this proof-of-concept pilot test of RACS, im-

plementation nearly eliminated failures of compli-
ance with age-verification and failures to enforce 
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bulk-purchasing limits. This suggests that broader 
implementation of this type of enhanced access 
controls can effectively reduce transactions that 
could be sources of underage access to tobacco 
products. Brick-and-mortar retail continues to be 
an access point for ENDS products among those 
who are underage – either for lack of age-verifica-
tion or bulk purchases of product that, in turn, are 
resold or shared among underage users. Automat-
ed, technological solutions at the retailer’s point-of-
sale to restrict sales of tobacco products, including 
JUUL products, to adult consumers aged 21 years 
or older may help reduce underage use. Given the 
feasibility of such solutions, these requirements (eg, 
electronic scanning of IDs) could be implemented 
through public policy to address underage use as 
part of a comprehensive, evidence-based strategy.
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Supplement A

Regression Models
We use linear probability model regressions to estimate the effects of the implementation of RACS on 

the failure rate of complying age verification or bulk purchase limit requirements and report corresponding 
p-values in Table 1 of the paper:

where γirst is an indicator variable that takes value 1 if audit i recorded a failure (AV or BP) in chain r in 
state   s in time t and 0 otherwise. RACSit is a dummy that takes the value 1 if audit i in time t occurred 
after the implementation of RACS and 0 otherwise, and α is our interested coefficient for the overall aver-
age treatment effect. Retailer and state fixed effects have been controlled by βr and γs, respectively. Robust 
errors are clustered at the store level to correct for potential correlation of multiple observations from each 
store. Moreover, the linear probability model allows us to estimate the effects of RACS for each possible 
retailer-state combination as:

where αrs provides estimates for different retailer-state combinations. In this pilot, we have in total 4 of 
them, which are Retailer 1 State A, Retailer 1 State B, Retailer 2 State C, and Retailer 3 State C. 

The standard regression results are summarized in the following table, with first 2 columns for AV and 
last 2 columns for BP. Column (1) and (3) report overall effects as 36.4% reduction in AV failure rate and 
28.8% reduction in BP failure rate. Column (2) and (4) provide estimated effects for each possible chain-
state stratum as a robustness check. 
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Table S1
Regression Results on AV and BP Failure Rates

(1) (2) (3) (3)
 AV AV BP BP
Overall Effects     
    RACS -0.364*  -0.288*  

(0.0222)  (0.0254)  
Effects within Chain-state Strata     
    RACS*1(Retailer 1 and State A)  -0.247*  -0.212*
  (0.0345)  (0.0331)
    RACS*1(Retailer 1 and State B)  -0.270*  -0.253*
  (0.0330)  (0.0371)
    RACS*1(Retailer 2 and State C)  -0.323*  -0.106*
  (0.0368)  (0.0200)
    RACS*1(Retailer 3 and State C)  -0.511*  -0.505*
  (0.0407)  (0.0446)
Observations 1973 1973 2017 2017
Adjusted R2 0.220 0.236 0.219 0.270

Note.
The parameters approximate the change in the proportion of audits that failed, from pre- to post-RACS. All specifi-
cations have controlled for chain and state fixed effects. Robust standard errors (in parentheses) are clustered at the 
store level. Asterisks * indicate p < .00001. See Table 1 in the paper for actual p-values.
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Supplement B

US Food and Drug Administration (FDA) Undercover Buy Inspections
To monitor retailers’ compliance with Federal tobacco laws and regulations, the FDA conducts its own 

secret shopper compliance check program, called Undercover Buy Inspections, for age verification.1 The 
FDA is permitted to use legally underage shoppers to conduct inspections, and does so. These minors, 
trained for the purpose and working with commissioned FDA inspector, attempt to purchase regulated 
tobacco product without identifying themselves to retailers.2 The FDA takes corrective action when viola-
tions occur, including warning letter, Civil Monetary Penalty, or No-Tobacco Sale Order. 

To provide an external measure of benchmark, we obtained data on AV failures both overall and for 
comparable convenience store retailers for the full year prior to the RACS pilot (May 2018-May 2019; to 
achieve a reliable estimate and damp out any seasonal effects) from the FDA database.1 Any instance of 
a warning letter, Civil Monetary Penalty (CMP), or No-Tobacco Sale Order issued by FDA upon secret 
shop inspection for age verification was counted as a failure. Failure rates were calculated from the data 
overall, for the subset of convenience stores and gas stations to be analogous to stores in our sample, and 
specifically for Retailer 1, as insufficient data were available to calculate a failure rate for the other chains.

The table below shows the age verification failure rates reported by the FDA in the year prior to the 
RACS pilot, which was 13.5% overall, 14.4% among convenience stores and gas stations only, and 4.0% 
for retailer 1. Although these failure rates are lower than our pre-RACS-implementation AV failure rates, 
the FDA rates are still much higher than the post-RACS AV failure rates, as shown in Figure 2(a) of the 
paper. As the FDA does not mandate product purchasing limits, no similar data for BP failures were avail-
able to assess. 

Unfortunately, it is not possible to get robust estimates for the post-period from the FDA system. To get 
pre-period estimates, we analyzed a full year of FDA audit data. This was not possible for the post-test, for 
2 reasons. First, the onset of E-cigarette or Vaping Product Use-Associated Lung Injury (EVALI) in August 
2019 had a major impact on ENDS risk perceptions and sales, disrupting valid trending. Subsequently, 
the FDA was forced to stop its program in March 2020 due to COVID-19.

It is worth noting 2 crucial differences between the FDA Undercover Buy Inspections and the secret 
shopper program we employed for this pilot as: (1) the FDA is permitted to use legally underage shoppers 
to conduct age verification tests (while manufacturers are not, and therefore RACS did not), and (2) the 
FDA age verification program is designed to test adherence to the federal standard for checking ID if a 
shopper appears to be below age 27, rather than meeting the requirements of advanced AV under RACS. 
Due to the 2 crucial differences between the FDA Undercover Buy Inspections and this pilot, we did not 
perform any statistical comparisons, but we nonetheless use this measure as a relevant benchmark of exist-
ing failure rates for underage purchases. The comparison between the post-RACS age verification failures, 
which were near zero, and the pre-RACS FDA audit failures are consistent with the conclusion that RACS 
improved compliance with age verification.

Supplementary References
 1. US Food and Drug Administration. Compliance Check Inspections of Tobacco Product Retailers. https://www.accessdata.

fda.gov/scripts/oce/inspections/oce_insp_searching.cfm. Accessed October 21, 2020.
 2. US Food and Drug Administration. CTP Compliance & Enforcement. https://www.accessdata.fda.gov/scripts/oce/inspec-

tions/oce_insp_searching.cfm. Published 2020. Accessed February 22, 2021.
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Table S2
FDA Undercover Buy Inspections Age Verification Failure Rate, 

May 2018 to May 2019

Variable Name Original N Number 
of Passes

Number 
of Fails

Failure 
Rate

FDA: All Retailers 151,300 130,894 20,406 13.5%

FDA: Convenience Stores and Gas Stations 48,152 41,299 6853 14.2%

FDA: Retailer 1 354 340  14 4.0%
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Although smoking prevalence in the Unit-
ed States (US) has declined over the past 
5 decades, about 34 million US adults, 

nearly one in 7, are still current, established ciga-
rette smokers.1 Smoking represents a major public 
health concern and the leading preventable cause 
of mortality in the US, resulting in approximately 
480,000 premature deaths each year.2-5

Over the last decade, electronic nicotine delivery 
systems (ENDS) have emerged as a potential harm 
reduction alternative for smokers to obtain satis-
fying levels of nicotine without using combustible 
cigarettes.6-8 A growing body of evidence points 
towards significant rates of complete switching 
away from combustible cigarettes to ENDS by 

adult smokers,8-11 exposing them to reduced levels 
of carcinogens and toxicants compared to ciga-
rette smoking.7,12-15 Whereas the exact long-term 
health effects of ENDS use are not yet known, 
reviews of the available scientific evidence suggest 
that they may be much less harmful than combus-
tible cigarettes.14,16,17 For example, the UK Royal 
College of Physicians concluded “[a]lthough it is 
not possible to quantify the long-term health risks 
associated with e-cigarettes precisely, the available 
data suggest that they are unlikely to exceed 5% 
of those associated with smoked tobacco prod-
ucts, and may well be substantially lower than this 
figure.”17 As such, ENDS may present a promis-
ing new tool in the arsenal of tobacco control in-
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terventions to reduce the harm caused by cigarette 
smoking.6,18-21

Besides their potential benefit, ENDS are also 
a source of potential harm. Although their use 
is likely much less harmful than that of com-
bustible cigarettes, it is not without risks.7,12,15-17 
The best outcome for any smokers is complete 
cessation of tobacco and nicotine use. Moreover, 
concerns exist about ENDS use by groups that 
would not have otherwise smoked, even in the 
absence of ENDS.7,17,20-22 Examples of these un-
desirable uses are diversion of would-be quitters, 
initiation among non-nicotine users, and progres-
sions of non-smokers from ENDS use to cigarette 
smoking.

