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Abstract

IMPORTANCE Understanding patterns of e-cigarette use and access during the coronavirus disease
2019 (COVID-19) pandemic is important because e-cigarettes may put users at risk for more severe
respiratory effects and other health problems.

OBJECTIVE To examine whether underage youth and young adults who ever used e-cigarettes self-
reported changes in access and use of e-cigarettes since the COVID-19 pandemic began.

DESIGN, SETTING, AND PARTICIPANTS A national, cross-sectional online survey study was
conducted from May 6 to May 14, 2020. This sample of 4351 participants aged 13 to 24 years across
the US included 2167 e-cigarette ever-users. Quota sampling was used to balance for age, sex, race/
ethnicity, and 50% having ever used e-cigarettes.

MAIN OUTCOMES AND MEASURES Change in e-cigarette use (increase, decrease, quit, no change,
and switch to another product) and access to e-cigarettes (easier or harder, and change in point-of-
purchase) before and after the COVID-19 pandemic began, reasons for change, number of times
e-cigarettes were used, nicotine dependence, and sociodemographic data.

RESULTS This study focused on 2167 e-cigarette ever-users among 4351 participants who
completed the survey. Among 2167 e-cigarette users, a total of 1442 were younger than 21 years and
725 were aged 21 years or older; 1397 were female (64.5%) and 438 identified as lesbian, gay,
bisexual, transgender, queer (20.2%). The survey completion rate was 40%. Since the COVID-19
pandemic began, 1198 of 2125 e-cigarette users (56.4%) changed their use: 388 individuals (32.4%)
quit, 422 individuals (35.3%) reduced the amount of nicotine, 211 individuals (17.6%) increased
nicotine use, 94 individuals (7.8%) increased cannabis use, and 82 individuals (6.9%) switched to
other products. Participants reported that not being able to go to vape shops and product
unavailability were the reasons accessing e-cigarettes was difficult after the pandemic began. Since
the COVID-19 pandemic began, individuals reported purchasing from alternative retail stores
(disposables, 150 of 632 [23.7%]; pod-based, 144 of 797 [18.1%]; and other e-cigarette, 125 of 560
[22.3%], ie, between 18.1% and 23.7%), purchasing online instead of retail (disposables, 115 of 632
[18.2%]; pod-based, 156 of 797 [19.6%]; and other e-cigarette, 111 of 560 [19.8%], ie, between 18.2%
to 19.8%), and shifted to retail instead of online (disposables, 11 of 632 [1.7%]; pod-based, 17 of 797
[2.0%]; and other e-cigarette, 13 of 560 [2.3%], ie, between 1.7%-2.3%). Other individuals reported
no change: from retail stores (disposables 262 of 632 [41.5%]; pod-based 344 of 797 [43.2%]; and
other e-cigarette, 223 of 560 [39.8%], ie, between 39.8% and 43.2%) and online (disposables 94 of
632 [14.9%]; pod-based 136 of 797 [17.1%]; and other e-cigarette, 88 of 560 [15.8%], ie, between
14.9% and 17.1%). Underage youth reported e-cigarette deliveries from vape shops and/or dealers or
friends who received such deliveries, and 63 of 229 (27.5%) self-reported accessing e-cigarettes
without age verification. e-Cigarette users were 52% less likely to quit or reduce their use if they
previously used e-cigarettes between 11 and 99 times (adjusted odds ratio, 0.48; 95% CI, 0.30-0.78),
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Abstract (continued)

68% less likely to quit if they previously used e-cigarettes more than 100 times (adjusted odds ratio,
0.32; 95% CI, 0.20-0.51), and 51% were less likely to quit if they were nicotine dependent (adjusted
odds ratio, 0.49; 95% CI, 0.35-0.70).

CONCLUSIONS AND RELEVANCE During the COVID-19 pandemic, youth e-cigarette users reported
changes in e-cigarette use, point-of-purchase, and ability to purchase e-cigarettes without age
verification. The US Food and Drug Administration and local policy makers may find these data useful
to inform policies to prevent e-cigarette sales to underage youth.

JAMA Network Open. 2020;3(12):e2027572. doi:10.1001/jamanetworkopen.2020.27572

Introduction

Despite federal legislation restricting the minimum age of sale of tobacco products to 21 years1 and
guidance that e-cigarettes are unsafe for adolescent use,2 high rates of adolescent and young adult
e-cigarette use have been reported. In 2019, 27.5% of high school students and 10.5% of middle
school students reported past-month e-cigarette use.3 National data from 2018 indicated that 7.6%
of young adults (18-24 years) reported past-month e-cigarette use.4 Widespread advertising and
marketing,5-8 numerous flavors,9-11 concealability of products,12,13 curiosity,10and peer pressure10 are
some reasons why underage youth use e-cigarettes. e-Cigarettes weaken the respiratory and
immune system14-16 and tobacco and substance use are associated with users being more at risk of
coronavirus disease 2019 (COVID-19).17-19 Thus, understanding patterns of e-cigarette use in light of
COVID-19 is important.

Since early March 2020, most US states issued stay-at-home orders, mandating that individuals
socially distance themselves from others to limit or prevent the spread of COVID-19. Before the
pandemic, most adolescents reported that they obtained e-cigarettes from friends and brick-and-
mortar retail stores, with fewer adolescents accessing e-cigarettes online.20-22 Since the number of
COVID-19 infections began increasing in the US, many retail stores closed, including vape and smoke
shops. Adolescents and young adults have been staying home with family, possibly leading to
reduced socialization and reduced access to e-cigarettes from friends. The potential association of
stay-at-home mandates and retail store closures with adolescents’ access to and use of e-cigarettes
is unknown.

To our knowledge, there have been no population-based studies assessing and characterizing
e-cigarette access and use among underage youth and young adults before and during the COVID-19
pandemic. Understanding such patterns and shifts may inform the development of timely and
age-appropriate public health messaging and provide insights on policy levers for long-term
prevention of underage access to and use of e-cigarettes. Using a national sample, we examined
whether adolescents’ and young adults’ self-reported e-cigarette use changed, where they accessed
e-cigarettes before and during the pandemic, reasons for change, and factors associated with
dominant changes in use.

