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IMPORTANCE The prevalence of e-cigarette use among US youth increased from 2011 to 2018.

Supplemental content

Continued monitoring of the prevalence of e-cigarette and other tobacco product use among
youth is important to inform public health policy, planning, and regulatory efforts.
OBJECTIVE To estimate the prevalence of e-cigarette use among US high school and

middle school students in 2019 including frequency of use, brands used, and use
of flavored products.
DESIGN, SETTING, AND PARTICIPANTS Cross-sectional analyses of a school-based nationally
representative sample of 19 018 US students in grades 6 to 12 participating in the 2019
National Youth Tobacco Survey. The survey was conducted from February 15, 2019,
to May 24, 2019.
MAIN OUTCOMES AND MEASURES Self-reported current (past 30-day) e-cigarette use
estimates among high school and middle school students; frequent use (ⱖ20 days in the past
30 days) and usual e-cigarette brand among current e-cigarette users; and use of flavored
e-cigarettes and flavor types among current exclusive e-cigarette users (no use of other
tobacco products) by school level and usual brand. Prevalence estimates were weighted
to account for the complex sampling design.
RESULTS The survey included 10 097 high school students (mean [SD] age, 16.1 [3.0] years;
47.5% female) and 8837 middle school students (mean [SD] age, 12.7 [2.8] years; 48.7%
female). The response rate was 66.3%. An estimated 27.5% (95% CI, 25.3%-29.7%) of high
school students and 10.5% (95% CI, 9.4%-11.8%) of middle school students reported current
e-cigarette use. Among current e-cigarette users, an estimated 34.2% (95% CI, 31.2%-37.3%)
of high school students and 18.0% (95% CI, 15.2%-21.2%) of middle school students reported
frequent use, and an estimated 63.6% (95% CI, 59.3%-67.8%) of high school students and
65.4% (95% CI, 60.6%-69.9%) of middle school students reported exclusive use of
e-cigarettes. Among current e-cigarette users, an estimated 59.1% (95% CI, 54.8%-63.2%) of
high school students and 54.1% (95% CI, 49.1%-59.0%) of middle school students reported
JUUL as their usual e-cigarette brand in the past 30 days; among current e-cigarette users,
13.8% (95% CI, 12.0%-15.9%) of high school students and 16.8% (95% CI, 13.6%-20.7%)
of middle school students reported not having a usual e-cigarette brand. Among current
exclusive e-cigarette users, an estimated 72.2% (95% CI, 69.1%-75.1%) of high school
students and 59.2% (95% CI, 54.8%-63.4%) of middle school students used flavored
e-cigarettes, with fruit, menthol or mint, and candy, desserts, or other sweets being
the most commonly reported flavors.
CONCLUSIONS AND RELEVANCE In 2019, the prevalence of self-reported e-cigarette use
was high among high school and middle school students, with many current e-cigarette
users reporting frequent use and most of the exclusive e-cigarette users reporting use
of flavored e-cigarettes.
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ost tobacco product use is initiated during youth and
young adulthood.1 In 2018, an estimated 4.0 million high school students and 840 000 middle
school students were current (past 30-day) tobacco product
users.2,3 Since 2014, e-cigarettes have been the most commonly used tobacco product among youth.2 The popularity of
e-cigarettes shaped like USB flash drives and other similar devices likely has contributed to youth uptake; these devices can
be used discreetly, may have a high nicotine content, and come
in flavors that appeal to youth.4 Most e-cigarettes contain nicotine, and nicotine exposure during adolescence can harm the
developing brain, which continues to develop until about age
25 years.5,6 Nicotine exposure during adolescence can affect
learning, memory, and attention5,6 and can increase risk for
future addiction to other drugs.1,5
During 2011-2015, current e-cigarette use among US
high school students increased from 1.5% to 16.0%, before declining to 11.3% in 2016 and remaining unchanged at 11.7% in
2017.7 However, a substantial increase in current e-cigarette
use by middle and high school students occurred during
2017-2018, 2,3 leading the Food and Drug Administration
Commissioner and the US Surgeon General to declare youth
e-cigarette use an epidemic in 2018. 6,8 A 2018 Surgeon
General’s Advisory called for aggressive steps to reduce
e-cigarette use among youth, including evidence-based
population-level strategies.6,9,10 The advisory reinforced the
importance of continued surveillance of e-cigarette use among
youth, which is critical to inform the development, implementation, and sustainment of such strategies.6
However, whether the recent increase in e-cigarette use
continued into 2019 is unknown. The objectives of this study
were to (1) assess the most recent prevalence of self-reported
current (past 30-day) e-cigarette use among US high school
and middle school students; (2) describe use characteristics
among current e-cigarette users; and (3) describe flavored
e-cigarette use among current exclusive e-cigarette users.