A particular area of concern has been a high level 
of ENDS use among youth (those under age 18) 
and young adults (ages 18 to 24) in the US in re-
cent years,23-25 as ENDS have become the most 
frequently used tobacco product among those 
underage. Likewise, concerns exist about transi-
tions from ENDS use to cigarette use by some 
users who would not have started smoking oth-
erwise.21 A number of studies have indicated the 
potential for such progressions and found correla-
tions between ENDS use and subsequent cigarette 
smoking, raising the possibility of a ‘gateway ef-
fect’.7,26,27 Other authors have found that smoking 
prevalence has continued to fall, including among 
youth and young adults, even while ENDS use has 
increased28-30 and some studies have even raised 
the possibility of a diversion effect.31 Overall, these 
remain highly active areas of research with critical 
implications for public health.

Given the potential for ENDS to be a source of 
both benefit and harm, it is important to assess the 
overall population-level impact of ENDS based on 
the “risks and benefits to the population as a whole, 
including users and nonusers of the tobacco prod-
uct.”32 Population modeling via computational 
and statistical techniques is well-suited to enable 
such an assessment.20,21,33-37 It offers a systematic, 
quantitative method for integrating empirical data 
on population demographics, tobacco product use 
and transitions, and tobacco-related health risks, 
and projecting the population impact under a va-
riety of scenarios. As such, population modeling 
has been used by public health researchers,20,21,33-38 
the majority of which have found a positive popu-

lation mortality impact of ENDS availability (see 
also ‘Discussion’), and in recent regulatory appli-
cations in line with recommendations from the 
US Food and Drug Administration (FDA).32,39

The evolving tobacco product landscape (eg, 
changes in availability and use of ENDS), chang-
ing regulatory policies (eg, the December 2019 
increase of the federal minimum purchasing age 
of tobacco products to 2140 or the January 2020 
FDA guidance to change enforcement discretion 
for non-tobacco, non-menthol flavored cartridge-
based ENDS products to remove such products 
from the US market41), and remaining uncertain-
ties of the long-term health effects of ENDS use 
present additional challenges for a reliable assess-
ment of the population health impact. Population 
modeling can address these via extensive sensitiv-
ity testing of key model inputs and by exploring of 
a wide variety of possible future scenarios.20,21

In this paper, we present an agent-based popula-
tion health model (PHM) that models the impact 
of a category of ENDS on cigarette smoking and 
population mortality in the US between the years 
2000 and 2100, considering both beneficial and 
harmful impacts of ENDS. The PHM is based on 
an agent-based modeling framework and code base 
originally developed by Muhammad-Kah et al (as 
summarized in Lee at al42). After defining a Base 
Case with only cigarettes available and a Modified 
Case with cigarettes and ENDS, we derive transi-
tion rates from surveys such as the National Health 
Interview Survey (NHIS),29 the National Youth 
Tobacco Survey (NYTS),43 and the Population As-
sessment of Tobacco and Health (PATH),44 as well 
as a more recent, large-scale, longitudinal study of 
first-time purchasers of a JUUL Starter Kit (Adult 
JUUL Switching and Smoking Trajectories [AD-
JUSST]) Study, described in Shiffman et al.45 The 
JUUL System – henceforth “JUUL” – is a pod-
based closed-system ENDS brand with a nicotine 
salt formulation. We use model validation to com-
pare the prevalence of smoking and ENDS use 
retrospectively projected by the PHM to historic 
data for the years 2000 to 2019, demonstrating 
the model’s ability to simulate real-world tobacco 
use trends. To address uncertainties around key 
transition rates and the long-term health effects of 
ENDS use, we conduct extensive sensitivity test-
ing and scenario analyses.
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METHODS
Model Structure and Outcome Measures

The PHM simulates cigarette smoking and ENDS 
use for a hypothetical population of individuals 
(agents) by modeling annual transitions between dif-
ferent tobacco use states. Such agent-based models 
are appropriate tools for the analysis of tobacco use 
given their potential to capture the heterogeneity 
across individuals and to evaluate population-level 
outcomes based on aggregating individual-level be-
haviors over time.36,42,46 By keeping track of each 
agent’s history of smoking and ENDS use, and es-
timating the associated individual mortality impact 
of time spent in each tobacco use state, the PHM 
is able to project tobacco product use prevalence 
and mortality over time on an individual as well as 
a population-level aggregated basis. Agents in the 
PHM are non-interacting, ie, our model is more 
similar to a highly granular cohort or microsimu-
lation model than a “full” agent-based model with 
complex inter-agent interactions.42

We focus on combustible cigarettes and ENDS 
as the only tobacco products in the simulation to 
address the specific question (impact of ENDS), 
while reducing complexity. Transitions between 
other categories of tobacco products (eg, smoke-
less tobacco, heated tobacco) and ENDS in the US 
have been varied or negligible.47 This simplifica-
tion is consistent with other population modeling 
work.20,35,48,49

At initialization, a population of 282,000,000 
agents, representing the US population, is gener-
ated based on the distribution of age, sex, and ciga-
rette smoking history in the US in the year 2000 as 
measured by US Census, NHIS, and NYTS.29,43,50 
Starting in the year 2000 allowed us to validate the 
model by comparing (retrospective) model projec-
tions to historic data between 2000-2019.

The PHM advances in one-year time steps, dur-
ing which each agent has a mortality probability 
and a probability of transitioning out of their cur-
rent tobacco product use state into a new one. These 
probabilities are based on each agent’s individual at-
tributes and tobacco use history. At the end of each 
one-year time step, new agents are added to the 
model to account for births and immigration.50,51

Primary outcome measures are the annual and 
cumulative premature deaths, defined here as 
deaths between the ages 35 and 85, and the an-

nual prevalence of tobacco product use. Premature 
deaths are a measure of population mortality com-
monly used in the study of tobacco use and harm 
reduction.34,42,48,52 (We note here that the exact 
value of the age cutoffs – eg, choosing precisely 85 
as the upper limit – impacts the numerical values 
of projections but does not meaningfully alter the 
overall direction and magnitude of findings.) These 
outcome measures in the PHM can be computed 
for the population as a whole or for specific sub-
groups (eg, by age or sex).

Scenarios: Base Case and Modified Case
To explore the overall population-level health 

impact of ENDS in the US, the PHM compares 2 
different scenarios, both starting in the year 2000: 
a Base Case, in which only combustible cigarettes 
are available, and a Modified Case, in which ENDS 
are introduced after the year 2010, when their use 
became more prevalent.

The difference in cumulative premature deaths 
between the Base Case and the Modified Case gives 
a measure for the net population health impact of 
ENDS. Both scenarios are run until the year 2100 
to account for long-term health effects of tobacco 
use, which can take decades to manifest. This ap-
proach is consistent with other population mod-
eling work, including by Apleberg et al,38 Levy et 
al,34,35 and Warner and Mendez.20 The PHM also 
compares prevalence of exclusive smoking, ex-
clusive ENDS use, and dual use between the 2 
scenarios.

Tobacco Use States and Transition Rates in the 
Base Case

In the Base Case, agents can be never, current, 
or former cigarette smokers (Figure 1, Panel A). 
The PHM considers ‘current use’ of cigarettes to 
mean any use in the past 30 days combined with 
having smoked at least 100 cigarettes in one’s life-
time, a common criterion for established smoking. 
(The PHM focuses on established smoking as the 
overwhelming driver of smoking-related mortality. 
Experimental smoking can be important for behav-
ioral analyses, but its impact on mortality is expect-
ed to be minor, except to the extent that it leads 
to established smoking.) Initiation of smoking, 
ie, transitioning from being a never (established) 
smoker to being a current established cigarette 



Wissmann et al

Am J Health Behav.™ 2021;45(3):588-610 591 DOI:  doi.org/10.5993/AJHB.45.3.12

smoker, is possible for agents aged 12-24. This cut-
off is a commonly used36 simplifying assumption 
based on data showing that initiation of cigarette 
smoking and new tobacco use in never regular us-
ers is substantially less likely after 24 years of age.53

Regarding ‘former use’, we note that relapse rates 
among smokers trying to quit are high and most 
do not succeed at long-term abstinence.54 For those 
that are able to quit for 2 or more years, relapse 
rates reduce drastically.55 The latter (sub)group 
members, who have made a sustained behavior 
change, are what the PHM considers former smok-
ers. Consequently, the transition rate for current 
to former smokers is based on only the share of 
smokers that successfully quit for 2+ years, and the 
reverse transition rate is set to zero (as short-term 
relapse is already captured in the reduced cessation 
rate). This approach is consistent with other work 
in the literature.21,48,53

Smoking initiation and cessation rates in the 

Base Case are taken from analysis of NHIS data 
conducted by the Cancer Intervention and Sur-
veillance Modeling Network (CISNET).56 Annual 
rates are applied from 2000 until 2010, at which 
point the 2010 rates are used going forward to 
model the (hypothetical) Base Case scenario where 
ENDS were never introduced.

