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Inductive Characterization of ENDS-Associated

Adverse Events Among California Young Adults
Joshua S. Yang, PhD, MPH,1 Pauline Lim1, Kristen Ojeda1, Raphael E. Cuomo, PhD,2

Vidya Purushothaman, MPH,3 Tim Mackey, PhD, MAS3,4
Introduction: Previous studies have identified numerous adverse events experienced with the use
of ENDS or E-cigarettes. However, much remains unknown about adverse event frequency, dura-
tion, and response experienced by users. The purpose of this study was to inductively characterize
ENDS-attributed adverse events among young adults.

Methods: Sixteen focus groups were held with 114 young adults (aged 18−29 years) who have
reported lifetime ENDS use in April 2021. Discussion topics included current and previous tobacco,
nicotine, and cannabis use; specific symptoms and frequency and duration of and response to
symptoms of ENDS-attributed adverse events; and the impact of other conditions such as COVID-
19 on ENDS use. Data were inductively analyzed using a team-based approach.

Results: More than 40 ENDS-attributed adverse events were reported in focus groups among
approximately three quarters of all study participants, with headache, coughing, lightheadedness,
nausea, dry or sore throat, and dizziness the most common. In general, adverse events were tran-
sient, with most resolving in a few hours, although some tended to last for longer. The frequency of
adverse events varied most between every time ENDS were used and when someone vaped exces-
sively. Finally, behavioral responses varied by adverse events, with difficulty in breathing, chest
pain, and lung discomfort more likely to result in quitting permanently.

Conclusions: Overall, the results of this study show that not only do adverse events vary greatly,
but they also vary across multiple dimensions of user experience.
AJPM Focus 2022;1(2):100040. © 2022 The Author(s). Published by Elsevier Inc. on behalf of The American Jour-
nal of Preventive Medicine Board of Governors. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Electronic nicotine delivery systems (ENDS) or E-ciga-
rettes have become the leading form of tobacco use
among youth and young adults.1,2 In 2019, a total of
10.5% of middle school and 27.5% of high school students
reported using E-cigarettes, the highest of any tobacco
product3 and the highest since 2011, when 0.6% of middle
school and 1.5% of high school students used E-ciga-
rettes.1 In 2021, among young adults aged 18−24 years,
E-cigarettes were the most commonly used tobacco prod-
uct (9.4%), the highest among all age groups.2 Increasing
f Pre-
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ENDS use places youth and young adults at risk for harm
from nicotine exposure4 and a greater likelihood of ciga-
rette smoking.5

In addition to their relationship with nicotine and
combustible tobacco use, ENDS use has direct adverse
physiologic effects, triggering potentially harmful
cardiovascular6,7 and pulmonary response, impaired
respiratory function,8,9 and immune and developmental
effects.10 The National Academies of Sciences, Engineer-
ing, and Medicine concluded that potentially toxic sub-
stances are emitted from most ENDS, although ENDS
are likely less hazardous than combustible cigarettes and
emit lower levels of toxic substances than those found in
cigarette smoke.11 In the summer of 2019, an outbreak
of lung injury associated with ENDS drew public atten-
tion to the potential harms of their use. Although the
cause of what would be termed E-cigarette or vaping
product use-associated lung injury (EVALI) was attrib-
uted primarily to vitamin E acetate in cannabis vaping
products,12 reports of defective ENDS13 and having 14%
of all those hospitalized for EVALI reporting exclusive
use of ENDS14 raised concern over the safety of ENDS.
In a study of U.S. adults examining adverse symptoms

of ENDS use, more than half of all ever E-cigarette users
attributed one or more adverse symptoms to ENDS use.
Cough, dry or irritated mouth or throat, and dizziness
or lightheadedness were the most commonly reported
symptoms, with younger adults more likely to report
symptoms than older adults.15 Other symptoms include
headache/migraine, chest pain, abdominal pain, blurry
vision, and fatigue. In addition, the Center for Tobacco
Products in the U.S. Food and Drug Administration
(FDA), which has the responsibility for reviewing volun-
tary communications regarding adverse events (AEs),
reported that more than half of their tobacco-related AE
reports have been for ENDS and include serious AEs.16