Methods
Data Source
The National Youth Tobacco Survey (NYTS) study protocol was
approved by the institutional review board of the US Centers
for Disease Control and Prevention (CDC). Participating schools
determined whether parental consent would be received actively, whereby parents provided written permission allowing their child to participate in the survey, or passively, whereby
parents signed and returned the permission form only if they
did not want their child to participate in the survey. Parental
consent and respondent assent were obtained for all participants. The NYTS is a cross-sectional, school-based, selfadministered questionnaire that has been administered to
US high school (grades 9-12) and middle school (grades 6-8)
students since 1999.11 A 3-stage cluster sampling procedure,
including primary sampling units, schools, and classrooms
within schools, is used to generate a nationally representative sample of US students attending public and private schools
in grades 6 through 12. Detailed information about the
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Key Points
Question What is the estimated prevalence of the current (past
30-day) use of e-cigarettes among US high school and middle
school students in 2019?
Findings In this cross-sectional survey conducted in 2019 that
included 19 018 participants, the prevalence of self-reported
current e-cigarette use was 27.5% among high school students
and 10.5% among middle school students.
Meaning In 2019, the prevalence of self-reported current
e-cigarette use was high among US high school and middle
school students.

annual survey is available elsewhere.11 Race and ethnicity
were separately assessed by self-report with fixed category response options. Students could select 1 or more of the following categories for race: American Indian or Alaska Native,
Asian, black or African American, Native Hawaiian or other
Pacific Islander, or white. Students could select whether they
were Hispanic, Latino, Latina, or of Spanish origin.
During 1999-2018, the survey was conducted using a
paper-and-pencil questionnaire. The 2019 survey data were
collected solely using an electronic mode of survey administration including skip patterns and product images following
the implementation of an electronic pilot survey administration in 2018.12 Data collection for the 2019 survey occurred
from February 15, 2019, to May 24, 2019. Data were collected
offline using a survey application that was loaded onto an
electronic tablet.
Students absent on the day of survey administration could
participate using a web-based version of the questionnaire,
which was programmed to mimic the tablet-based application. Skip patterns were programmed in the 2019 questionnaire to reduce respondent burden; respondents were not asked
about tobacco-specific use behaviors if they did not report using
each respective tobacco product. Each product-specific section began with a product description and included nonbranded example images. Brand examples also were included
in the product description text for select tobacco products,
which were identified as top brands based on dollar sales for the
52 weeks ending on April 21, 2018, using Nielsen Scantrack data13
for total US convenience stores and all outlets combined. JUUL
was added as a brand example to the e-cigarette section
description in 2019; all other brand examples in 2019 were included in the previous survey year. The questions used in this
study are listed in the eAppendix in the Supplement.

Measures
Current use of e-cigarettes was defined as use on 1 or more days
of the past 30 days. Current exclusive e-cigarette users were
those who reported past 30-day use of e-cigarettes but no other
tobacco product. To be consistent with previous literature on
frequent use,6 among current e-cigarette users, frequency of
use of e-cigarettes was dichotomized as use on 20 or more days
or fewer than 20 days during the past 30 days. Measures of
current use of any tobacco product and of cigarettes were
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included to provide context for the current e-cigarette use estimates. Current “any tobacco product use” was defined as use
of 1 or more tobacco products (cigarettes, e-cigarettes, cigars
[cigars/cigarillos/little cigars], smokeless tobacco [chewing
tobacco, snuff, dip, snus, and dissolvable tobacco], hookah
tobacco, pipe tobacco, and bidis) on 1 or more days of the past
30 days. Current use of cigarettes was defined as use on 1 or
more days of the past 30 days.
Usual brand use was first assessed in 2019 among current
e-cigarette users by the question, “During the past 30 days,
what brand of e-cigarettes did you usually use?” Respondents could select JUUL, blu, Logic, MarkTen, NJOY, Vuse, some
other brand not listed here, or indicated that they did not have
a usual brand of e-cigarette. Those who selected “Some other
brand not listed here” could provide a write-in response;
write-in responses were recoded into valid responses (2 additional brands, SMOK and Suorin, are reported based on the
write-in responses).
Use of flavored e-cigarettes was determined by the
response to the question, “Which of the following tobacco
products that you used in the past 30 days were flavored to
taste like menthol (mint), alcohol (wine, cognac), candy,
fruit, chocolate, or other sweets?” Participants could select
from a list of options to indicate the flavored tobacco product(s) they had used. Current e-cigarette users who selected
e-cigarettes from the list of tobacco products were categorized as flavored e-cigarette users; current e-cigarette users
who indicated “I did not use any flavored tobacco products
in the past 30 days” were categorized as unflavored
e-cigarette users, and those who skipped this question were
categorized as unknown flavored e-cigarette users. Beginning in 2016, respondents who indicated they used 1 or more
flavored tobacco products were asked, “What flavors of
tobacco products have you used in the past 30 days?” Participants could select 1 or more of the following responses:
menthol or mint, clove or spice, fruit, chocolate, alcoholic
drink (such as wine, cognac, margarita, or other cocktails),
candy, desserts, or other sweets, or some other flavor not
listed here. Those who indicated “some other flavor not
listed here” could specify with a write-in response.