As examples, see Table 1 for adult transition rates 
in the year 2019 and Supplemental Table S1 for 
youth transition rates in the year 2019.

Tobacco Use States and Transition Rates in the 
Modified Case

In the Modified Case, there are 9 tobacco use 
states and consequently a larger number of possible 
transitions (Figure 1, Panel B). Similar to smoking, 
the PHM considers ‘current ENDS use’ among 
adults to mean any past 30-day use and having ‘ever 
fairly regularly used ENDS’ (as the equivalent of 

Table 1
Adult Transition Rates in the Base Case and Modified Case in 2019

 1 

 
Case From To Transition Rate Data Source(s) 
Base NU CC Smoking Initiation 1.8%a [18-24 y/o] CISNET/NHIS 
Modified NU CC Smoking Initiation 1.3% [18-24 y/o] PATH + CISNET/NHIS 
Modified NU CD Dual Use Initiation 0.2% [18-24 y/o] PATH + CISNET/NHIS 
Modified NU CE ENDS Initiation 1.8% [18-24 y/o] ADJUSST + PATH 
 
Modified CE CCFE ENDS To Smoking 1.6% ADJUSST + PATH 
Modified CE CD ENDS To Smoking 9.9% ADJUSST + PATH 
Modified CEFC CCFE Smoking Relapse (from ENDS) 1.5% ADJUSST + PATH 
Modified CEFC CD Smoking Relapse (from ENDS) 8.6% ADJUSST + PATH 
 
Modified CC CEFC Full Switching (from Smoking) 2.4% ADJUSST + PATH 
Modified CCFE CEFC Full Switching (from Smoking) 3.2% ADJUSST + PATH 
Modified CC CD Transition to Dual Use 1.5% ADJUSST + PATH 
Modified CCFE CD Transition to Dual Use 1.8% ADJUSST + PATH 
 
Modified CD CEFC Full Switching (from Dual Use) 34.0% ADJUSST + PATH 
Modified CD CCFE Transition to Exclusive Smoking 16.0% ADJUSST + PATH 
 
Base CC FC Smoking Cessation 2.9% a CISNET/NHIS 
Modified CC FC Smoking Cessation 3.0% a CISNET/NHIS + PATH 
Modified CCFE FD Smoking Cessation 3.0% a CISNET/NHIS + PATH 
Modified CD FD Dual Use Cessation 3.0% a CISNET/NHIS + PATH 
Modified CE FE ENDS Cessation 6.0% ADJUSST + PATH 
Modified CEFC FD ENDS Cessation 6.0% ADJUSST + PATH 

 
Note.
See Figure 1 for full list of abbreviations
a Transition rate varies by age and/or sex. The number shown is the average across all applicable ages and sexes.
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the 100+ cigarettes lifetime criterion). For youth, 
any past 30-day ENDS use is considered current 
use in the PHM, even though data indicate that 
the majority of this use is infrequent and experi-
mental.23,43,57-59 Transition rates into ENDS use are 
scaled in linearly over 5 years beginning in 2011.

Similar to the Base Case, initiation of tobacco use 
(here, smoking or ENDS use) is possible for ages 
12-24. For cessation of established smoking and 
ENDS use, we again consider long-term successful 
cessation only. Switching between tobacco prod-
ucts and cessation of any past 30-day use (in the 

case of youth ENDS use) is permitted on a yearly 
basis. In addition to CISNET/NHIS and NYTS, 
2 additional data sources are considered for tran-
sition rates: Waves 1 to 4 from PATH with over 
49,000 respondents covering years 2013 to 2018 
(transition rates primarily use waves 3 to 4, with 
the earlier waves being used for calibration and 
analyses of specific patterns, such as the relationship 
between device ownership and established use),44 
as well as the retail portion (which represents the 
vast majority of sales volume) of a large-scale, one-
year longitudinal study of adult JUUL purchasers 

Figure 1
Tobacco Use States (Rectangles) and Possible Transitions (Arrows) in the PHM
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(ADJUSST) covering years 2018 to 2019 with over 
22,000 respondents.45,60 

Using ADJUSST for adult transition rates means 
we are able to incorporate more recent data than 
available in PATH up to Wave 4. Specifically, this 
is meant to capture use behavior of JUUL, which 
in recent years was the largest ENDS brand in the 
US and accounted for a meaningful portion of all 
ENDS use,61,62 and possibly other, newer ENDS 
products. In other words, the PHM models a cat-
egory of ENDS products whose use patterns and 
behavioral transitions is meant to reflect the most 
recent generation of ENDS products on the US 
market – with JUUL, the largest single brand, as 
one particular example. Incorporating ADJUSST 
data led to slightly higher initiation among never 
users, a significantly higher share of full switching 
compared to dual use, and lower rates of “switch-
ing back” from ENDS use to dual use or exclu-
sive smoking. Additional details of calculations are 
in the Supplement Section 1, (Additional Details 
on Transition Rate Calculations). The design and 
methods of ADJUSST, including analyses of re-
sponse bias, are described in detail in Shiffman et 
al45 and additional papers analyzing different sub-
groups, such as current smokers,11 dual users,63 
former smokers,64 never smokers,65 and transitions 
among the overall sample of respondents.60

For youth use, transition rates were derived from 
PATH Waves 3 to 4, which coincided with a sig-
nificant increase in ENDS use among youth.43,66 
However, because the PATH-derived ENDS ini-
tiation rates were much lower than what was 
needed to reproduce ENDS use prevalence as re-
ported in NYTS, they were scaled up significantly 
to calibrate youth prevalence of ENDS use against 
NYTS data from 2011–2019, while scaling down 
by half as much the subsequent transitions to not 
artificially inflate youth smoking rates. Analyses of 
PATH were also used to model the share of past 
30-day youth ENDS users that go on to become 
established adult ENDS users once they turn 18.

Table 1 shows adult transition rates in the year 
2019 and corresponding youth transition rates are 
included in the Supplemental Table S1.

Modeling the Impact of Tobacco 21 and 
Underage Use Prevention Efforts

The federal minimum-purchasing age for tobacco 

products was raised to 21 years of age in December 
2019.40 Both the Base Case and the Modified Case 
include an estimate for the future impact of this 
policy change. The Modified Case also includes an 
estimate for the future impact of a broader range 
of underage tobacco use prevention efforts, in 
line with proposals and guidance from the FDA, 
academic researchers, and industry to resemble a 
plausible future regulatory landscape. These efforts 
include restrictions of available flavors in ENDS, 
limited marketing activities, and increased retail 
access controls.67

The potential impacts were expressed as reduc-
tion in initiation rates of ENDS use and smoking 
for youth and young adults, phased in from 2020 
to 2025. The PHM assumes reductions of 25% 
(youth) and 15% (young adults) for smoking ini-
tiation rates (Base Case and Modified Case) and 
65% (youth) and 35% (young adults) for ENDS 
initiation rates (Modified Case) over those 5 years. 
We derived these assumption as plausible scenarios 
based on an increasing, but still limited, body of 
research and evidence concerning the impact of 
such interventions.34,68-70 Considerable uncertainty 
about the precise outcomes remains, which in part 
can be addressed via sensitivity testing. Encourag-
ingly, 2020 data from NYTS show a faster reduc-
tion in youth use of ENDS than assumed in the 
PHM.25,43

Agent Mortality and Excess Relative Risk
The annual mortality risk for each individual 

agent as a function of age, sex, and smoking history 
(including years of smoking and years since quit-
ting smoking) is derived from a Kaiser Permanente 
Cohort Study71,72 and the Human Mortality Data-
base,73 including adjustments for projected future 
mortality improvements. This mortality modeling 
framework is based on one developed by Muham-
mad-Kah et al, as summarized in Lee et al.42

The excess mortality risk of ENDS is modeled 
via Excess Relative Risk (ERR) as a percentage of 
that of cigarette smoking, which is common in the 
literature.48 The PHM uses an ERR of 5%, based 
on an estimate used by regulators as well as other 
modelers.15-17 As the precise long-term health risks 
of ENDS are not yet known, sensitivity testing is 
used to explore a wide range of ERRs. Stopping use 
of a tobacco product in the model slowly decreases 
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the excess mortality risk with accumulating years 
of cessation.42

Dual use of combustible cigarettes and ENDS 
is treated as having the same excess morality risk 
as smoking. Some studies have raised concerns 
about the health risks associated with dual use,74,75 
while others have indicated that many dual us-
ers reduce their daily cigarette consumption sig-
nificantly42,63,76,77 and that such reductions may be 
associated with similarly large reductions in smok-
ing-related biomarkers of exposure.33 Overall, more 
evidence is needed to understand the mortality im-
pact of dual use.7

Additional details on the mortality model are 
provided in Supplement Section 4 (Mortality Mod-
el). Supplemental Figure S2 illustrates cumulative 
survival probability curves for agent with various 
smoking and ENDS use histories.