Although evidence suggests that a wide range of
ENDS-attributed AEs are experienced by a large propor-
tion of ENDS users, much remains unknown about their
relative frequency and duration, how users respond to
AEs, or their long-term health effects. Without clear sci-
entific evidence of the nature and effects of ENDS, infor-
mation about constituents and potential benefits and
harms are varied. Studies suggest that harm perception
of E-cigarettes is lower than for conventional cigarettes
among youth and young adults, although overall harm
perceptions of ENDS are increasing among the general
U.S. adult population.17−19 Thus, evidence on ENDS-
attributed AEs and the impact of ENDS on health will
be an important part of ongoing, long-term efforts to
understand the harms of ENDS use, clearly communi-
cate harm messages, and support the FDA’s efforts at
appropriate regulatory oversight of ENDS. Hence, the
purpose of this study was to gain insights into young
adult ENDS use by inductively characterizing ENDS-
attributed AEs.
METHODS

Study Sample
In March and April 2021, a market research firm recruited and
screened individuals to participate in online focus group discus-
sions on ENDS-attributed AEs from a proprietary list of more
than 250,000 individuals on a panel of potential participants. In
addition to initial contact with individuals on its panel, the market
research firm recruited individuals through referral. Study inclu-
sion criteria were as follows: (1) aged 18−29 years, (2) used an
ENDS in the past 3 years, and (3) resident of California. Potential
participants were assigned to one of 16 focus groups stratified on
3 criteria: (1) having ever experienced an ENDS-attributed AE,
(2) current (past 30-day) or former (past 3 years but not past 30-
day) ENDS user, and (3) ENDS use pattern (ENDS only, ENDS
and cigarette dual use, ENDS and alternative tobacco product
dual use, and ENDS and cannabis product dual use).
Measures
An empirical phenomenologic approach, which focuses on lived
experiences of a phenomenon while bracketing previous under-
standing, was adopted for the broader project from which this
analysis is derived.20 More specifically, this study was designed to
describe how ENDS users perceived and experienced AEs that
they attributed to ENDS use. Before online focus group discus-
sions, participants completed an online consent form and survey,
which covered demographic characteristics, tobacco use patterns,
and tobacco-related social media use. Age and individual and
household income were collected as open-ended variables, with
sex, sexual orientation, race/ethnicity, educational attainment,
and employment status recorded as categorical variables with
response options as listed in Table 1. Tobacco use patterns were
obtained through questions asking about lifetime, past 3-year, and
past 30-day use of cigarettes; cigars, little cigars, or cigarillos; elec-
tronic cigarettes; noncombusted cigarettes (heated tobacco prod-
uct, heat-not-burn product, IQOS); chewing tobacco, moist snuff,
snus, or similar products; water pipes (e.g., hookah, shisha, nar-
ghile, and argileh); bidis; kreteks; dissolvable tobacco products;
and spliffs. Questions related to social media use asked: whether
participants use social media (yes/no); what social media channels
they use from a list of 9 social media platforms; and what type of
tobacco-related material they post on social media (tobacco-
related news [e.g., events, news reports]; tobacco-related behavior
[e.g., smoking, vaping]; tobacco marketing [e.g., new products,
price discounts]; communicate with others about tobacco [e.g.,
opinions, reviews, post questions or answers]; interact with or fol-
low tobacco-related influencers, celebrities, personalities; other;
do not post about tobacco on social media). Participants were also
asked to identify whether they experienced any of the 28 AEs
from a list derived from the literature on the online questionnaire.
Past 30-day cannabis use was determined from screener questions.
A total of 192 individuals consented to participate in the study,
with 157 assigned to focus groups. Completion of informed con-
sent forms and online questionnaires was confirmed before online
focus groups were conducted.
www.ajpmfocus.org



Table 1. Sample Description

Characteristics N=114, %

Age 24.1 years

Sex

Male 45.6

Female 51.8

Other 2.6

Sexual orientation

Bisexual 10.5

Gay 1.8

Lesbian 2.6

Heterosexual 80.7

Decline 4.4

Race/ethnicity

White 39.5

Black 8.8

AA-NHPI 16.7

Latino 17.5

MENA 5.3

2 or more 12.3

Highest level of education completed

HS diploma 17.5

Some college 16.7

Associate’s 13.9

Vocational 3.5

Bachelor’s 38.6

Graduate 4.4

Student status

Yes 43.0

No 56.3

Employment status

Not working, not looking 13.2%

Not working, looking 22.8

Part-time 28.1

Full-time 34.2

Marital status

Married 4.4

Living with partner 17.5

Separated 1.8

Never married 76.3

Number of tobacco products used in lifetime

1 11.4

2 14.9

3 19.3

4 21.1

5 18.4

6 10.5

7+ 3.6

Past 30-day tobacco use

Yes 69.3

No 30.7

(continued)