Methods

Participants
We used Qualtrics to recruit participants and field a national, cross-sectional, anonymous online
survey among its existing US panel members. The survey was conducted from May 6 to May 14,
2020. Qualtrics meets ESOMAR standards for social and behavioral research and monitors and
controls the quality of survey responses.23 Qualtrics provided its existing panelists with a link to a
description of the survey (eg, via gaming sites, social media, customer loyalty portals, and website
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intercept recruitment). Panelists were informed that they could withdraw from the study at any time
without any consequences. Panelists interested in completing our survey provided online consent
and assent before beginning the self-administered survey, and panelists received financial
compensation. Our sampling quota included 1:1:1 ratio of participants aged 13 to 17 years, 18 to 20
years, and 21 to 24 years, and a 50:50 ratio of ever-e-cigarette users to never-e-cigarette users. Our
sample was further balanced on sex and race/ethnicity per US Census data using sampling quotas.
Participants who completed the survey in less than one-third of the average completion time were
excluded. This study followed the American Association for Public Opinion Research (AAPOR) reporting
guideline for survey studies.24 The study protocol was approved by the institutional review board at
Stanford University. This study focused on participants who reported having ever used an e-cigarette.
Furthermore, we divided the sample into 2 age groups: 13 to 20 years, representing those under the
legal age of e-cigarette sales (underage youth), and 21 to 24 years (young adults). Sociodemographic
information on age, sex, sexual orientation, race/ethnicity, US state of residence, and self/friends
adhering to stay-at-home mandates was collected (further details in eTable 1 in the Supplement).

Measures
The survey comprised fixed-item response questions, including 39 questions asked of all participants
(sociodemographic and tobacco product use). Using display logic and skip patterns depending on
products ever used, participants then completed up to another 58 questions. The survey included a
mixture of validated items and new items developed to capture unique participant experiences
during the COVID-19 pandemic. New items were developed with input from our Youth Advisory
Board (12 youth members aged 16-22 years). The survey was piloted among a small group of
researchers and the Youth Advisory Board and iteratively revised.

Based on items used in previous survey studies,11,25-27 participants were asked to indicate the
number of times they ever used an e-cigarette: (1) never, (2) 1 to 2 times, (3) 3 to 10 times, (4) 11 to 19
times, (5) 20 to 30 times, (6) 31 to 99 times, and (7) 100 or more times25 and past 30-day use of an
e-cigarette, listing number of days used from 0 to 30.11,26,27Information on past 7-day use of
e-cigarettes with the number of days used from 0 to 711 was also asked separately for disposable
pod-based e-cigarettes (eg, Puff Bar), pod-based e-cigarettes (eg, JUUL), or other e-cigarettes
(eg, mods).

Loss of autonomy to e-cigarettes was asked through the Hooked on Nicotine Checklist (HONC),
a validated scale to assess nicotine dependence,28 which has been used among adolescent
populations29 and for e-cigarette products.11 The HONC includes 10 items that assess whether
participants had tried to quit, found it difficult to quit, felt addicted, experienced cravings, and
experienced withdrawal symptoms (difficulty concentrating, irritability, and nervousness). The
HONC has shown agreement between test and retest when used as a diagnostic indicator (ie,
selection of �1 symptoms) (κ = 0.74, Yules Y = 0.79, n = 74).29 We omitted 1 item (when you tried to
stop/when you haven’t used an e-cigarette in a while, did you feel a strong need or urge to use?),
resulting in 9 items for this study. Per standard HONC scoring,28 a response of yes to any HONC item
for any e-cigarette product was coded 1, indicating nicotine dependence; all other responses were
coded 0, indicating not dependent. The Cronbach α level for the 9 HONC items in our survey
was 0.93.

Survey items specifically addressing changing patterns of e-cigarette use during the COVID-19
pandemic did not exist; as such, we developed these questions with input from our Youth Advisory
Board and pilot testing. Participants were asked, Since the start of the COVID-19 pandemic in the US,
have you changed the amount you vape? (yes/no). If participants answered yes, we asked, Which of
the following best describes the change in vaping use?, with 7 response categories: (1) reduced
slightly, (2) reduced the amount I vape by half, (3) quit using vapes altogether, (4) increased the
amount I vape nicotine (more hours or more times in a day), (5) increased the amount I vape
marijuana/THC [tetrahydrocannabinol] (more hours or more times in a day), (6) switched from
vaping nicotine to other forms of nicotine, and (7) switched from vaping marijuana to other forms of
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marijuana. If participants checked categories indicating reduced use (reduced slightly or by half, or
quit), we asked, Why did you reduce your use/switch?, with 4-response categories: (1) because I am
home and parents will know, (2) because I can’t get my products, (3) because it may weaken my
lungs, and (4) other, please specify. If participants checked categories indicating increased use
(vaped nicotine and vaped marijuana/THC), we asked, Why did you increase your use/switch?, with
4 response categories: (1) because I am bored, (2) because I am stressed, (3) because I need a
distraction, and (4) other, please specify. Those who switched use to other forms of nicotine or
marijuana were asked both reasons for increasing and decreasing.

If participants reported that they switched from vaping nicotine to other forms of nicotine, we
asked them to indicate which product they switched to with 5 response categories: (1) chew, (2)
nicotine lozenges, (3) nicotine patches, (4) cigarette smoking, (5) nicotine gum, and (6) other, please
specify. If participants indicated that they switched from vaping marijuana to other forms of
marijuana, we asked them to report which product they switched to with 4 response categories: (1)
edibles, (2) smoked marijuana, (3) cigarette smoking, and (4) other, please specify.

We adapted 2 questions on nicotine strength from previous surveys to provide specific
response options to participants. The first of these questions was, What concentration of nicotine do
you typically use in your e-cigarette? with response-categories I don’t know, 0-, 6-, 12-, 18-24-mg,
and other30; the second question was, The nicotine content of a JUUL is 5%. Which of the following
do you think best describes the amount of nicotine in a JUUL? with response categories low, medium,
high, and I don’t know.31 Participants were then asked what nicotine strength by volume they used
most often (in the context of before COVID-19 and since staying at home due to COVID-19) for
disposable, pod-based, and other e-cigarettes. The question included 4 response categories: (1) less
than 2.5% (<25 mg), (2) between 2.5% and 5% (approximately 25-50 mg), (3) more than 5% (>50
mg), and (4) don’t know. We then created a new variable indicating whether and how e-cigarette
users changed the nicotine strength across products, coded as follows: (0) no change, (1) increase in
nicotine strength, (2) decrease in nicotine strength, (3) did not know since COVID-19, (4) did not
know before and knew since COVID-19, and (5) did not know before or after the COVID-19
pandemic began.