Model Validation
Evaluating the ability of models to ‘predict’ 

known outcomes retrospectively increases confi-
dence in their predictions about future outcomes.78 
Whereas such validation cannot guarantee the ac-
curacy of model forecasts, it demonstrates the va-
lidity of the model as compared to known data 
and its ability to realistically simulate behavior and 
outcomes on a population-level. We conducted 
validation of the PHM’s prevalence estimates for 
smoking and ENDS use across different age groups 
between 2000 and 2019 as well as overall projec-
tions of future population size and mortality.

Sensitivity Analyses
Sensitivity testing around model inputs, such as 

the ERR and key transition rates (eg, initiation, 
switching), is useful to assess the robustness of the 
projected outcomes and identify critical drivers. 
This is particularly important as population mod-
eling is a highly useful tool to explore the likely 
direction and magnitude of population health im-
pacts and trends, but – given existing data limita-
tions and necessary model simplifications – usually 
not a reliable way of forecasting precise outcomes.

Implementation
The PHM was implemented in MATLAB® ver-

sion 9.7 (MathWorks, Inc.). The current code 

base is derived from a version by Muhammad-Kah 
et al.42 Computations reported on in this paper 
were run via parallel execution in Google Cloud 
Platform.

RESULTS
Smoking and ENDS Use Prevalence

Figure 2 shows the prevalence of adult smoking 
and adult ENDS use from 2000 to 2100. Initially, 
adult smoking prevalence drops from ~ 23% in 
2000 to ~ 19% in 2010. Subsequently, the Base 
Case and Modified Case diverge, with smoking 
decreasing more quickly in the latter after the 
introduction of ENDS, to ~ 14% in 2020. The 
Modified Case aligns well with actual NHIS data, 
which is currently available until 2019.79 (We note 
that 2019 NHIS data only became available after 
completion of the PHM, thus providing a stron-
ger validation test for our model than comparing 
against previously known data.)

Looking forward, the PHM projects smoking 
rates to decline further in both cases, but again 
more rapidly in the Modified Case. After leveling 
out, the Modified Cases shows a 37% reduction 
in adult smoking prevalence compared to the Base 
Case (5.0% vs 7.9%), corresponding to about 10.5 
million fewer adult smokers. Much of this reduc-
tion builds throughout the first decades of ENDS 
availability (up until ~ 2040), as existing smokers 
switch to ENDS.

Adult ENDS use initially rises to above 5%, be-
fore reducing slightly and leveling off at 4.3%. The 
projection aligns well with NHIS data for the most 
recent years up until 2019, while somewhat under-
estimating earlier use around 2014-2015. Recall 
that the PHM assumes a linear increase in ENDS 
use after 2010 as a simplification, while in reality 
the adoption of ENDS in the US appears to have 
occurred in a number of waves.29,44

Some of the ENDS use overlaps with smoking 
in the form of dual use. Although this ratio varies 
somewhat through the simulation as ENDS get in-
troduced and find adoption, it settles at about one-
fifth of overall ENDS use in the long-term steady 
state, or an overall population prevalence of slightly 
below 1%. In Figure 2, such an individual would 
be counted in both the smoking and the ENDS use 
prevalence. Overall, the PHM projections imply 
that the prevalence of any product use (cigarettes or 
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ENDS) in the adult population increases slightly in 
the Modified Case compared to the Base Case.

Figure 3 shows the analogous prevalence of (es-
tablished) smoking and any (past 30-day) ENDS 
use for youth ages 12-17 from 2000 to 2100. The 
retrospective model projections for youth smoking 
again align well with the historical data based on 
NYTS until about 2010, showing rapid declines 
from above 10% to below 5%. Subsequently, the 
Base Case and the Modified Case (to a lesser ex-
tent, ie, better tracking historical data). This is 
likely due to conservative assumption made in the 
derivation of model rates. However, both cases di-
rectionally show further reductions in established 
youth smoking into the 1%-2% range, in align-

ment with NYTS.
Youth ENDS use prevalence in the PHM ini-

tially rises rapidly from 2011-2020, up to almost 
20% past 30-day use. The magnitude and direction 
match overall NYTS trends, with the exception 
that the model uses a simplified linear scaling in 
of ENDS transitions rates and as such does not re-
produce the interim up-and-down pattern, just as 
with adult ENDS use. After 2020, projected youth 
ENDS use in the PHM drops as a result of under-
age use prevention efforts (including Tobacco 21), 
before leveling out at 8.0%. The model is again 
intended to be conservative in its assumptions; 
recently released data from NYTS 2020 show a 
35% reduction in youth ENDS use from 2019 to 

Note.
Smoking and ENDS use are defined as having used in the past 30 days and having met the lifetime established criterion 
(‘100+ cigarettes’ for smoking, ‘ever fairly regularly used’ for ENDS).
NHIS reference data shown as available until 2019.

Figure 2
Projected Adult Tobacco Prevalence in the Base Case and the Modified Case
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2020,25 a more rapid decline than in the Modified 
Case. (These data became available after comple-
tion of the PHM.)

Mortality Impact and Sensitivity Testing
The PHM projects a reduction in tobacco-related 

premature deaths in the Modified Case (with ciga-
rettes and ENDS available) compared to the Base 
Case (with only cigarettes available) of 2.5 million 
fewer premature deaths by the year 2100, after ac-
counting for the mortality impact of both cigarette 
smoking and ENDS use. The reduction in overall 
mortality is primarily due to the substantial reduc-
tion in adult smoking prevalence in the Modified 
Case, as described above.

Sensitivity testing of key input parameters is im-
portant to established robustness of model find-
ings. Figure 4 presents the difference in cumulative 
premature deaths in the Modified Case compared 
to the Base Case under varying ERRs between 5% 
and 40% (ie, ENDS use being 5% to 40% as harm-
ful as smoking). Even at the (unrealistic) top end of 
this range, the Modified Case shows a net popula-
tion benefit of 1.5 million fewer premature deaths.

Figure 5 shows sensitivity analyses conducted by 
changing key transitions in the model. Panels A, B, 
and C demonstrate outcomes when varying rates 
of switching compared to initiation, ENDS-to-
Smoking transitions, and resumption of smoking 
by ENDS users. A positive net population health 

Note.
Smoking is defined as having used in the past 30 days and having met the lifetime established criterion (‘100+ 
cigarettes’). ENDS use is defined as having used in the past 30 days.
NYTS reference data shown as available until 2020.

Figure 3
Projected Youth (Age 12-17) Tobacco Prevalence in the Base Case and the Modified Case
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impact arises in all but the most extreme scenarios. 
The extent of full (and sustained) switching is the 
largest driver of mortality reductions. Panel D in 
Figure 5 reports the impact of varying rates of dual 
users transitioning to either exclusive ENDS use or 
exclusive cigarette smoking.

As youth use of ENDS has been a key concern 
and ENDS use prevalence has varied year-after-
year, we performed additional sensitivity testing 
of different levels of future youth use of ENDS. 
For example, in a counterfactual scenario with con-
tinued 2019 NYTS levels of 19.7% past 30-day 
ENDS use among youth age 12-17, the net impact 
would be reduced to 2.2 million premature deaths 
averted.