Table 1. Sample Description (continued)

Characteristics N=114, %

Past 30-day E-cigarette use

Yes 50.9

No 49.1

Current E-cigarette and THC dual user 14.0

Past 3 years, not current E-cigarette and THC
dual user

30.7

AA-NHPIN, Asian American-Native Hawaiian Pacific Islander; MENA,
Middle Eastern or North African; HS, high school; THC,
tetrahydrocannabinol.
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Online focus groups facilitated by the first author were held in
April 2021 with a total of 114 participants, all of whom completed
the online questionnaire. Focus group discussions included cur-
rent and previous tobacco, nicotine, and cannabis use (What kinds
of nicotine vape products do you currently or have you ever used?
Can you tell me more about when and how you use them? Can you
also tell me about use of any other combustible tobacco product
you currently or have ever used, like cigarettes, cigars, hookah, or
IQOS [heat-not-burn] products? What about smokeless products,
like chewing tobacco, lozenges, or heat-not-burn products? What
about THC products that are inhaled, like vaping THC or dab-
bing?), ENDS-attributed AEs (Can you tell me about any adverse
symptoms you’ve experienced with nicotine vaping or have heard of
other people experiencing? Please tell me more about when you [or
another person] experienced the symptoms; What did you [or
another person] do in response to experiencing these symptoms?),
EVALI knowledge and experiences (In 2019, there were reports of
an outbreak of lung injury from vaping. The condition was eventu-
ally called E-cigarette, or vaping, product use-associated lung
injury, or EVALI. Can you tell me when you first heard about these
cases? What did you first hear about it? How did your understand-
ing of what was happening change over time? How did you feel
about vaping when you heard about EVALI?), and COVID-19 and
ENDS and other product use (What have you heard about vaping
or other tobacco use and their relationship to COVID-19? Where
do you get your information about vaping and its relationship to
COVID-19? How has the COVID-19 outbreak affected your atti-
tude toward vaping or combustible tobacco use?). Focus groups
were video and audio recorded. On average, there were 7.1 indi-
viduals in each group (range: 4−9), and the average duration of
discussions was 90 minutes (range: 55−118 minutes). On comple-
tion of the focus group, a $150 incentive was issued to each partic-
ipant. The study protocol was approved by the IRB at California
State University, Fullerton.
Data Analysis
Focus group recordings were professionally transcribed, reviewed
for accuracy, and analyzed using ATLAS.ti 9. The codebook for the
analysis was developed using a team-based approach.21 The first
author developed an initial coding scheme on the basis of the focus
group discussion protocol, informal focus group notes, and a close
reading of 2 transcripts. Research assistants coded a subset of tran-
scripts using the coding scheme and added new codes as needed.
The analysis teammet to review and finalize the coding scheme.

Two research assistants both coded the same transcript until an
intercoder agreement of Krippendorff’s a=0.883 was reached on



Table 2. Reported AEs

Inductive AE Survey percentagea
Focus group
mentions

Headache 52.6 35

Coughing 50
1.8 (cough up blood)

22

Lightheadedness 57.9 22

Nausea 43.0 22

Dry/sore throat 34.2 21

Dizziness 38.6 17

Difficulty breathing 33.3 (shortness of breath)
16.7 (wheezing)

14

Throat pain 28.1 13

Chest pain 18.4 (chest tightness) 12

Head rush 8

Phlegm 5.3 (extra sputum) 7

Itchy/scratchy throat 6

Sluggishness 6

Stomach pain 5

Dry mouth 4

Insomnia 14.0 (sleep disturbance) 4

Hair loss 4

Lung discomfort 4

Cotton mouth 3

Panicky 3

Raspy voice 9.6 (harsh voice quality) 3

Anxiety 2

Dehydration 2

Heart palpitation 2

Heart rate increase 17.5 2

Not motivated 2

Spins 2

Vomiting 11.4 2

Adrenaline rush 1

Blisters in mouth and tongue 1

Changes in voice 1

Fatigue 23.7 1

Heartburn 4.4 1

Lingering taste in the mouth 4.4 (change or loss of taste) 1

Loss of appetite 1

Mood swings 1

Night sweats 1

Restlessness 1

Snoring 1

Vertigo 1

Weakness 1

Weight loss 6.1 1

Dry eyes 7.0 0

Sweat 5.3 0

Dry skin 5.3 0

Constipation 5.3 0

Heartburn 4.4 0

Chills 3.5 0

Fever 2.6 0

(continued)