Participants were asked, How long does it usually take to finish your e-cigarette or pod?, as used
in a previously published survey,12 both before COVID-19 and since staying at home due to COVID-19.
We included 7 response categories: (1) less than a day, (2) 1 to 2 days, (3) 3 to 5 days, (4) a week (7
days), (5) 2 weeks, (6) 1 month, and (7) don’t know. We then created a new variable indicating
whether and how e-cigarette users changed the time they took to finish either an e-cigarette or pod,
coded as follows: (0) no change, (1) taking more time, (2) taking less time, (3) did not know since
COVID-19, (4) did not know before and knew since COVID-19, and (5) did not know before or after
COVID-19.

Questions on changing patterns of where youth and young adults accessed e-cigarettes during
the COVID-19 pandemic did not exist; as such, we developed these questions with input from our
Youth Advisory Board. Participants were asked, Since the start of the COVID-19 pandemic, what is
your experience of getting vapes or vaping-related products? We provided 2 response categories: (1)
it is much easier to get products and (2) it is much harder to get products. If participants found it
easier to obtain the products, they were asked why it was easier with 5 response categories: (1) vape
shop/dealer delivers it to my friend directly, (2) vape shop/dealer delivers it to me directly, (3) I
switched to buying it online, (4) it is cheaper than before due to promotions, and (5) I use my parents’
vape. If participants responded that the products were harder to obtain, they were asked why it was
harder, with 6 response categories: (1) my product is not available online, (2) I can’t go to a grocery
store or gas station, (3) longer shipping times, (4) I can’t go to the vape shop, (5) it’s more expensive,
and (6) restrictions on the number of products I can buy.

Participants were asked, Before COVID-19, where did you buy these product/s most often? and
After stay-at-home orders due to COVID-19, if you purchased any of these product/s, where did you
buy these products most often? We provided participants 10 response categories: (1) online, (2)
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drugstores (like Rite Aid), (3) gas station, (4) liquor store, (5) convenience store (like 7-Eleven or local
mart), (6) smoke shop or vape shop, (7) medical marijuana dispensary, (8) big retail store (like
Walmart), (9) supermarket (like Safeway), and (10) other, please specify. This survey question and
response categories were used in a previous survey study20 and we adapted response categories in
the National Youth Tobacco Survey question,21 During the past 30 days, where did you get or buy the
e-cigarettes that you have used?, to provide additional categories (eg, medical marijuana
dispensaries, smoke shops, and liquor stores) and description of stores to include examples (eg, Rite
Aid, Walmart, and 7-11). We also asked whether age was verified at the time of purchase: When you
purchased e-cigarette products, were you asked to verify your age? (yes/no/don’t know). If
respondents answered yes, we asked, How was your age verified? with 5 response categories: (1)
asked to upload identification (ID) as verification, (2) showed ID, (3) no age verification, (4) email
login, and (5) other, please specify. Questions on age verification were developed based on studies of
e-cigarette sales to underage youth, which suggested current strategies to verify age, including
name, address, birth date, social security number, and other forms of ID.32-34

Statistical Analysis
Participant characteristics were summarized for all underage youth and young adult e-cigarette
users. Due to missing data in our sample, these percentages were calculated using the number of
respondents as the denominator. Differences in access to e-cigarettes before and after the pandemic
began were analyzed through shifts in the point-of-purchase from retail to online, online to retail,
and no change among underage youth and young adults and reasons for finding it harder or easier to
access e-cigarettes. Logistic regressions were conducted to assess differences in study outcomes
between underage youth and young adults to provide odds ratios (ORs) and 95% CIs. In addition,
univariable and multivariable logistic regressions were conducted to examine factors associated with
quitting/reducing e-cigarette use since the COVID-19 pandemic began (the dominant pattern of
change in youth use), including sociodemographic covariates of age, sex, identifying as lesbian, gay,
bisexual, transgender, or queer, race/ethnicity, adhering to stay-at-home orders, reasons why it was
harder to access products, number of times they previously used e-cigarettes, nicotine dependence,
and adjusting for state-level clustering effects. Listwise deletion was used to omit cases with missing
data. Additional analysis assessed whether quitting or reducing use was associated with use of
specific e-cigarette device types (disposable, pod-based, and other) in the past 30 days. We used
Stata, version 15.1 (StataCorp LLC) to conduct 2-tailed tests, with significance set at P < .05.35

Results

Following the American Association for Public Opinion Research reporting guidelines for
nonprobability online samples,24 we report that 40% of those who clicked on the survey link
completed the entire survey, resulting in a 40% participation rate (ie, completion rate).36 We
excluded from our sample 269 surveys because they did not meet Qualtrics quality checks. The final
sample was 4351 participants. In this study, we focused on the 2167 participants who indicated that
they had ever used an e-cigarette.

As reported in Table 1, 2167 e-cigarette users in our sample were divided into 2 age groups:
younger than 21 years (underage youth, under the legal age to purchase tobacco; n = 1442) and 21
years and older (young adults; n = 725). The mean (SD) age of underage e-cigarette users was 17.51
(2.7) years and young adult e-cigarette users was 22.44 (2.9) years, with 403 of 1442 underage youth
aged less than 17 years (27.9%). Our sample included 1397 females (64.5%), 723 males (33.4%), and
438 people who identified as lesbian, gay, bisexual, transgender, queer (20.2%). Participants were
racially/ethnically diverse, with 319 individuals reporting as African American/Black, non-Hispanic
(14.7%), 146 Asian/Pacific Islander, non-Hispanic (6.7%), 416 Hispanic, non–African American/Black
(19.2%), 1102 White, non-Hispanic (50.9%), and 184 other/multiracial, non-Hispanic (8.5%). A total
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of 1693 of 2093 participants (80.9%) reported that they were adhering to COVID-19–related stay-at-
home orders, and 1086 of 1812 (59.9%) perceived that their friends were adhering to such orders. A
total of 1086 of 1992 respondents (54.5%) indicated that they used an e-cigarette in the past 30
days, 913 of 1988 individuals (46.0%) reported use within the past 7 days, 427 of 1932 respondents
(22.1%) had used an e-cigarette 100 or more times, and 1331 of 2167 individuals (61.4%) were nicotine
dependent.