Statistical Analysis
Statistical analyses were conducted using SAS-callable
SUDAAN (SUDAAN version 11.0.3, Research Triangle Institute) to account for the complex sampling design. A weighting factor was applied to each student record to adjust for
nonresponse and for varying probabilities of selection;
weights were adjusted to ensure that the weighted proportions of students in each grade matched national population
estimates. The weight adjustment for student nonresponse
was made by sex and grade within schools so that the sum of
student weights over participating students within a school
matched the total enrollment by grade and sex in the school
during data collection. At the school level, nonresponse
adjustments used school type (public, nonpublic), National
Center for Educational Statistics locale indicator, and schoollevel poverty status. Weighted prevalence estimates and 95%
CIs for current use of any tobacco product, cigarettes, and
jama.com
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e-cigarettes were assessed among high school and middle
school students separately. Estimates are considered statistically unreliable and are suppressed if the unweighted
denominator is less than 50 or the relative standard error is
greater than 30%.
Among current e-cigarette users in high school and middle
school, frequency of e-cigarette use (<20 days vs ≥20 days; daily
use on all 30 days) was reported. Usual brand of e-cigarette used
in the past 30 days was reported among current e-cigarette
users only. Analyses of past 30-day flavored e-cigarette use,
and specific flavor types used, were restricted to current
exclusive e-cigarette users to reflect flavor types used in
e-cigarettes only. Supplemental analyses compared characteristics of JUUL users with those who reported use of
another brand or indicated no usual brand.
In 2018, a pilot survey of the NYTS was conducted using 2
electronic versions, one programmed to align with the paperbased survey and the other to take advantage of electronic administration, including programmed skip patterns and tobacco
product images12; minimal differences in tobacco product use
estimates were observed between the 2 electronic pilot survey
versions in 2018.12 However, due to various questionnaire improvements and the change in survey administration mode in
2019, statistical testing was not conducted for changes in tobacco product use behaviors (prevalence, frequent use) between 2019 and the previous year. Trends in each specific
flavor type used from 2016 to 2019 were examined separately,
with the annual percentage change calculated using Joinpoint
regression14; analyses were not conducted for flavor categories
if any of the estimates were suppressed. Two-sided P values
less than .05 were considered statistically significant. Because
of the lack of adjustment for multiple comparisons, findings from
analyses of differences for flavored e-cigarette use and across
survey years have the potential for type I error.

Results
A total of 19 018 high school and middle school students participated in the 2019 NYTS (overall response rate: 66.3%;
product of school [77.2%] and student [85.8%] participation
rates) (Table 1). Of these, 9099 were female (47.7%) and 9352
were non-Hispanic white (54.9%). The distribution of participants was similar across grades, ranging from 2306
(12.9%) in 12th grade to 3024 (14.6%) in seventh grade. Participants who indicated that they were ungraded, were in
another grade, or who did not respond to that question
(n = 84, 0.4%) were excluded from analyses stratified by
school type. Among the 10 097 high school students who
participated in the survey, the mean (SD) age was 16.1 (3.0)
years and 47.5% were female; among the 8837 middle school
students who participated, the mean (SD) age was 12.7 (2.8)
years and 48.7% were female.
In 2019, an estimated 27.5% (95% CI, 25.3%-29.7%) of high
school students reported current use of e-cigarettes and an
estimated 5.8% (95% CI, 4.6%-7.3%) reported smoking cigarettes (Table 2). In total, an estimated 31.2% (95% CI, 29.1%33.5%) of high school students reported current use of any
(Reprinted) JAMA Published online November 5, 2019
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Table 1. Sociodemographic Characteristics of High School and Middle School Students, 2019
High School Students

Middle School Students

Unweighted,
No.