Table 2. Reported AEs (continued)

Inductive AE Survey percentagea
Focus group
mentions

Itching skin 2.6 0

Total 263

aAE name as listed in the survey in parenthesis if differs from the term
used in focus groups.
AE, adverse event.
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the first coding, after which the remaining transcripts were coded
by 1 research assistant.22 Every unique instance of a participant
discussing an AE was extracted from the data and organized into
a table that included verbatim text on specific symptom and AE
frequency, duration, and response. Inductively derived response
categories were created by the first author for AE duration, fre-
quency, and response (see Appendix, available online) and applied
to the data, then reviewed for appropriateness by the third author.
Differences in interpretation and application were resolved using
a consensus approach. Focus group transcripts were recoded in
ATLAS.ti using categories from Table 1. Through an iterative
analysis of data memos, qualitative cross-tabulations of subcodes,
and analysis of focus group texts, patterns in frequency, duration,
and response for each AE were developed. In addition, an analyti-
cal data set was generated with focus group participants as cases
and each reported AE as a binary variable. For AEs where n>5, a
correlation matrix of Spearman correlation coefficients was com-
puted to identify distinct broader symptomologies vis a vis unique
clusters of multiple symptoms.
RESULTS

The study included 114 participants with an average age
of 24.1 years; 45.6% were female (Table 1). Among the
participants, 39.5% identified as White; 17.5% identified
as Latino; 16.7% identified as Asian American, Native
Hawaiian, or Pacific Islander; 8.8% identified as Black;
5.3% identified as Middle Eastern or North African; and
12.3% identified as of 2 or more racial/ethnic categories.
Most participants tried between 3 and 5 tobacco prod-
ucts in their lifetime, and 85 participants (74.6%)
reported ever experiencing at least 1 AE.
The average numbers of lifetime AEs from survey

responses were 5.03 AEs, and 45.5% of respondents
reported experiencing between 4 and 8 AEs. A total of
42 AEs were mentioned by study participants in focus
groups (Table 2), with 24 inductively identified AEs not
included on the online questionnaire; 8 AEs reported on
the online questionnaire were not brought up by partici-
pants in focus groups. The most commonly mentioned
AEs in the focus groups (20 or more mentions) were
headache, coughing, lightheadedness, nausea, and dry or
sore throat. Dizziness, difficulty in breathing, throat
pain, and chest pain were mentioned by 12−17 partici-
pants. Although the ordering differed, the 6 most
www.ajpmfocus.org



Table 3. Pairwise Spearman Correlation Coefficients Between Self-Reported Adverse Events in Focus Group Cohort

AE
Chest
pain Cough Dizziness

Dry/ sore
throat Headrush Headache

Itchy/ scratchy
throat Lightheadedness Nausea Phlegm

Difficulty in
breathing

Coughing −0.045

Dizziness −0.007 −0.111

Dry/sore throat −0.051 0.004 −0.122

Headrush −0.083 −0.065 0.086 0.126

Headache 0.085 −0.119 0.11 0.091 −0.132

Itchy/scratchy throat 0.103 0.172 −0.128 0.375 −0.083 0.181

Lightheadedness −0.045 −0.046 0.252 0.132 0.136 0.055 −0.045

Nausea −0.045 −0.046 0.034 −0.189 0.036 0.055 −0.045 0.019

Phlegm −0.083 −0.166 0.086 0.225 0.066 0.047 0.252 0.136 −0.166

Difficulty in breathing 0.138 0.073 −0.111 −0.243 −0.008 0.028 0.011 −0.082 −0.005 −0.127

Sluggishness 0.103 −0.153 −0.007 0.375 0.085 0.277 −0.076 0.064 −0.045 0.085 −0.117