Change in e-Cigarette Use
Table 2 reports changes in e-cigarette use since the COVID-19 pandemic began. Among 2125 ever-e-
cigarette users, 1198 (56.4%) reported that they had changed the amount they used since the start
of the COVID-19 pandemic, with no significant differences between underage youth and young
adults. Among those who changed their e-cigarette use, 283 of 776 underage youth (36.5%) self-
reported quitting e-cigarettes since the pandemic began compared with 105 of 421 young adults
(24.9%), and 239 of 776 (30.8%) of underage youth and 105 of 725 young adults (24.9%) reported
reducing the amount they used e-cigarettes (slightly or by half), compared with 183 of 421 young
adults (43.4%). Increased amount of nicotine in e-cigarettes during the pandemic was self-reported
by 129 of 776 underage youth (16.6%) and 82 of 421 young adults (19.5%), and an increased amount
of cannabis/tetrahydrocannabinol in e-cigarettes was reported by 65 of 776 underage youth (8.4%)
and 29 of 421 young adults (6.9%). Further, a total of 82 e-cigarette users (6.9%) had either switched
to other forms of nicotine or cannabis. Overall, 810 of 1197 (67.7%) e-cigarette users who changed
their use reported quitting or reduced use of e-cigarettes (by half/slightly). Approximately 2% of both
underage youth (17 [2.2%]) and young adults (10 [2.4%]) self-reported switching from e-cigarettes

Table 1. Participant Characteristics of e-Cigarette Ever-Users

Characteristic (No. of responses)

Ever-users, No. (%)
Total
(n = 2167)

Underage (age <21 y)
(n = 1442)

Young adults ( age ≥21 y)
(n = 725)

Age, mean (SD), y (n = 2167) 19.17 (2.3) 17.51 (2.7) 22.44 (2.9)

Sex (n = 2166)

Male 723 (33.4) 399 (27.7) 324 (44.7)

Female 1397 (64.5) 1006 (69.8) 391 (53.9)

Other/nonbinary 46 (2.1) 36 (2.5) 10 (1.4)

LGBTQ (n = 2166) 438 (20.2) 329 (22.8) 109 (15.0)

Race/ethnicity (n = 2167)

African American/Black 319 (14.7) 179 (12.4) 140 (19.3)

Asian/Pacific Islander, non-Hispanic 146 (6.7) 84 (5.8) 62 (8.6)

Hispanic 416 (19.2) 262 (18.2) 154 (21.2)

White, non-Hispanic 1102 (50.9) 806 (55.9) 296 (40.8)

Other/multiracial 184 (8.5) 111 (7.7) 73 (10.1)

Past 30-d use of e-cigarettes (n = 1992) 1086 (54.5) 663 (49.6) 423 (64.5)

Past 7-d use of e-cigarettes (n = 1988) 913 (46.0) 539 (40.4) 374 (57.1)

No. of times any e-cigarette was used
(n = 1932)

1-2 472 (24.4) 331 (25.5) 141 (22.2)

3-10 432 (22.4) 284 (21.9) 148 (23.3)

11-19 210 (10.9) 124 (9.6) 86 (13.5)

20-30 208 (10.8) 132 (10.2) 76 (11.9)

31-99 183 (9.5) 117 (9.0) 66 (10.4)

≥100 427 (22.1) 309 (23.8) 118 (18.7)

Nicotine dependent (HONC score ≥1)
(n = 2167)

1331 (61.4) 883 (61.2) 448 (61.8)

Adhering to stay-at-home mandate
(n = 2093)

1693 (80.9) 1090 (78.9) 603 (84.6)

Friends adhering to stay-at-home
mandate (n = 1812)

1086 (59.9) 633 (53.3) 453 (72.5) Abbreviation: HONC, Hooked on Nicotine Checklist;
LGBTQ, lesbian, gay, bisexual, transgender, queer.
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Table 2. Changes in e-Cigarette Use Before and After the COVID-19 Pandemic Begana

Characteristic (No. of responses)

No. (%)
Unadjusted OR
(95% CI)b

Total sample
(n = 2167)

Underage youth (age <21 y)
(n = 1442)

Young adults (age ≥21 y)
(n = 725)

Participants reporting any change in the amount of e-cigarette use
since COVID-19 (n = 2125)

1198 (56.4) 776 (55.1) 422 (58.9) 0.85 (0.71-1.02)

Type of change since COVID-19 (n = 1197)

Quit using e-cigarettes 388 (32.4) 283 (36.5) 105 (24.9) 1.72 (1.32-2.25)b

Reduced the amount by half 232 (19.4) 143 (18.4) 89 (21.1) 0.84 (0.62-1.13)

Reduced slightly 190 (15.9) 96 (12.4) 94 (22.3) 0.49 (0.35-0.67)b

Increased amount of nicotine in e-cigarettes 211 (17.6) 129 (16.6) 82 (19.6) 0.82 (0.60-1.11)

Increased amount of cannabis/THC 94 (7.8) 65 (8.4) 29 (6.9) 1.23 (0.78-1.94)

Switched from e-cigarette use to other forms of nicotine 27 (2.3) 17 (2.2) 10 (2.4) 0.92 (0.41-2.02)

Combustible cigarettes 10 (37.0) 8 (47.1) 2 (20.0)

Nicotine patches or gum 16 (59.2) 8 (47.1) 8 (80.0)

Other 1 (3.8) 1 (5.8) 0

Switched from using cannabis/THC in e-cigarettes to other products 55 (4.6) 43 (5.5) 12 (2.8) 1.99 (1.04-3.83)b

Smoked cannabis 24 (43.6) 18 (41.9) 6 (50.0)

Edible cannabis 12 (21.8) 9 (20.9) 3 (25.1)

Blunts 11 (20.0) 10 (23.4) 1 (8.3)

Combustible cigarettes 4 (7.3) 3 (6.9) 1 (8.3)

Other 4 (7.3) 3 (6.9) 1 (8.3)

Nicotine strength before and after COVID-19 (n = 1714)

No change 813 (47.4) 539 (46.2) 274 (50.1) 0.85 (0.69-1.04)

Reduced nicotine strength 262 (15.3) 163 (14.0) 99 (18.1) 0.73 (0.55-0.96)

Increased nicotine strength 170 (9.9) 99 (8.5) 71 (13.0) 0.62 (0.45-0.85)b

Did not know before or since COVID-19 300 (17.5) 233 (20.0) 67 (12.2) 1.78 (1.33-2.39)b

Knew nicotine strength before COVID-19 and do not know since 140 (8.2) 110 (9.3) 30 (5.5) 1.79 (1.18-2.72)b