Weighted %
(95% CI)

Unweighted,
No.

Weighted %
(95% CI)

Female

4766

47.5 (44.8-50.1)

4310

48.7 (47.5-49.9)

Male

5291

52.5 (49.9-55.2)

4471

51.3 (50.1-52.5)

Non-Hispanic white

4698

52.9 (47.1-58.6)

3818

50.9 (46.0-55.7)

Non-Hispanic black

1189

12.6 (9.3-16.8)

1092

12.6 (9.9-15.9)

Hispanic

2897

24.0 (20.3-28.2)

2639

26.1 (22.7-29.7)

Non-Hispanic other race

1198

10.5 (8.6-12.8)

976

10.4 (9.1-11.9)

6th

2944

33.2 (31.1-35.4)

7th

3024

33.3 (31.6-35.1)

8th

2869

33.5 (31.7-35.2)

Characteristica
Sex

Race and ethnicity

Grade

a

9th

2790

27.4 (25.8-29.0)

10th

2499

25.7 (24.4-27.0)

11th

2502

23.9 (22.9-24.8)

12th

2306

23.1 (21.8-24.4)

There were 116 respondents
(0.54%) missing data on sex,
446 respondents (2.3%) missing
data on race and ethnicity, and
84 respondents (0.39%) missing
data on grade level.

Table 2. Estimated Percentage of Tobacco Use in the Past 30 Days, by Product and School, 2019
High School Students

a

Unweighted, No.

Weighted % (95% CI)

Unweighted, No.

Weighted % (95% CI)

e-Cigarettesa

2709

27.5 (25.3-29.7)

902

10.5 (9.4-11.8)

Cigarettesb

549

5.8 (4.6-7.3)

190

2.3 (1.8-2.9)

Any tobacco productc

3091

31.2 (29.1-33.5)

1085

12.5 (11.2-13.9)

Past 30-day use of e-cigarettes was determined by asking, “During the past 30
days, on how many days did you use e-cigarettes?” Those who reported using
e-cigarettes on 1 or more days of the past 30 days were considered current
(past 30-day) users. There were 96 respondents (0.51%) missing data on past
30-day e-cigarette use.

smoking cigarettes on 1 or more days of the past 30 days were considered
current (past 30-day) users. There were 37 (0.20%) missing data on past
30-day cigarette smoking.
c

Past 30-day use of cigarettes was determined by asking, “During the past 30
days, on how many days did you smoke cigarettes?” Those who reported

Any tobacco product use was defined as use of any tobacco product
(e-cigarettes, cigarettes, cigars, smokeless tobacco, hookahs, pipe tobacco,
dissolvables, snus, and/or bidis) on 1 or more days in the past 30 days. There
were 13 (0.10%) respondents missing data on past 30-day any tobacco use.

tobacco product. Among middle school students, an estimated 10.5% (95% CI, 9.4%-11.8%) reported current
e-cigarette use and 2.3% (95% CI, 1.8%-2.9%) reported current cigarette smoking. In total, an estimated 12.5% (95% CI,
11.2%-13.9%) of middle school students reported current use
of any tobacco product. Data on current e-cigarette, cigarette, and any tobacco use from 2016 to 2018 can be found in
eTable 1 in the Supplement.
Among current e-cigarette users, an estimated 34.2% (95%
CI, 31.2%-37.3%) of high school students and 18.0% (95% CI,
15.2%-21.2%) of middle school students reported using
e-cigarettes on 20 or more days in the past 30 days (Table 3).
An estimated 21.4% (95% CI, 19.0%-24.0%) of current
e-cigarette users in high school and 8.8% (95% CI, 6.9%11.2%) of users in middle school reported daily e-cigarette use
(data on 2018 frequency of e-cigarette use can be found in
eTable 2 in the Supplement). An estimated 63.6% (95% CI,
59.3%-67.8%) of high school students and 65.4% (95% CI,
60.6%-69.9%) of middle school students reported exclusive
use of e-cigarettes. Among current e-cigarette users, an estimated 13.8% (95% CI, 12.0%-15.9%) of high school users and
16.8% (95% CI, 13.6%-20.7%) of middle school users reported