Note: Boldface indicates statistical significance (p<0.05).
AE, adverse event
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commonly reported AEs were the same in focus groups
as in the survey.
Among the AEs reported at least 5 times in focus

groups, some were experienced together. Positive correla-
tions were between dry/sore throat and itchy/scratchy
throat (p<0.001), dry/sore throat and sluggishness
(p<0.001), headache and sluggishness (p=0.010), dizziness
and lightheadedness (p<0.001), itchy/scratchy throat and
phlegm (p=0.020), and dry/sore throat and phlegm
(p=0.039), which were AE combinations that were signifi-
cantly correlated (Table 3). A negative correlation was
observed between dry/sore throat and difficulty breathing
(p=0.025). Therefore, the following 5 AEs clustered with at
least one other AE: itchy/scratchy throat, phlegm, slug-
gishness, dry/sore throat, and headache. Although light-
headedness and dizziness were correlated, neither of these
AEs exhibited a statistically significant correlation with an
AE in the 5-symptom cluster.
More than half of all AEs discussed in focus groups

lasted for 3 hours or less, and nearly three quarters were
resolved within 24 hours. For example, most respond-
ents who had chest pain reported that it lasted for <30
minutes (Table 4), with 1 person reporting pain lasting
for 1−3 hours and 1 person reporting that “the next day
I just felt. . . chest pain for a couple days.” Coughing, diz-
ziness, and lightheadedness were also reported to gener-
ally last for <30 minutes, with only a few participants
reporting lightheadedness lasting for >1 and up to
12 hours. Nausea was also reported to generally last for
30 minutes or less, although a larger proportion of par-
ticipants reported that it lasted for up to 3 hours com-
pared with chest pain, coughing, dizziness, and
lightheadedness. Other AEs tended to last longer. For
example, dry and sore throat, throat pain, phlegm, and
sluggishness were reported to last for more than 12 hours
to >1 day by half of those mentioning a duration.
December 2022
Headaches had the greatest variability in reported
duration among the most frequently reported symp-
toms. There were similar numbers of respondents
reporting headaches lasting for <30 minutes, 1−3 hours,
3−12 hours, 12−24 hours, and >24 hours.
The frequency of AEs varied greatly for most symp-

toms. Among the most frequently cited AEs, participants
described the frequency of AEs as occurring either
always or every time or depending on usage, which was
most often periods when participants were vaping more.
The split between always or every time and depending
on usage was particularly true for coughing, dizziness,
dry or sore throat, headache, lightheadedness, and nau-
sea, with no distinction observed among current and for-
mer ENDS users. Among the most frequently cited AEs,
shortness of breath and throat pain were discussed more
commonly as happening always or every time, and no
differences appeared between those who were current or
former ENDS users.
Participants’ responses to experiencing an AE were

highly variable (Table 5), although the most common
responses across all AEs were to either quit successfully
or do nothing. Temporarily stopping until symptoms
pass, switching to other tobacco products, drinking
water, and switching to tetrahydrocannabinol products
were other less common but notable responses to AEs.
Relatively high proportions of participants who experi-
enced difficulty in breathing or chest pain reported quit-
ting permanently in response to AEs, with lower
proportions of participants who reported experiencing
lung discomfort or nausea permanently quitting or cut-
ting back. Temporarily cutting back was a more com-
mon response to coughing, dry or sore throat or mouth,
and headache.
Participants also reported switching to other tobacco or

nicotine products in response to a wide range of AEs.



Table 4. Example Quotes for Thematic Findings

Thematic area Adverse event Example quote

Adverse event
duration

Chest pain “Not too long, probably just like a minute or so”

Nausea “The nausea probably only really lasts, like 20 minutes”
“Just feel sick to my stomach. . . it’s at least an hour”

Headaches “A headache that would last maybe about 20−30 minutes”
“I would get these headaches. . . for like an hour or a few
hours”
“For my headaches it takes at least 6 hours”
“I had a headache for a day”
“Headache lasted for about 2 days”

Adverse event
frequency

Coughing (always or every time or
depends on usage)

“I would just cough. . . I would have the same result every time”
“Too much use, it’s either a headache or coughing a lot”

Dizziness (always or every time or
depends on usage)

“I realized I would get these headaches and dizziness from
them every time I would [vape]”
“Dizziness, just if I had took too many hits”

Dry or sore throat (always or every
time or depends on usage)

“A sore throat, that’ll be every time”
“If I [vape] too much, I would get like a sore throat”

Lightheadedness (always or every
time or depends on usage)

“Each time I did it, I felt [lightheaded]”
“I would be like smoking a lot and I would get. . . lightheaded”