Did not know nicotine strength before COVID-19 and now know 29 (1.7) 23 (2.0) 6 (1.1) 1.81 (0.73-4.47)

Time taken to finish a pod or e-cigarette before and after COVID-19
(n = 1840)

No change 572 (31.1) 370 (29.7) 202 (34.1) 0.81 (0.66-1.01)

Taking less time to finish 348 (18.9) 230 (18.4) 118 (19.9) 0.91 (0.71-1.16)

Taking more time to finish 316 (17.2) 181 (14.5) 135 (22.8) 0.57 (0.44-0.73)b

Did not know before or since COVID-19 386 (20.9) 296 (23.7) 90 (15.2) 1.73 (1.34-2.25)b

Do not know since COVID-19 207 (11.3) 164 (13.2) 43 (7.2) 1.93 (1.36-2.75)b

Did not know how much was used before COVID-19 and now know 11 (0.6) 6 (0.5) 5 (0.8) 0.56 (0.17-1.87)

Reasons for decreased e-cigarette use after COVID-19 (n = 895)

At home and parents will know 136 (15.2) 80 (13.7) 56 (17.9) 0.72 (0.50-1.05)

Cannot get products 175 (19.5) 102 (17.5) 73 (23.4) 0.69 (0.49-0.97)b

e-Cigarettes may weaken the lungs 224 (25.0) 132 (22.7) 92 (29.5) 0.69 (0.51-0.95)b

Any combination of ≥2 reasons above 287 (32.1) 213 (36.5) 74 (23.7) 1.85 (1.35-2.52)b

Other 73 (8.2) 56 (9.6) 17 (5.5) 1.84 (1.05-3.23)b

Reasons for increasing the amount of nicotine/cannabis in e-cigarettes
after COVID-19 (n = 421)

Bored 88 (20.9) 65 (24.5) 23 (14.8) 1.85 (1.09-3.13)b

Stressed 83 (19.7) 40 (15.0) 43 (27.8) 0.46 (0.28-0.74)b

Need a distraction 35 (8.3) 19 (7.1) 16 (10.4) 0.66 (0.33-1.34)

Any combination of ≥2 reasons above 201 (47.7) 131 (49.3) 70 (45.1) 1.17 (0.79-1.75)

Other 14 (3.4) 11 (4.1) 3 (1.9) 2.18 (0.60-7.95)

Abbreviations: COVID-19, coronavirus disease 2019; OR, odds ratio; THC,
tetrahydrocannabinol.
a Owing to missing data in our sample, percentages were calculated using the number of

responses as the denominator. Therefore, the denominators using the numbers of
participants in the underage (<21 years) and young adult (�21 years) cohorts for each
characteristic are as follows: participants reporting any change in the amount of
e-cigarette use since the COVID-19 pandemic began (1409 underage vs 716 young

adults), type of change since the pandemic began (776 underage vs 421 young adults),
nicotine strength since before and after the pandemic began (1167 underage vs 547
young adults), time taken to finish a pod or e-cigarette since before and after the
pandemic began (1247 underage vs 593 young adult), reasons for decreased use after
the pandemic began (583 underage vs 312 young adults), and reasons for increased use
after the pandemic began (266 underage vs 155 young adults).

b Statistically significant at P < .05.
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to other forms of nicotine, with underage youth reporting that they switched to combustible
cigarettes, gum, and patches, and young adults reporting that they switched to gum and patches.
Other e-cigarette users (underage youth, 43 of 776 [5.5%]; younger adults, 12 of 421 [2.8%]) said
they switched from using cannabis/THC in their e-cigarettes to smoked cannabis, edible cannabis,
and blunts. Table 2 also reports that 813 of 1714 participants (47.4%) reported that they did not
change nicotine strength and 572 of 1840 participants (31.1%) indicated that they did not change the
time used to finish their e-cigarette after the COVID-19 pandemic began. Among the 1714 participants
who reported on changes, 262 individuals (15.3%) reduced nicotine strength (163 of 1167 [14.0%]
underage youth and 99 of 547 [18.1%] young adult e-cigarette users) and 316 participants (17.2%)
took more time to finish their e-cigarette (181 of 1247 [14.5%] underage youth and 135 of 593 [22.8%]
young adults). Nicotine strength and time taken to finish different products before and after the
COVID-19 pandemic began are reported in eTable 2 and eTable 3 in the Supplement.

Reasons for Changing e-Cigarette Use
Table 2 reports reasons why 895 e-cigarette users reduced their e-cigarette use since the start of the
COVID-19 pandemic, including e-cigarettes may weaken their lungs (224 [25.0%]), their parents
would find out that they were using e-cigarettes (136 [15.2%]), that they could not get e-cigarettes
(175 [19.5%]), citing a combination of 2 or more of these reasons (287 [32.1%]), and other reasons (73
[8.2%]).Similarly, among 421 e-cigarette users citing reasons for increased use 201 e-cigarette users
(47.7%) attributed their increased amount of nicotine and/or cannabis in e-cigarettes since the
COVID-19 pandemic began to a combination of reasons, including boredom, stress, and need for
distraction; the remaining participants cited individual reasons for increased use: boredom (88
[20.9%]), stress (83 [19.7%]), the need for a distraction (35 [8.3%], and other reasons (14 [3.4]).

Ease or Difficulty in Accessing Products
Table 3 describes reasons why participants found it harder to access e-cigarettes since the COVID-19
pandemic began, including not being able to go to a grocery store or gas station (557 [28.7%]) or
vape shop (377 [19.4%]) and longer shipping times (412 [21.2%]). More young adults than underage
youth were affected by longer shipping times and products not being available online. The top
reasons for finding it easy to access e-cigarettes among 261 e-cigarette users included vape shop/

Table 3. Reasons Why It Is Easier or Harder to Access Products Since the COVID-19 Pandemic Begana

Characteristic (No. of responses)

No. (%)
Unadjusted OR
(95% CI)

Total sample
(n = 2167)

Underage youth [<21]
(n = 1442)

Young adults [≥21]
(n = 725)

Reasons why it is hard to get e-cigarettes (n = 1939)

I cannot go to a grocery store or gas station 557 (28.7) 371 (29.1) 186 (28.0) 1.05 (0.85-1.29)

Longer shipping times 412 (21.2) 236 (18.5) 176 (26.5) 0.62 (0.50-0.78)b

I cannot go to the vape shop 377 (19.4) 274 (21.5) 103 (15.5) 1.49 (1.16-1.91)b

My product is not available online 250 (12.9) 151 (11.8) 99 (14.9) 0.76 (0.58-1.01)b