not having a usual brand of e-cigarettes, and an estimated 59.1%
(95% CI, 54.8%-63.2%) of high school users and 54.1% (95%
CI, 49.1%-59.0%) of middle school users reported JUUL as their
usual e-cigarette brand.
Among high school students, an estimated 72.2% (95%
CI, 69.1%-75.1%) of current exclusive e-cigarette users
reported current use of flavored e-cigarettes. Among middle
school students, an estimated 59.2% (95% CI, 54.8%-63.4%)
of current exclusive e-cigarette users reported current use
of flavored e-cigarettes. The most frequently reported flavor
categories were fruit (high school: 66.1% [95% CI, 62.4%69.5%]; middle school: 67.7% [95% CI, 62.6%-72.5%]), menthol or mint flavor (high school: 57.3% [95% CI, 53.3%61.3%]; middle school: 31.1% [95% CI, 25.6%-37.2%]), and
candy, desserts, or other sweets (high school: 34.9% [95%
CI, 31.3%-38.7%], middle school: 38.3% [95% CI, 32.6%44.2%]). Data on flavored e-cigarette use in 2018 can be
found in eTable 2 in the Supplement. Given the large proportion of JUUL use among youth, differences in the use of
flavored e-cigarettes and specific flavor types used were
examined among JUUL users and compared with those who
reported use of another brand or indicated no usual brand

b
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Table 3. Frequency of Use, Flavored Use, Flavor Types, and Usual Brand Among e-Cigarette Users, 2019
High School Students

Middle School Students

Unweighted,
No.

% (95% CI)

Unweighted,
No.

% (95% CI)

1792

65.8 (62.7-68.8)

749

82.0 (78.8-84.8)

Among Past 30-d e-Cigarette Usersa
Frequency of e-cigarette use in the past 30 d
<20 d

917

34.2 (31.2-37.3)

153

18.0 (15.2-21.2)

Daily e-cigarette useb

≥20 d

564

21.4 (19.0-24.0)

80

8.8 (6.9-11.2)

Exclusive e-cigarette use

1740

63.6 (59.3-67.8)

612

65.4 (60.6-69.9)

No usual brand

383

13.8 (12.0-15.9)

138

16.8 (13.6-20.7)

JUUL

1520

59.1 (54.8-63.2)

496

54.1 (49.1-59.0)

SMOK

205

7.8 (6.0-10.1)

40

4.1 (2.7-6.1)

Suorin

110

3.1 (2.1-4.5)

NAd

NAd

blu

77

2.6 (1.9-3.6)

32

4.0 (2.4-6.6)

Usual brandc

Vuse

56

2.1 (1.4-3.1)

43

4.6 (3.0-7.0)

NJOY

32

1.2 (0.7-2.1)

NAd

NAd

Logic

23

0.8 (0.5-1.4)

NAd

NAd

MarkTen

20

0.8 (0.4-1.4)

NAd

NAd

Some other brand

256

8.4 (7.2-10.5)

90

10.5 (8.1-13.5)

e

Among past 30-d Exclusive e-Cigarette Users
Flavored e-cigarette usef
Flavored

1257

72.2 (69.1-75.1)

376

59.2 (54.8-63.4)

Unflavored

440

25.4 (22.5-28.5)

216

38.1 (33.7-42.8)

Unknown

43

2.5 (1.7-3.6)

20

2.7 (1.6-4.5)

Fruit

832

66.1 (62.4-69.5)

248

67.7 (62.6-72.5)

Menthol or mint

703

57.3 (53.3-61.3)

132

31.1 (25.6-37.2)

Candy, desserts, or other sweets

430

34.9 (31.3-38.7)

139

38.3 (32.6-44.2)

Chocolate

26

1.8 (1.2-2.9)

30

8.1 (5.1-12.7)

Alcoholic drink

28

2.3 (1.5-3.5)

14

4.4 (2.5-7.7)

Clove/spice

NAd

NAd

NAd

NAd

Other flavor not listed

112

8.8 (7.2-10.7)

40

9.4 (6.7-13.0)

Flavor types reported usedg

from a list of options to designate the flavored tobacco product they used in
the past 30 days including cigars, cigarillos, or little cigars; chewing tobacco,
snuff, or dip; e-cigarettes; tobacco in a hookah or waterpipe; pipe filled with
tobacco (not waterpipe); snus; dissolvable tobacco products; bidis;
roll-your-own cigarettes; or I did not use any flavored tobacco products in the
past 30 days. Among those who reported past 30-day e-cigarette use, those
who selected e-cigarettes were defined as current flavored e-cigarette users.
Respondents who were past 30-day e-cigarette users and did not select
e-cigarettes or selected I did not use any flavored tobacco products in the past
30 days were classified as unflavored. Respondents missing a response were
classified as unknown.