Nausea (always or every time or
depends on usage)

“I haven’t had an experience where I don’t. . . just feel sick to
my stomach”
“Just super nauseous if I smoked a lot"

Shortness of breath (always or
every time)

“Shortness of breath was like every time”

Throat pain (always or every time) “Always a sore throat, always like a pain in my throat"

Response to
adverse event

Difficulty in breathing (quit) “I also feel a shortness of breath. . . so it just makes me want to
stop doing that because I did not like it”

Chest pain (quit) “A pain in my chest. . . like a poke, almost a stabbing kind of
pain. . . and then since I stopped the JUUL, it’s never been
there again”

Lung discomfort (quit) “I noticed my lungs would hurt sometimes. . . and that made
me quit because I realized it was more of a long-term impact"

Nausea (quit) “To smoke something that then caused [nausea], it was like,
uh, maybe no”

Coughing (cut back) “When I am vaping more often, then I notice I’m coughing or
having a harder time breathing, I tone it down and vape less”

Dry or sore throat or mouth/
headache (cut back)

“I would get like a sore throat, sometimes I would get
headaches, too. . . [my girlfriend and I] are just like, ‘let’s take a
break’ then we kind of just get back to it”

Dizziness (switch products) “Dizzy, lightheaded. . . I don’t trust these vapes at all anymore
so I went back to smoking cigarettes”

Headache (switch products) “The e-cigarette pens. . . I would have, like, a headache, throat
pain, and that’s why I leaned more onto my (cannabis) pen
more”
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Specifically, participants switched to cannabis products in
response to weakness, throat pain, raspy voice, nausea, light-
headedness, headache, or dry or sore throat, with a larger
proportion of those experiencing dizziness or headache.
DISCUSSION

This study sought to inductively characterize ENDS-
attributed AEs from the experiences of young adult
ENDS users. More than 40 ENDS-attributed AEs were
reported among approximately three quarters of all
study participants, with headache, coughing, lighthead-
edness, nausea, dry or sore throat, and dizziness being
the most common. In general, AEs were transient, with
most resolving in a few hours, although some tended to
last for longer. The frequency of AEs varied most
between every time ENDS were used and when someone
vaped excessively. Finally, behavioral responses varied
by AE, with difficulty in breathing, chest pain, and lung
discomfort more likely to result in quitting permanently.
In contrast, coughing, dry or sore throat or mouth, and
headache were dealt with by temporarily cutting back,
www.ajpmfocus.org



Table 5. Behavioral Responses to Most Commonly Reported
Adverse Events

Adverse event Behavioral responses

Chest pain Quit permanently
Cut back permanently
Quit for a period then start again
Cut back temporarily

Coughing Quit permanently
Cut back permanently
Temporarily cut back
Switch to other tobacco products
Drink water
Do nothing

Dizziness Quit for a period then start again
Temporarily stop until symptom passes
Switch to other tobacco product
Drink water
Sit or lay down
Do not inhale smoke
Do nothing

Dry or sore throat Quit for a period then start again
Cut back permanently
Temporarily stop until symptoms pass
Temporarily cut back
Consider quitting or cutting back
Switch to THC product
Switch to other product types (e.g., coffee)
Do nothing

Stomach pain Quit permanently
Quit for a period then start again
Temporarily stop until symptoms pass
Switch to other tobacco products
Do nothing

Headache Quit permanently
Quit for a period then start again
Temporarily stop until symptom passes
Temporarily cut back
Switch to THC products
Switch to other tobacco products
Drink water
Do not inhale smoke
Take medication
Do nothing

Lightheadedness Temporarily stop until symptoms pass
Temporarily cut back
Switch to THC products
Switch to other tobacco products
Wait out symptom
Drink water
Do not inhale smoke
Do nothing

Nausea Quit permanently
Quit for a period then start again
Temporarily stop until symptom passes
Consider quitting or cutting back
Switch to THC products
Eat something
Do not inhale smoke
Take medication
Do nothing

Phlegm Quit permanently
Unsuccessfully attempt to quit or cut back
Temporarily quit or cut back
Switch to other tobacco product
Spit or clear throat
Do nothing

(continued)

Table 5. Behavioral Responses to Most Commonly
Reported Adverse Events (continued)

Adverse event Behavioral responses

Difficulty in breathing Quit successfully
Temporarily stop until symptom passes
Temporarily cut back
Do nothing