It is more expensive 177 (9.1) 113 (8.9) 64 (9.6) 0.91 (0.66-1.25)

Restrictions on number of products I can buy 166 (8.7) 130 (10.2) 36 (5.5) 1.98 (1.35-2.90)b

Reasons why it is easy to get e-cigarettes (n = 261)

Vape shop/dealer delivers it to me directly 90 (34.5) 38 (33.0) 52 (35.6) 0.89 (0.53-1.49)

Vape shop/dealer delivers it to my friend directly 53 (20.3) 24 (20.9) 29 (19.9) 1.06 (0.58-1.95)

I switched to buying it online 51 (19.5) 21 (18.3) 30 (20.5) 0.86 (0.46-1.60)

It is cheaper than before due to promotions 51 (19.5) 27 (23.5) 24 (16.4) 1.56 (0.84-2.88)

I use my parents’ vape 16 (6.2) 5 (4.3) 11 (7.6) 0.55 (0.18-1.65)

Abbreviations: COVID-19, coronavirus disease 2019; OR, odds ratio.
a Owing to missing data in our sample, percentages were calculated using the number of

responses as the denominator. Therefore, the denominators using the numbers of
participants in the underage (<21 years) and young adult (�21 years) cohorts for each

characteristic are as follows: reasons why it is hard to get e-cigarettes (1275 underage
vs 664 young adults) and reasons why is it easy to get e-cigarettes (115 underage vs 146
young adults).

b Statistically significant at P < .05.
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dealer delivers to self and friends (143 [54.8%]) and switching to online purchasing (51 [19.5%]).
More than 50% of 115 underage youth who found it easier to access products were getting direct
deliveries from vape shops/dealers (38 [33.0%]) or from friends who got vape shop deliveries (24
[20.9%]). Among 229 underage e-cigarette users who answered the question on whether their age
was verified during recent e-cigarette purchases, 63 individuals (27.5%) reported buying e-cigarettes
without any verification and 12 (5.2%) did not know if their age was verified. Among 154 of underage
youth (67.3%) whose age was verified, 112 (72.7%) physically showed ID, 11 (7.1%) gave an email login,
28 (18.2%) uploaded ID information online, and 3 (1.9%) reported other. Compared with young
adults, underage youth were more likely to find it difficult to get e-cigarettes because of restrictions
on the number of products they could buy (unadjusted odds ratio [OR], 1.98; 95% CI, 1.35-2.90) and
because they could not go to a vape shop (unadjusted OR, 1.49; 95% CI, 1.16-1.91.)

Change in Point-of-Purchase
Before the COVID-19 pandemic began, most participants predominantly self-reported purchasing
their e-cigarettes from smoke shops, vape shops, and gas stations, followed by online and
convenience stores; after the pandemic began, online purchasing was the predominant source
(eTable 4 in the Supplement). As reported in Table 4, since the COVID-19 pandemic began,
e-cigarette users reported shifting their point-of-purchase from one type of retail store to another
(disposables, 150 of 632 [23.7%]; pod-based, 144 of 797 [18.1%]; and other e-cigarette, 125 of 560
[22.3%], ie, between 18.1% and 23.7%), shifting their point-of-purchase from retail to online
(disposables, 115 of 632 [18.2%]; pod-based, 156 of 797 [19.6%]; and other e-cigarette, 111 of 560
[19.8%], ie, between 18.2% and 19.8%), shifting from online to retail (disposables, 11 of 632 [1.7%];
pod-based, 17 of 797 [2.0%]; and other e-cigarette 13 of 560 [2.3%], ie, between 1.7%-2.3%),
continuing with the same retail location (disposables, 262 of 632 [41.5%]; pod-based, 344 of 797
[43.2%]; and other e-cigarette, 223 of 560 [39.8%], ie, between 39.8% and 43.2%), and continuing

Table 4. Change in the Point of Purchasing e-Cigarettes Before and After COVID-19 by Product Type

Characteristic

No. (%)
Unadjusted OR
(95% CI)

Total
sample

Underage youth
(<21)

Young adults
(≥21)

Disposables

No. 632 350 282

No change in retail location 262 (41.5) 165 (47.2) 97 (34.5) 1.70 (1.23-2.34)a

No change in online location 94 (14.9) 45 (12.8) 49 (17.4) 0.70 (0.45-1.08)

Changed from retail to online 115 (18.2) 61 (17.4) 54 (19.1) 0.89 (0.59-1.33)

Changed from retail to other type of
retail

150 (23.7) 74 (21.2) 76 (26.9) 0.72 (0.50-1.05)

Changed from online to retail 11 (1.7) 5 (1.4) 6 (2.1) 0.66 (0.20-2.21)

Pod-based e-cigarettes

No. 797 447 350

No change in retail location 344 (43.2) 216 (48.3) 128 (36.6) 1.62 (1.21-2.15)a

No change in online location 136 (17.1) 76 (17.0) 60 (17.1) 0.99 (0.68-1.43)

Changed from retail to online 156 (19.6) 83 (18.6) 73 (20.9) 0.86 (0.61-1.22)

Changed from retail to other type of
retail

144 (18.1) 68 (15.2) 76 (21.7) 0.64 (0.45-0.92)a

Changed from online to retail 17 (2.0) 4 (0.8) 13 (3.7) 0.23 (0.07-0.72)a

Other e-cigarettes

No. 560 308 252

No change in retail location 223 (39.8) 144 (46.7) 79 (31.3) 1.92 (1.35-2.72)a

No change in online location 88 (15.8) 44 (14.4) 44 (17.5) 0.78 (0.49-1.24)

Changed from retail to online 111 (19.8) 58 (18.8) 53 (21.0) 0.87 (0.57-1.32)

Changed from retail to other type of
retail

125 (22.3) 56 (18.2) 69 (27.4) 0.58 (0.39-0.87)a

Changed from online to retail 13 (2.3) 6 (1.9) 7 (2.8) 0.69 (0.23-2.09)

Abbreviations: COVID-19, coronavirus disease 2019;
OR, odds ratio.
a Statistically significant at P < .05.
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with the same online location (disposables, 94 of 632 [14.9%]; pod-based, 136 of 797 [17.1%]; and
other e-cigarette, 88 of 560 [15.8%], ie, between 14.9% and 17.1%). Overall, 39.8% to 44.5% of
e-cigarette users across different device types reported changing their point-of-purchase since the
pandemic began (276 of 632 disposable e-cigarette users [43.7%]; 317 of 797 pod-based e-cigarette
users [39.8%]; and 249 of 560 other e-cigarette users [44.5%]). As reported in Table 4, underage
youth were 1.6 to 1.9 times (unadjusted ORs) more likely to continue with their retail location of
purchasing e-cigarettes compared with young adults across disposable, pod-based, and other
e-cigarettes. For pod-based e-cigarettes, underage youth were 36% less likely to change to an
alternative retail location (unadjusted OR, 0.64; 95% CI, 0.45-0.92) and 77% less likely to change
from online to retail sources (unadjusted OR, 0.23; 95% CI, 0.07-0.72) compared with young adults.
For other e-cigarettes, underage youth were 42% less likely to change their point of purchase to an
alternative retail location (unadjusted OR, 0.58; 95% CI, 0.39-0.87).