Youth smoking prevalence after 2011 is lower in 
the Modified Case than in the Base Case. Whereas 
this appears directionally consistent with histori-

cal trends, we conducted a sensitivity test with in-
creased youth smoking initiation in the Modified 
Case to match the prevalence of the Base Case. This 
removed about 150,000 premature deaths avoided 
or ~ 6% of the total difference between the Modi-
fied Case and the Base Case. Thus, this effect is 
meaningful, but represents a small portion of the 
overall benefit in the Modified Case.

In summary, we performed extensive sensitiv-
ity testing, including: (1) increasing the ERR up 
to values of 40% (Figure 4 for the Modified Case, 
Supplement Figure S1 for a scenario with reduced 
ENDS cessation rates to match smoking cessa-
tion rates); (2) varying combinations of multiple 
transition rates to explore important scenarios (eg, 
varying levels of smokers switching from ENDS 
to cigarettes compared to different levels of ENDS 
use initiation; Figure 5); (3) varying each transition 

Figure 4
Difference in Cumulative Premature Deaths Between the Modified Case and the Base Case 

for Varying Excess Relative Risk (ERR) Values
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rate individually to explore the overall sensitivity of 
outcomes (Supplemental Table S2); and (4) explor-

ing tipping points at which the PHM projects little 
or no net population benefit (Figure 5).

A. Switching vs Initiation

C. Switching vs Resumption of Smoking

B. Switching vs ENDS-to-Smoking

D. Dual Use to ENDS vs to Smoking

A. Varying rates of smokers switching compared to varying rates of never users initiating; 
B. Varying rates of smokers switching compared to varying rates of ENDS users transitioning to smoking; 
C. Varying rates of smokers switching compared to varying rates of switchers resuming cigarette smoking; 
D. Varying rates of dual users switching to exclusive ENDS use compared to dual users moving to exclusive cigarette
         smoking. 

Note.
The axes denote the change in the relevant rates compared to the Modified Case in the PHM. The red point in each 
subfigure shows the Modified Case with a difference of 2.5 million premature deaths averted.

Figure 5
Sensitivities Testing: Premature Deaths Averted by the Year 2100 When Varying 

Key Transition Rates in The Modified Case
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Additional sensitivity testing results are included 
in Supplement Section 3 (Additional Sensitivity 
Testing Results).

DISCUSSION
Our model projects that the availability of ENDS 

products in the Modified Case leads to 2.5 million 
premature deaths averted by the year 2100. This 
is driven primarily by reductions in cigarette use, 
with adult smoking prevalence declining 37% in 
the Modified Case compared to the Base Case. 
Sensitivity analyses show that an overall reduction 
in population mortality occurs in all but the most 
extreme scenarios. Varying individual or combina-
tions of transition rates in the PHM illustrates key 
drivers of outcomes and their relative impact.

As a number of public health and tobacco-con-
trol researchers have used population modeling to 
understand the potential impact of ENDS prod-
ucts on public health,20,21,33-37,42,49,52 it is illustrative 
to compare our results to theirs. Consistent with 
the PHM, the majority of researchers find a posi-
tive population health impact of ENDS in all or 
most realistic scenarios, often with similar find-
ings in terms of magnitude and key drivers of 
outcomes.20,33,34,36

Cherng et al36 found that over a 60-year period, 
adult smoking prevalence could decrease by mul-
tiple percentage points if ENDS significantly in-
creased the likelihood of switching (eg, by ~ 0.8 
percentage points for a 20% increase to baseline 
rates of smokers moving away from cigarettes and 
~ 3.1 percentage points for a 100% increase), com-
pared to our finding of a ~ 2.9 percentage point de-
crease. Levy estimated that after accounting for the 
impact of tobacco-control policies, ENDS product 
use has been associated with an 8%-20% reduction 
in cigarette smoking prevalence in the US since 
they became available.80 The PHM shows a com-
parable finding of a ~ 13% reduction in cigarette 
smoking by 2020 in the Modified Case compared 
to the Base Case.

Regarding population mortality, Levy et al34 
modeled ‘what if ’ scenarios, including extreme 
cases where all cigarette smoking is being replaced 
with ENDS. The range of outcomes under various 
scenarios suggests 1.6-6.6 million fewer premature 
deaths over an 80-year time frame. The PHM’s es-
timates fall near the lower end of this range in a 

Modified Case that results in a 37% reduction in 
smoking prevalence rather than a complete sub-
stitution. Similarly, Mendez and Warner49 used a 
population model to assess the impact of ENDS 
use on population mortality in the US between 
2018 and 2100 under a large number of scenarios. 
They found that in 99% of scenarios, ENDS use 
led to positive life-years saved, and that “[m]ost 
scenarios result in millions of individuals quitting 
smoking due to vaping.” Prior work by the same 
authors had come to similar conclusions with re-
gards to a likely positive impact of ENDS use on 
population mortality.20

The fact that a range of models varying in meth-
ods, data sources, and assumption reach similar 
conclusions can be seen as further evidence for 
such findings.42 Overall, model projections should 
not be interpreted as precise forecasts, but rather 
seen as a tool to estimate the general direction and 
magnitude of population health outcomes as well 
as the range of potential impact of specific prod-
ucts, interventions and policies.20,34,49

Limitations and Strengths
The results and implications of this study should 

be understood with several limitations. First, the 
PHM only accounts for cigarette smoking and 
ENDS use. It does not explicitly model the use 
of other tobacco products such as cigars, cigaril-
los, pipes, smokeless tobacco, or heated tobacco. 
Although transitions between these and ENDS in 
the US have been varied or negligible,47 and their 
use may have been uncommon enough or not 
directly impacting transition rates beyond what 
is implicitly account for,81 this does represent a 
simplification compared to reality. It allows us to 
focus on the specific question of interest – ie, the 
impact of ENDS availability on cigarette smoking 
and its associated mortality – while keeping the 
model simple enough to derive input parameters 
from empirical data. As such, this simplification 
is common and often unavoidable in population 
modeling.20,34,35,42,48,49

Second, in the interest of model simplicity and 
due to a lack of granular, reliable data on what in-
teractions are relevant and how precisely they affect 
transitions rates,42 agents in the current version of 
the PHM are non-interacting. Network effects are 
only incorporated to the extent they are captured 
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implicitly in the transition rates. Including explicit 
inter-agent terms would be an interesting future 
extension of the PHM.

Another limitation is that we assumed homoge-
neity within ENDS in terms of use behavior and 
health risk. In reality, ENDS availability may differ 
meaningfully, for example with regards to transi-
tions from/to cigarette smoking or relative risk 
profiles. As we have used a number of data sources 
specific to JUUL (eg, the ADJUSST study),45 the 
PHM would be expected to be most applicable to 
JUUL and ENDS with similar use behavior and 
health risks, but as a result it may not accurately 
model the impact of other types of ENDS.

The majority of model inputs are empirically-
derived from recent, large-scale longitudinal or 
repeated cross-sectional studies. However, in some 
cases, parameters were estimated with small sample 
sizes, leading to statistical uncertainty, or had to be 
augmented with assumptions, such as in the exact 
level of future impact of underage use prevention 
measures. We have attempted to be conservative in 
such situations. Our focus was on establishing ro-
bustly whether the availability of ENDS in the US 
is likely to have a positive net benefit on population 
health, rather than to create the best possible point 
estimate. Sensitivity testing helps to analyze the as-
sociated uncertainties.

ENDS use behavior in the US population has var-
ied considerably over the last years, and is impacted 
by changes to product availability (eg, flavors), and 
unexpected exogenous perturbations such as EVALI 
and COVID-19.82,83 In addition, existing ENDS in 
the US are undergoing a Pre-Market Tobacco Ap-
plication process, at the conclusion of which the 
FDA will decide which products will be authorized 
to stay on market. Furthermore, it is impossible to 
anticipate the exact nature of behavioral, policy, and 
product changes for the next 8 decades. However, 
a long time-horizon such as in the PHM is neces-
sary to ensure that the model fully captures the long-
term health impacts of tobacco product initiation 
among young adults and youth today.21,36 For sim-
plicity, we have held transition rates in the Base and 
Modified Scenarios constant throughout the future 
simulation period (after 2025), similar to other pub-
lished models.21,48 Given the steady accumulation 
of premature deaths avoided between the Modified 
Case and the Base Case (Figure 4), future changes 

in rates might impact the order of magnitude of the 
mortality difference, but are unlikely to change the 
overall finding of a net benefit. By accounting for 
historically low youth smoking rates even in the Base 
Case, we are careful not to attribute undue benefit to 
the Modified Case by comparing it to scenarios with 
unrealistically high future smoking prevalence.