Abbreviation: NA, not available.
a

Past 30-day use of e-cigarettes was determined by asking, “During the past 30
days, on how many days did you use e-cigarettes?” Current use was defined as
use on 1 or more days in the past 30 days.

b

Daily e-cigarette use is defined as reported use on all 30 of the past 30 days.

c

For 2019, usual brand of e-cigarettes was determined by response to the
question, “During the past 30 days, what brand of e-cigarettes did you usually
use?” Participants could select from a list of options to designate their usual
brand used including I did not use a usual brand, blu, JUUL, Logic, MarkTen,
NJOY, Vuse, or some other brand not listed here (specify). Those who selected
“some other brand not listed here” could specify with a write-in response.
The write-in responses were examined (n = 725) and recoded. Only recoded
responses for SMOK and Suorin were included in this report. There were
38 students (1%) missing brand data.

d

Data are statistically unreliable due to unweighted denominator less than 50
or relative standard error greater than 30%.

e

Exclusive e-cigarette use was defined as use of only e-cigarettes in the
past 30 days.

f

Flavored e-cigarette use was determined by the response to the question,
“Which of the following tobacco products that you used in the past 30 days
were flavored to taste like menthol (mint), alcohol (wine, cognac), candy, fruit,
chocolate, or any other flavors? (Select one or more).” Participants could select

jama.com

g

Among those who used flavored e-cigarettes in the past 30 days, flavor type
was determined by responses to the question, “What flavors of tobacco
products have you used in the past 30 days? (Select one or more).”
Participants could select from a list of options to designate the flavor they had
used including menthol or mint; clove or spice; fruit; chocolate; alcoholic drink
(such as wine, cognac, margarita, or other cocktails); candy, desserts, or other
sweets; or some other flavor not listed here (specify). Respondents could
select 1 or more of the 7 prespecified flavors. Those who indicated some other
flavor not listed here could specify with a write-in response; the qualitative
assessment of these responses (n = 358) is not included in this report.
Those who did not select any of the prespecified flavors were set to missing.
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Figure. Flavor Types Reported Among Current Exclusive e-Cigarette Users Who Reported Flavored e-Cigarette Use, 2016-2019
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The error bars indicate 95% CIs. Data are statistically unreliable due to
unweighted denominator less than 50 or relative standard error greater
than 30%. Among high school students, estimates of chocolate (2016-2017),
alcohol (2016-2018), and clove/spice (2016-2019) were suppressed.
Among middle school students, estimates of chocolate (2016-2018),
alcohol (2016-2018), clove/spice (2016-2019), and other (2016-2017)
were suppressed.
Among past 30-day flavored e-cigarette users, flavor type was determined by
responses to the question, “What flavors of tobacco products have you used in
the past 30 days? (Select one or more).” Participants could select from a list of
options to designate the flavor they had used including menthol or mint; clove
or spice; fruit; chocolate; alcoholic drink (such as wine, cognac, margarita, or
other cocktails); candy, desserts, or other sweets; or some other flavor not
listed here (specify). Respondents could select 1 or more of the 7 prespecified
flavors. Those who indicated “some other flavor not listed here” could specify
with a write-in response; the qualitative assessment of these responses
(n = 358) is not included in this report. Those who did not select any of the
prespecified flavors were set to missing.
Past 30-day use of e-cigarettes was determined by asking, “During the past 30
days, on how many days did you use e-cigarettes?” Current use was defined use
on 1 or more days in the past 30 days.