Factors Associated With Quitting or Reducing e-Cigarette Use
As reported in Table 5, quitting or reducing e-cigarette use since the COVID-19 pandemic began was

Table 5. Association Between Reduced e-Cigarette Use During COVID-19 and Other Factors

Characteristic

Quitting or reduced e-cigarette use [n = 991], OR (95% CI)

Unadjusted Adjusted
Legal age of purchasing tobacco, including
e-cigarettes, y

13-20 (underage youth) 0.94 (0.73-1.22) 1.07 (0.77-1.49)

21-24 (young adult) 1 [Reference] 1 [Reference]

Sex

Male 1.06 (0.82-1.37) 0.98 (0.77-1.25)

Other 1.04 (0.46-2.35) 1.10 (0.47-2.57)

Female 1 [Reference] 1 [Reference]

LGBTQ

Yes 0.76 (0.57-2.54) 0.80 (0.57-1.11)

No 1 [Reference] 1 [Reference]

Race/ethnicity

African American/Black, non-Hispanic 1.56 (1.10-2.21)a 1.20 (.76-1.88)

Asian/ Pacific Islander 2.35 (1.39-3.96)a 1.88 (1.10-3.22)a

Other/multiracial, non-Hispanic 1.62 (1.17-2.25)a 1.60 (1.04-2.47)a

Hispanic, non-African American/Black 1.13 (.74-1.71) 1.40 (0.85-2.32)

White, non-Hispanic 1 [Reference] 1 [Reference]

Adhering to stay-at-home mandate

Yes 1.55 (1.12-2.15)a 1.49 (1.06-2.08)a

No 1 [Reference] 1 [Reference]

Harder to get products

Longer shipping times 0.84 (0.59-1.20) 0.69 (0.49-0.95)a

I can’t go to the vape shop 0.89 (0.62-1.28) 0.84 (0.63-1.14)

My product is not available online 1.51 (0.97-2.34) 1.34 (0.78-2.31)

It’s more expensive 0.77 (0.48-1.22) 0.71 (0.44-1.16)

Restrictions on number of products I can buy 1.15 (0.69-2.60) 1.05 (0.68-1.64)

I can’t go to a grocery store or gas station 1 [Reference] 1 [Reference]

No. of times an e-cigarette was used

11-99 0.44 (0.32-0.61)a 0.48 (0.30-0.78)a

≥100 0.24 (0.17-0.34)a 0.32 (0.20-0.51)a

1-10 1 [Reference] 1 [Reference]

Nicotine dependence

Dependent (any answer as yes to HONC) 0.45 (0.33-0.61)a 0.49 (0.35-0.70)a

Not dependent (all other answers) 1 [Reference] 1 [Reference]

Abbreviations: COVID-19, coronavirus disease 2019;
HONC, Hooked on Nicotine Checklist; LGBTQ, lesbian,
gay, bisexual, transgender, queer; OR, odds ratio.
a Statistically significant at P > .05.
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1.9 times more likely among e-cigarette users who were Asian/Pacific Islander (adjusted OR [aOR],
1.88; 95% CI, 1.10-3.22), 1.6 times more likely among other/multiracial, non-Hispanic individuals (aOR,
1.60; 95% CI, 1.04-2.47), and 1.5 times more likely among those who were adhering to stay-at-home
mandates (aOR, 1.49; 95% CI, 1.06-2.08). e-Cigarette users were 31% less likely to quit if they
experienced longer shipping times (aOR, 0.69; 95% CI, 0.49-0.95), 52% less likely to quit if they
used an e-cigarette 11 to 99 times (aOR, 0.48; 95% CI, 0.30-0.78), 68% less likely if they used an
e-cigarette 100 or more times (aOR, 0.32; 95% CI, 0.20-0.51), and 51% less likely to quit if they were
nicotine dependent (aOR, 0.49; 95% CI, 0.35-0.70). Underage youth were not more likely to quit or
reduce e-cigarette use compared with young adults, despite finding it harder to access their
products. We included device types used in the past 30 days to this model in an additional analysis
and observed that past 30-day pod-based e-cigarette-users were 47% less likely to quit or reduce
their use (aOR, 5.3; 95% CI, 0.31-0.88), and Asian/Pacific Islander, non-Hispanic (aOR, 2.11; 95% CI,
1.15-3.85), other/multiracial, non-Hispanic (aOR, 2.77; 95% CI, 1.21-6.34) and Hispanic, non–African
American/Black (aOR, 2.48; 95% CI, 1.41-4.34) participants were more than 2 times more likely to
quit or reduce their use; and participants who had previously used e-cigarettes more than 100 times
were 59% less likely to quit/reduce use (aOR, 0.41; 95% CI, 0.20-0.83).