As a final limitation, the PHM does not current-
ly estimate morbidity risk, primarily due to a lack 
of granular, long-term epidemiological data for 
the morbidity impact of ENDS use.7 This would 
be a natural extension as more data and evidence 
become available. Another future extension to the 
model outcome measure could be life-years lost (in 
addition to the premature deaths measure that is 
the focus of this paper).

There are several additional strengths to the mod-
eling approach utilized in the PHM: transitions in 
the model account for the full range of uses, includ-
ing for those potentially increasing risk. Validation 
of modeling results against historical cigarette smok-
ing and ENDS prevalence rates demonstrate that the 
PHM sensibly reflects population-level and within-
subgroup use behavior. Finally, extensive sensitivity 
analyses enable an understanding of the key drivers 
of outcomes and demonstrate robustness of the di-
rectional finding of a significant positive net benefit 
under a wider range of possible scenarios.

Conclusions
The population model presented in this paper 

projects that – after considering both potentially 
beneficial and potentially harmful transitions and 
based on the available evidence to date – the (con-
tinued) availability of ENDS in the US is likely 
to have a positive impact on population mortal-
ity. In the Modified Case with ENDS available, 
2.5 million premature deaths are prevented by the 
year 2100 compared to the Base Case with only 
cigarettes available. Sensitivity testing shows that 
a substantial mortality reduction occurs under a 
wide range of plausible scenarios and allows the il-
lustration of drivers of outcomes. This might assist 
policymakers and public health researchers in un-
derstanding trade-offs and key goals in regulating 
ENDS, such as encouraging complete switching by 
adult smokers who would not otherwise stop use of 
all tobacco products and combating underage use 
and initiation.
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We note that our findings depend on the model, 
its input data, and its assumptions. While we have 
aimed to derive transition rates empirically from 
large-scale behavioral surveys, to validate preva-
lence projections against historical data, and to 
benchmark our findings against existing work, sig-
nificant uncertainties remain. Further research into 
the long-term health effects and population health 
impact of ENDS is needed.
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SUPPLEMENTARY MATERIAL

Additional Details on Transition Rate Calculations
We primarily utilized CISNET’s1 analyses of NHIS data (adult and youth),2 analyses of PATH data 

(adult and youth),3 and analyses of ADJUSST data (adult)4 to calculate transition rates for the PHM. 
NHIS and PATH are well-known public health surveys widely used for the study of tobacco product use 
behavior and transitions. ADJUSST is a large-scale longitudinal study of cigarette and JUUL System (a 
pod-based closed-system ENDS brand (henceforth “JUUL”) product use behavior among adult (age 21+) 
first-time JUUL Starter Kit purchasers through 12 months from mid-2018 to mid-2019.5

CISNET’s analyses directly provide transition rates of the kind useful for the PHM. For PATH, we 
calculated representative rates using the latest available data from Waves 3 to 4 based on the tobacco use 
states provided in Supplement Section 5 below. We also calculated rates for Waves 1 to 2 as a sanity check. 
As mentioned in the main paper, ENDS initiation rates for youth were scaled up to better match NYTS 
prevalence up until 2019.6

Because ADJUSST reflects smoking and ENDS use behavior among JUUL Starter Kit purchasers,5 but 
is not nationally representative, a number of calculations are needed to derive transition rates for the PHM, 
comparable to those derived from CISNET/NHIS and PATH. Specifically, we used the retail portion of 
ADJUSST, as retail sales account for > 90% of JUUL sales volume. For transition rates among ENDS and 
dual users in the model, we were able to use one-year follow-up data directly. For transitions rates that 
required estimation of rates within other population groups, such as uptake of JUUL use among existing 
smokers or initiation of JUUL use among non-tobacco users, the following provides an outline of how 
rates were scaled from the survey population to the overall population.

Based on available sales and market share data, such as from syndicated data sources like IRI and Nielsen, 
combined with average consumption data, and in directional agreement with prevalence data,7 we esti-
mated that the number of annual new adult established JUUL product users during the relevant time 
frame ranged from 1,250,000 to 2,000,000. The retail portion of ADJUSST include 16,262 respondents 
at one-year follow up, out of which 13,747 were in one of the 2 JUUL product use states (exclusive JUUL 
product use or dual use of JUUL products and cigarettes). With the assumption that survey respondents 
are representative of all new adult JUUL product users, every one respondent in the survey represents be-
tween 91              and 146              new annual JUUL product users in the population.

There were 2311 respondents who went from CC (smokers who had never been established ENDS us-
ers) to CEFC (current JUUL users, former smokers) and 779 who went from CCFE (smokers who had 
previously been established ENDS users) to CEFC. With the scaling factors of 91-146, this indicates that 
between 210,137 and 336,219 CC smokers and between 70,834 and 113,334 CCFE smokers switched 
(as per model definition) from cigarettes to JUUL products annually.

Given that there were an estimated 29,000,000 exclusive adult smokers in the US population, based 
on CDC estimates of about 34,000,000 million adult smokers, out which we assume approximately 
5,000,000 to be dual smokers and ENDS users,8 this gave an estimated rate of annual switching among 
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US smokers of between 1.0%                  and 1.6%                    . Based on the relative prevalence of CC 
and CCFE in PATH Wave 3, we assume that 80% of these 29,000,000 adult smokers are CC, and the 
other 20% are CCFE, resulting in the corresponding ratios of 0.9%-1.4% as the range of transition rates 
for CC to CEFC, and 1.2%-2.0% as the range of estimated transition rates for CCFE to CEFC.

The transition rates estimated are for JUUL products only. We estimate that JUUL had a category share 
of between 35%-50%, based on the sources above and prevalence data, and multiplied these rates by 2 to 
get a category-wide transition rate.7 This gives 1.8%-2.9% for CC to CEFC and 2.4%-3.9% for CCFE 
to CEFC. The model uses the midpoint of these ranges as transition rates, ie, 2.4% for CC to CEFC, and 
3.2% for CCFE to CEFC (Table 1, main paper).

Similar calculations were made for dual use, initiation among those ages 22-24 (which was then scaled 
up to the age range 18-24), cessation of ENDS use, and so on. We then compared rates from PATH, 
ADJUSST and CISNET/NHIS (where applicable), finding generally reasonable agreement in the order of 
magnitude, with the exceptions that incorporating ADJUSST data led to slightly higher initiation among 

Case From To Transition Rate Data Source(s)

Base NU CC Smoking Initiation 2.0%a CISNET/NHIS
Modified NU CC Smoking Initiation 0.2% PATH
Modified NU CD Dual Use Initiation 0.1% PATH
Modified NU CE ENDS Initiation 15.4% PATH, NYTS

Modified CE CCFE ENDS To Smoking 1.2% PATH, NYTS
Modified CE CD ENDS To Smoking 2.8% PATH, NYTS
Modified CEFC CCFE Smoking Relapse (from ENDS) 24.3% PATH
Modified CEFC CD Smoking Relapse (from ENDS) 14.1% PATH

Modified CC CEFC Full Switching (from Smoking) 0.0% PATH
Modified CCFE CEFC Full Switching (from Smoking) 3.2% PATH
Modified CC CD Transition to Dual Use 23.5% PATH
Modified CCFE CD Transition to Dual Use 28.9% PATH

Modified CD CEFC Full Switching (from Dual Use) 2.4% PATH
Modified CD CCFE Transition to Exclusive Smoking 29.4% PATH

Base CC FC Smoking Cessation 3.0% a CISNET/NHIS
Modified CC FC Smoking Cessation 3.5% a CISNET/NHIS
Modified CCFE FD Smoking Cessation 3.5% a CISNET/NHIS
Modified CD FD Dual Use Cessation 3.5% a CISNET/NHIS
Modified CE FE ENDS Cessation 37.7% PATH
Modified CEFC FD ENDS Cessation 37.7% PATH

Table S1
Youth Transition Rates in the Base Case and Modified Case in 2019

Note.
See Figure 1 for full list of abbreviations.
a Transition rate varies by age and/or sex. The number shown is the average across all applicable ages and sex.
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Wkly Rep. 2020;69(3);90-94.
never users, a significantly higher share of full switching by smokers, and lower rates of “switching back” 
from ENDS use to dual use or exclusive smoking. For cessation of ENDS use, the model rate used, while 
higher than that for smoking, is lower than those observed in either PATH or 10A.

Obviously, transition rates in the population cannot be known with certainty and are subject to changes 
over time. As we discuss in the main paper and in Supplement Section 3 below, we conducted model vali-
dation compared to historical data for the years 2000-2019 and extensive sensitive testing to gain further 
confidence that our model rates describe population-level trends well and that key model findings are 
robust to existing uncertainty around individual or groups of transition rates.