Throat pain Quit for a period then start again
Unsuccessfully attempt to quit or cut back
Switch to THC products
Switch to other tobacco products
Drink water
Do not inhale smoke
Do nothing

THC, tetrahydrocannabinol.
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and switching products was more commonly reported
with dizziness and headache. Overall, the results of this
study show that not only do AEs vary greatly, but they
also vary across multiple dimensions of user experience.
The results of this study confirm previously identified

ENDS-attributed AEs and point to additional AEs. The
variations reported in AE duration and frequency may
be reflective of an evolving ENDS product landscape
where youth and young adults are particularly suscepti-
ble to marketing and initiation and may also reflect the
use of other tobacco and nontobacco substances or mul-
tiple product use or administration. Different behavioral
responses are likely a result of inadequate information
and advice on how users should respond when
experiencing an AE. In this context, the inductive cate-
gories developed in this study for AEs experienced and
AE duration, frequency, and response provide a basis for
advancing efforts to better measure and characterize
ENDS-attributed AEs using multiple data sources such
as future survey instruments and surveillance of ENDS-
attributed AEs. A closer examination of AEs that are
specific to ENDS compared with those specific to other
tobacco, substance use, or multiple product use is also
needed.
It is important to note that new tobacco products,

including ENDS, must receive market authorization
from the FDA to be legally marketed in the U.S. through
an extensive premarket review process. Once authorized,
postmarket surveillance of AEs is critical to fully under-
standing the risk and safety profile of new and emerging
ENDS. Currently, most AE data are derived from volun-
tary reporting through the FDA Tobacco Product
Adverse Event Reporting webpage.23 However, public
data from the FDA show that in 2021, only 94 voluntary
reports of tobacco product health and safety problems
were submitted, of which 62 were related to ENDS.24

The relatively low volume of formal AE reporting com-
pared with the high proportion of respondents reporting
AE experiences may underlie a challenge with
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underreporting as suggested by this and other
studies.15,25 Hence, more proactive efforts to assess
ENDS-related AEs should be developed to more fully
assess the risks associated with these products and their
potential impact on the short- and long-term health of
young adults.
The findings from this study can also inform future

efforts to reduce ENDS use. As this study suggests, some
AEs prompt ENDS users to make attempts at quitting
ENDS. Public information campaigns and cessation pro-
grams should leverage these experiences to guide ENDS
users from contemplation of or attempt at quitting or
cutting back to successful cessation of ENDS. This is
especially important with the proliferation of tobacco
products on the market as well as the growth and
expanding legalization of cannabis products that may
serve as alternatives to ENDS. This will require addi-
tional research to enhance the understanding of how
AEs may vary by ENDS use status, including the fre-
quency and volume of use and product mix. Enhancing
the appeal of quitting tobacco and cannabis products
altogether instead of switching among products will be
an important element of future tobacco control and ces-
sation efforts.

Limitations
This study has limitations. First, the convenience sam-
ple of participants limits the generalizability or repre-
sentativeness of the study findings to other young
adults, and the use of a commercial incentive rate may
have biased the sample, such as crowding out individu-
als who may have participated in the study for other or
lower incentives. Second, the small sample size pre-
vented deeper exploration of less commonly reported
AEs or the relationship between AEs and other varia-
bles. There may also be additional AEs not captured in
this study. In addition, questionnaires and focus group
discussions were focused on AE experiences over a
number of years, which may have introduced recall
bias. This study was limited to ENDS-attributed AEs
and was unable to distinguish whether AEs attributed
to ENDS may have been a result of co-use or coadmin-
istration of other products. With greater diversity of
tobacco products and within the ENDS product mar-
ket, future studies should expand the scope of AEs to
other tobacco products and delineate by specific prod-
uct types or brands within the ENDS market for more
targeted regulatory impact.
CONCLUSIONS

ENDS-attributed AEs are highly variable in their symp-
toms, duration, and frequency. The widespread
experience of AEs among ENDS users and their varying
health impacts suggest a need for more novel surveil-
lance approaches and the incorporation of these results
into regulatory considerations in evaluating ENDS prod-
ucts both before and after market. In addition, AEs
prompt some ENDS users to consider or attempt quit-
ting or cutting back their use. Although some users suc-
cessfully quit on their own, tobacco control efforts
should leverage the experiences of user AEs to actively
support cessation efforts.
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