Discussion

Our study from a national convenience sample of underage youth and young adult ever e-cigarette
users is, to our knowledge, among the first to describe changes in e-cigarette use, access to
e-cigarettes, and reasons for these changes since the COVID-19 pandemic began. Findings show that
67.7% of all e-cigarette users who changed their use reported quitting or reduced use of e-cigarettes,
17.6% increased the amount of nicotine used in e-cigarettes, 7.8% increased the amount of cannabis
used in e-cigarettes, and 6.9% switched to other nicotine or cannabis products. Self-reported access
to e-cigarettes changed during the COVID-19 pandemic for 39.8%-44.5% of e-cigarette users, with
18.1% to 23.7% switching to alternative retail locations, 18.2% to 19.8% of e-cigarette users switching
their point-of-purchase from retail to online stores, and approximately 2% switching from online to
retail stores, depending on the product. Understanding patterns of e-cigarette use during the
COVID-19 pandemic has the potential to inform prevention efforts to reduce e-cigarette use and
associated lung and respiratory illnesses that may be associated with an increased risk of COVID-19
among underage youth and young adults.17-19

Our findings suggest that vape shops and online platforms are routinely selling to underage
youth during this pandemic. Underage youth were likely to face access-related issues owing to
restrictions associated with the COVID-19 pandemic because their parents were likely to be home
and they could not easily go to stores, in addition to the fact that they were under the legal age of sale
for tobacco. Nevertheless, there was no significant difference in quitting or reduced use between
underage youth and young adults. We found that nicotine dependence and having used e-cigarettes
a large number of times (>10) were associated factors that made it less likely for underage youth to
quit or reduce their use of e-cigarettes. Longer shipping times made it less likely for participants to
report quitting or reduced use, potentially because they anticipated future deliveries. We also found
that race/ethnicity and adhering to stay-at-home mandates were significant factors associated with
quitting or reduced use. Additional analysis showed that e-cigarette users who reported past 30-day
use of pod-based e-cigarettes were 47% less likely to reduce e-cigarette use or quit. Underage youth
who found it easier (not harder) to access e-cigarettes during the pandemic reported getting them
online and from vape shops/dealers that delivered directly to them or to their friends. These findings
underscore the need to effectively verify age online and in person.

Findings in this study necessitate further examination for several reasons. First, despite some
e-cigarette companies indicating that they have enhanced their online age-verification methods to
prevent youth access, our findings show that still over a quarter of youth are not being asked to verify
their age (from among those who answered the question). Underage youth who turn to online
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purchases of e-cigarettes during the pandemic in lieu of their previous sources may continue to use
these easy-access means, making online prohibitions or age verification even more essential. The US
Food and Drug Administration should use its authority to prevent online sales of e-cigarettes to
underage youth37 and deny marketing authorization for e-cigarette companies whose premarket
tobacco product applications38 do not prove that their online age-verification tools work to keep
underage youth from purchasing e-cigarettes. Regardless of federal action, states and localities can
also require effective age verification for online e-cigarette sales and rescind licenses and/or assess
penalties for companies that allow underage online purchases. In addition, states and localities can
enact and enforce laws, such as in California, that prohibit sales and delivery to persons under age 21
years by “public or private postal services,” and require age verification and signatures.39

Second, since participants who were less likely to report quitting or reducing e-cigarette use had
previously used a large number of times and are nicotine dependent, cessation resources, including
nicotine step-down approaches, are needed. In this study, sheltering-in-place policies that may have
limited access to retail store purchases may have helped facilitate quitting or reduced use among
both underage youth and young adults. Self-reported reducing and quitting behaviors among some
e-cigarette users during the pandemic are positive, especially given emerging evidence that
COVID-19 may be associated with inhaled tobacco use, potentially due to a weakened respiratory
system and compromised immune system.17-19 However, we do not know about quitting-related
nicotine withdrawal symptoms, physical and mental health challenges, or whether switching to other
products will gradually reduce nicotine use or help cope with nicotine withdrawal. Furthermore, we
do not know if quit attempts will be sustained after the COVID-19 pandemic. Additional research is
needed to guide e-cigarette users who are quitting or reducing their use and to inform cessation
interventions. These findings may further support US Food and Drug Administration regulations
requiring standardized nicotine delivery in tobacco products so that e-cigarettes are less addictive
and easier for underage youth to quit.40

In addition, it is notable that the least-cited reason for decreased e-cigarette use after the
COVID-19 pandemic began was that “parents will know,” which suggests that the small and
concealable design of e-cigarettes (often replicating flash drives or highlighters) allow underage
youth to continue to hide and use e-cigarettes at home, even with family members nearby. The US
Food and Drug Administration has the authority to regulate marketing that targets youth37 and to
adopt tobacco product standards “for the protection of the public health,” including “provisions
respecting the construction, components…and properties of the tobacco product”40 relating to the
overall design and concealability of e-cigarettes. In July 2020, the US Food and Drug Administration
issued warning letters to companies whose electronic nicotine delivery systems products resembling
watches were “designed to conceal a tobacco product from parents, teachers, or other adults.”41-43

Furthermore, because evidence shows that secondhand e-cigarette aerosol contains toxic
compounds44-46 and it is unknown whether underage youth are using these products around
parents and family members at home, prevention education may help parents and others to
recognize devices and reduce involuntary exposure to aerosol.

Limitations
The study has limitations. Findings from this national convenience sample are not generalizable;
however, because we have a well-balanced sample on sex and race/ethnicity, our findings are
suggestive of patterns among the wider US population of e-cigarette users aged 13 to 24 years. Our
entire analysis focused on patterns of use and access among e-cigarette users and may not be
comparable with studies on populations that include nonusers. The mean age of underage youth (17
years) in this study is closer to the age of a young adult population, possibly implying that their
relationship with parents at home, access to credit cards, and independence in decision-making
related to staying at home may have been more similar to the young adult vs children aged 13 years
in our study. In addition, in this study, we did not account for state- and county-level regulation and
enforcement of tobacco policies as other potential confounders. Self-reported data may have also
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been affected by recall bias, as several questions related to the time period before and since the
COVID-19 pandemic began. Fewer participants answered the question on reasons why they found it
easier to access e-cigarettes since the pandemic began. We did not assess whether e-cigarette users
were using the products with friends in a social setting, thereby making it difficult to assess whether
they were unable to continue using during the COVID-19 pandemic for these reasons as they were
accustomed to using with others. Since completion of this study, some stay-at-home orders have
been lifted and some schools and businesses have reopened across many US locations. Further
research is needed to assess the pattern of e-cigarette use and access in subsequent stages of the
COVID-19 pandemic.

Conclusions

In this survey study of US adolescents and young adults during the COVID-19 pandemic, more
e-cigarette users self-reported quitting or reducing e-cigarette use than those increasing e-cigarette
use or switching to other nicotine and cannabis products. e-Cigarette users self-reported that during
the COVID-19 pandemic they changed their point-of-purchase from retail stores, such as vape shops
and gas stations, to purchasing from alternative retail locations and online. We found that in-store
and online unregulated sales to underage youth continued through this stage of the pandemic.
Despite the fact that underage youth likely experienced greater restrictions on their movement and
use of e-cigarettes in their home, we observed no significant difference in their quitting behavior
compared with young adults.
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