Additional Sensitivity Testing Results
Table S2 shows the impact of increasing and lowering each transition rate in the Modified Case by 50%. 

This is not to imply that these are the confidence intervals, or that the altered parameters are realistic, but 
rather, to illustrate the degree to which model projected outcomes are sensitive to variations in each rate 
and which rates are associated with positive or negative changes to population mortality.

Direct smoking cessation – smokers quitting smoking, no involvement with ENDS – is the single most 
impactful behavior on outcomes. However, because cessation rates are almost identical between the Base 
Case and the Modified Case, they have minimal impact on mortality differences between both cases.

Stopping the use of ENDS by ENDS users who were former smokers is also impactful, and this is mostly 
due to potential resumption of cigarette smoking by ENDS users (rather than the potential harm of ENDS 
use directly).

Switching from cigarette smoking to exclusive ENDS use has a large impact on model outcomes. This is 
expected, as this transition is the primary driver of benefit.

Moving from cigarette smoking to dual use has no immediate impact on each agent’s mortality in the 
PHM, but as indicated by data, dual use often is a transitional step towards subsequently switching com-
pletely from combustible cigarettes.9 Accordingly, sensitivity testing shows that greater benefit is observed 
as the transition rate from combustible cigarettes to dual use increases.

Initiation of cigarette smoking and initiation of ENDS use in combination with subsequent transitions 
to smoking or dual use are drivers of potential harm in the model. Similarly, resumption of cigarette smok-
ing after ENDS use and failed switching – ie, transitioning from dual use back to exclusive smoking – have 
significant negative impact in the model. (Obviously, to derive accurate real-world interpretations, these 
transitions, as well as switching, etc, have to be interpreted against the backdrop of what would have hap-
pened in a scenario without ENDS availability, ie, the counterfactual.)

A separate analysis in Figure S1 illustrates the impact of varying ERR in a scenario where ENDS ces-
sation rates in the Modified Case are reduced to match those for combustible cigarettes in the Modified 
Case. The mortality difference with a 5% ERR is then 1.9 million premature deaths averted (from 2.5 
million), and a tipping point would be reached at an ERR of approximately 55%.

Mortality Model
Our mortality model is a variant of one developed by Muhammad-Kah et al.10 The mortality hazard is 

modeled based on 2 data sources, the Kaiser Permanente (KP) Medical Care Program Cohort Study and 
the Human Mortality Database (HMD). The base equation for the hazard function is: 

ℎ(𝑎𝑎𝑎𝑎𝑎𝑎, YSM, YQSM, YENDS, YQENDS)

= 𝑎𝑎!!"#,%&&&∗	$!"#,%&&&	%	&!"#,%&&&∗	'()%	*'(,)*&,,∗+,-%	.'(,)*&,,∗	+,-∗'()%/'(,,,&-,∗+0,-  

∗ (𝐸𝐸𝐸𝐸𝐸𝐸%𝑒𝑒!!",$%&''∗#$%&'(	*!",$%&''∗	#$%&'∗+,-(.!",''&('∗#/$%&' − 1) + 1) 
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Here, YSM is the number of years of smoking, YQSM is the years of smoking cessation, YENDS is years 
of ENDS use, and YQENDS is years of ENDS cessation.

Applying the Lee-Carter model to mortality data from the HMD for the years 1950 to 2017 obtains a 
forecast of annual age- and gender-specific mortality improvement factors.10 We then add these factors to 
the mortality model as:

 

Transition Transition Rate
(Modified Case) With 50% Lower Rate With 50% Higher Rate

Type From To

Adult 
(Regular 

ENDS 
Use)

Youth 
(P30D 
ENDS 
Use)

Premature 
Deaths 
Averted

Difference 
to Modified 

Case

Premature 
Deaths 
Averted

Difference 
to Modified 

Case

Cessation Smoker Neither 3%a 3.5%a 1,372,396 -1,117,990 3,262,103 771,717

Cessation ENDS User 
(Former Smoker) Neither 6% 37.7% 1,993,509 -496,877 2,745,510 255,124

Cessation Smoker 
(Former ENDS) Neither 3% a 3.5% a 2,066,230 -424,156 2,743,496 253,110

Cessation Dual User Neither 3% a 3.5% a 2,380,589 -109,797 2,535,247 44,861
Cessation ENDS User Neither 6% 37.7% 2,347,607 -142,779 2,509,944 19,558
Switching Smoker ENDS 2.4% 0% 2,002,169 -488,217 2,799,371 308,985
Switching Dual User ENDS 34.0% 2.4% 2,014,771 -475,615 2,691,965 201,579

Switching Smoker 
(Former ENDS) ENDS 3.2% 3.2% 2,232,985 -257,401 2,620,518 130,132

Adding 
ENDS Smoker Dual Use 1.5% 23.5% 2,304,274 -186,112 2,611,437 121,051

Adding 
ENDS

Smoker 
(Former ENDS) Dual Use 1.8% 28.9% 2,396,430 -93,956 2,502,003 11,617

ENDS-to-
Smoking ENDS User Dual Use 9.9% 2.8% 2,545,732 55,346 2,379,431 -110,955

ENDS-to-
Smoking ENDS User Smoking 1.6% 1.2% 2,503,754 13,368 2,425,461 -64,925

Initiation Never User Dual Use 0.2%b 0.1% 2,470,817 -19,569 2,419,827 -70,559
Initiation Never User ENDS 1.8%b 15.5% 2,701,766 211,380 2,246,605 -243,781
Initiation Never User Smoking 1.3% a,b 0.2% 2,695,591 205,205 2,220,814 -269,572
Dual Use-
to-Smoking Dual User Smoking 16.0% 29.4% 2,588,766 98,380 2,359,358 -131,028

Relapse ENDS User 
(Former Smoker) Smoking 1.5% 24.3% 2,698,477 208,091 2,271,175 -219,211

Relapse ENDS User 
(Former Smoker) Dual Use 8.6a 14.1% 2,823,152 332,766 2,180,399 -309,987

Note.
a Transition rate varies by age. The number shown is the average across all applicable ages
b Among individuals age 18-24 only

Table S2
Impact of Varying Each Transition Rate +/-50%
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where t is the simulation year and LCage,t is the mortality improvement factor. The hazard rate is then con-
verted to the mortality probability using

Figure S2 shows examples of individual agent cumulative survival curves as a function of agent age as 
derived from the mortality model. A smoker initiating at age 18 faces an increased health risk over time. 
This individual’s chance of death by or before age 60, if they continue smoking (orange line), is almost 
twice that of a never tobacco user (blue line). Quitting smoking stops the accumulation of health damage, 
and over time, reduces some of the excess mortality risk through years of cessation (green and red lines).

Switching to an ENDS with a 5% ERR, although not as beneficial as quitting altogether, still provides 
a major potential health benefit in terms of reduced excess mortality (brown line). A never smoker who 
initiates and continues ENDS use at age 18 also faces an increased mortality risk, but much less so than 
that of a smoker (purple line).

Figure S1
Difference in Cumulative Premature Deaths Between the Modified Case and the Base Case 

for Varying ERR Values for a Scenario with Lowered ENDS Cessation Rates

 

((𝑒𝑒!!"#,%&&&∗	$!"#,%&&&	%	&!"#,%&&&∗	'()%	*'(,)*&,,∗+,-%	.'(,)*&,,∗	+,-∗'()%/'(,,,&-,∗+0,-  

∗ "𝐸𝐸𝐸𝐸𝐸𝐸"𝑒𝑒!!",$%&''∗#$%&'(	*!",$%&''∗	#$%&'∗+,-(.!",''&('∗#/$%&' − 1( + 1() ∗ 𝐿𝐿𝐿𝐿012,4 

(𝑎𝑎𝑎𝑎𝑎𝑎, YSM, YQSM, YENDS, YQENDS, t) = 1 − 𝑎𝑎!"($%&,()*,(+)*,(,-.),(+,-.),/) 
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Definitions of Tobacco Use States in the PHM
Below are the tobacco use states utilized in the PHM. The descriptions capture the concept for each and 

are slightly adjusted to the definitions and available data for each data source for prevalence and transitions 
between states (eg, as discussed in the paper, the PHM only considers long-term successful cessation for 
transitions from CC to FC and CE to FE).

Adult Tobacco Use States
• Current cigarette smoker (CC). Has smoked in the last 30 days, has smoked 100 or more cigarettes 

in their lifetime, has never used ENDS fairly regularly.
• Former cigarette smoker (FC). Has not smoked cigarettes for the past 30 days, has smoked 100 or 

more cigarettes in their lifetime, has never used ENDS fairly regularly.
• Current ENDS user and former smoker (CEFC). Has not smoked cigarettes for the past 30 days, 

has smoked 100 or more cigarettes in their lifetime, has ever used ENDS fairly regularly and has used 
ENDS fairly regularly in the past 30 days.

• Current ENDS user (CE). Has used ENDS fairly regularly in the past 30 days and has ever used 
ENDS fairly regularly, has not smoked 100 or more cigarettes in their lifetime.

• Former ENDS user (FE). Has ever used ENDS fairly regularly, has not used ENDS fairly regularly 

Figure S2
Survival Curves for Individual Agents with Different Tobacco Use Histories
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in the 30 days, has smoked less than 100 cigarettes in their lifetime.
• Current smoker and former ENDS user (CCFE). Has smoked in the last 30 days, has smoked 100 

or more cigarettes in their lifetime, has ever used ENDS fairly regularly, has not used ENDS fairly 
regularly in the past 30 days.

• Current dual user (CD). Has smoked in the last 30 days, has used ENDS fairly regularly in past 
30 days, and smoked 100 or more cigarettes in their lifetime and ever used ENDS fairly regularly.

• Former dual user (FD). Has not smoked cigarettes for the past 30 days, has smoked 100 or more 
cigarettes in their lifetime, has ever used ENDS fairly regularly, has not used ENDS fairly regularly 
in the past 30 days.

Youth Tobacco Use States
• Cigarette smoker (CC). Has smoked cigarettes in past 30 days, has smoked 100 or more cigarettes 

in their lifetime, has never used ENDS.
• Former cigarette smoker (FC). Has not smoked cigarettes in past 30 days, has smoked 100 or more 

cigarettes in their lifetime, has never used ENDS.
• Current ENDS user and former smoker (CEFC). Has not smoked cigarettes in past 30 days, has 

smoked 100 or more cigarettes in their lifetime, and has used ENDS in the past 30 days.
• ENDS user (CE). Has used ENDS in the past 30 days and has not smoked 100 or more cigarettes 

in their lifetime.
• Former ENDS user (FE). Has ever used ENDS, has not used ENDS in the past 30 days, and has 

not smoked 100 or more cigarettes in their lifetime.
• Current smoker and former ENDS user (CCFE). Has ever used ENDS, has not used ENDS in the 

past 30 days, has smoked cigarettes in the past 30 days, and has smoked 100 or more cigarettes in 
their lifetime.

• Current dual user (CD). Used both cigarettes and ENDS in past 30 days, and has smoked 100 or 
more cigarettes in their lifetime.

• Former dual user (FD). Has ever used ENDS and has smoked 100 or more cigarettes in their life-
time, has not used either cigarettes or ENDS in the past 30 days.
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This special issue on electronic nicotine de-
livery systems (ENDS), and JUUL, in par-
ticular, includes many interesting studies. 

Among them is a prospective study where buyers 
of a JUUL starter kit were asked to participate in an 
investigation with several follow-ups at one, 2, 3, 6, 
9, and 12 months. The researchers collected mul-
tiple baseline data that are reported in 7 different 
papers in this issue. Such a prospective study has 
its advantages, but also disadvantages, because the 
decision to participate may not be random and in-
dependent of important variables. The first paper is 
a relatively representative study of the use of ENDS 
and smoking in the US.1 The issue also includes 
an intervention study whose objective was to limit 
access of JUUL to underage users.2 An addition-
al paper reports on a modeling study to identify 
the public health impact of JUUL under different 
scenarios.3

What has intensified the debate about ENDS, es-
pecially JUUL, is the fact that these systems are be-
ing used by non-smoking young adults; that said, 
in one study, only one percent of current JUUL 
users were classified as never-smokers.1 However, 
for this study, one must take into consideration the 
metric used for determining “smoking status” – ie, 
“any smoking within the past 30 days.” Among 
middle-aged and older smokers, this definition 

could mean regular and daily smoking; however, 
for adolescents and young adults, it could mean ex-
perimental smoking with no progression to regular, 
harmful smoking. 

The other and more positive side of the argument 
is the help ENDS give smokers who are attempt-
ing to quit smoking. Significant associations with 
ENDS use and smoking cessation is seen in several 
analyses.4 About 50% of frequent JUUL purchas-
ers had stopped smoking at 12-month follow-up. 
This figure is based on self-report only, with no ob-
jective verification of smoking status of the type of-
ten used in smoking cessation trials. When a more 
restrictive definition is used, like switching (to 
ENDS) – ie, no smoking at all for the 30 days prior 
to both the 9- and 12-month assessments – the fig-
ure is reduced to approximately 30%. Still, 30% is 
a figure rarely seen even among motivated smokers 
receiving treatment for smoking cessation, and cer-
tainly not when smokers like ones in these studies 
attempt to quit on their own. The long-term suc-
cess rate in such attempts is often only about 5%.5 
The reason for this seemingly high effectiveness in 
real-world use is probably the close similarity to 
traditional cigarettes. JUUL especially seems to be 
able to deliver nicotine in a pharmacokinetic profile 
similar to that of traditional cigarettes,6 but overall, 
ENDS mimic smoking behavior more closely than 
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other treatments. Another feature of ENDS use is 
that there is no abrupt quitting needed. Instead, 
users have a possibility to discover for themselves 
how the product works and how it should be used, 
building trust, acceptance, and dependence where 
the product is concerned. A notable finding from 
several studies is that switching (to ENDS) or stop-
ping smoking steadily increases over time.4,7-8 This 
has rarely been seen in smoking cessation stud-
ies except from those with varenicline that man-
dated no abrupt quitting in the beginning of the 
treatment and found success rates to increase over 
time.9 Maybe there is a lesson to be learned here. 
The effect of using and getting used to a product 
and quitting gradually needs to be researched more 
thoroughly. As with most other treatments, success 
in stopping seems to be higher among less depen-
dent smokers and those who rate their dependence 
higher on JUUL.4,10

One of the papers in this issue examines depen-
dence on JUUL compared with baseline cigarette 
dependence.10 The dependence rating was lower 
with JUUL than with cigarettes, but the time on 
JUUL was shorter than that of cigarettes. What the 
dependence rating would be if time on JUUL and 
cigarettes were the same remains a question still to 
be studied.

The findings from several studies in this issue 
clearly point to JUUL as an effective smoking ces-
sation tool which has not been seen so convinc-
ingly in other studies where other ENDS products 
mostly have been used.11

The problem for regulators and the anti-tobacco 
community seems to be how much unintended 
consequence, ie, uptake among never-smokers and 
progression to smoking, can be allowed. Is one per-
cent, 2%, or 5% of JUUL users acceptable, or, is it 
an absolute number in a population that is critical? 
How much use of ENDS, or for that matter, other 
pure nicotine products (eg, NRT and non-tobacco 
pouches) is acceptable is a decision that ought to 
be based on its harmfulness. There are reasons to 
believe that pure nicotine products, conditioned 
that they do not expose users to toxic flavors and 
other by-products, have little or no risk for in-
creased mortality, as found with Swedish snus in 
the Global Burden of Disease Study.12 Because cig-
arettes are so much more harmful, one should be 
less disturbed by ENDS-only use by never-smokers 

than by dual use or exclusive smoking by persons 
with a history of smoking. Maybe the public health 
modeling demonstrated in this study can help an-
swer this question.3

The “tricky goal” to work towards seems to be to 
find a regulatory system that promotes ENDS and 
JUUL use for smokers, and at the same time keeps 
ENDS entirely away from never-smokers. In one 
intervention study, having mandated age verifica-
tion and a limit to the quantity of JUUL products 
that could be purchased per transaction seemed 
to reduce the potential for underage purchase of 
JUUL.2 The critical question with never-smokers’ 
use of ENDS is, of course, what would these indi-
viduals have done if JUUL or other pure nicotine 
products had not existed? Well-controlled studies 
yielding an answer to this question likely will never 
be done. Therefore, the decisions not only will be 
fact-driven, but also opinion-driven. Because it is 
unlikely that humankind will give up drugs, nico-
tine included, the findings from the studies pre-
sented in this issue suggest that ENDS, and JUUL 
in particular, can be an acceptable substitute for 
more harmful cigarette alternatives.
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ing cessation. He currently receives consulting fees 
from Swedish Match and has received fees in the 
past from Philip Morris International and British 
American Tobacco to assist their efforts to develop 
less-risky tobacco products. K.O.F. has not received 
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