(eTable 3 in the Supplement). In sensitivity analyses recoding the 358 “other” flavor write-in responses, small
increases in reported use of fruit and candy, desserts, and
other sweet flavors were observed. However, the overall
patterns did not change and the percentage of current users
of fruit- and menthol- or mint-flavored e-cigarettes
remained similar.
Sample sizes (overall response rates) for 2016, 2017, and
2018, were 20 675 (71.2%), 17 872 (68.1%), and 20 189 (68.2%),
respectively.11 From 2016 to 2019, there were significant
changes in the reported flavor types used by current exclusive e-cigarette users in high school (Figure, A; eTable 4 in
the Supplement). Current use of menthol- or mint-flavored
e-cigarettes increased among current exclusive e-cigarette
users in high school from 16.0% (95% CI, 9.8%-25.0%) in 2016
to 57.3% (95% CI, 53.3%-61.3%) in 2019 (annual percentage
change = 55.2% [95% CI, 37.4%-75.2%]; P = .004). Current use
of candy-, dessert-, and other sweet–flavored e-cigarettes
decreased from 54.1% (95% CI, 46.0%-62.0%) in 2016 to 34.9%
(95% CI, 31.3%-38.7 %) in 2019 (annual percentage
change = −13.3% [95% CI, −18.4% to −8.0%]; P = .009), and
E6

2019

Exclusive electronic cigarette use was defined as use of only e-cigarettes
in the past 30 days.
Flavored e-cigarette use was determined by the response to the question, “Which
of the following tobacco products that you used in the past 30 days were flavored
to taste like menthol (mint), alcohol (wine, cognac), candy, fruit, chocolate, or any
other flavors? (Select one or more).” Participants could select from a list of options
to designate the flavored tobacco product they used in the past 30 days including
cigars, cigarillos, or little cigars; chewing tobacco, snuff, or dip; e-cigarettes;
tobacco in a hookah or waterpipe; pipe filled with tobacco (not waterpipe); snus;
dissolvable tobacco products; bidis; roll-your-own cigarettes; or I did not use any
flavored tobacco products in the past 30 days. Among those who reported past
30-day e-cigarette use, those who selected e-cigarettes were defined as current
flavored e-cigarette users. Respondents who were past 30-day e-cigarette users
and did not select e-cigarettes or selected I did not use any flavored tobacco
products in the past 30 days were classified as unflavored. Respondents missing
a response were classified as unknown.
Between 2018 and 2019, the National Youth Tobacco Survey changed from
paper and pencil to electronic administration. Please see the Methods section
for a complete description of changes. Although direct comparisons between
2018 and 2019 are not conducted, trends using multiple years of data are not
as affected by the mode change.

use of fruit-flavored e-cigarettes did not significantly change
(P > .05). No significant trends in the use of menthol- or mint-,
candy-, or fruit-flavored e-cigarettes were observed among
current exclusive e-cigarette users in middle school (Figure,
B; eTable 4 in the Supplement).

Discussion
In 2019, the prevalence of self-reported current e-cigarette use
was high among US high school and middle school students,
while self-reported current cigarette smoking among high
school students has declined to historic lows.2 With the assumption that the prevalence estimates from this survey are
nationally representative and could be used to project to national population totals for US high school and middle school
students, the data would suggest that in 2019, an estimated
4.1 million high school students and 1.2 million middle school
students currently use e-cigarettes, an estimated 1.6 million
students reported frequent use of e-cigarettes, an estimated
970 000 students use e-cigarettes daily, and an estimated
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2.4 million exclusive e-c igarette users use flavored
e-cigarettes. The data also would suggest that among these
exclusive e-cigarette users, an estimated 1.6 million high school
and middle school students use fruit-flavored e-cigarettes,
an estimated 1.2 million use menthol- or mint-flavored
e-cigarettes, and an estimated 830 000 use candy-, dessert-,
or other sweet–flavored e-cigarettes.
The results of this survey are particularly concerning
given relatively high exposure to nicotine through the use of
nicotine salt–based e-cigarette products such as JUUL, 15
which was the most commonly reported brand among youth
using e-cigarettes in 2019. Nicotine salts allow particularly
high levels of nicotine to be inhaled more easily, with less
irritation than the free-base nicotine that has traditionally
been used in tobacco products including e-cigarettes.6 For
young people, this is of particular concern because it could
promote the development of nicotine dependence, making it
easier to initiate and proceed to regular e-cigarette use or
transition to cigarette or other combustible tobacco product
use.6 Furthermore, the aerosol that users inhale and exhale
from e-cigarettes can potentially expose themselves and
bystanders to other harmful substances including heavy metals, volatile organic compounds, and ultrafine particles that
can be inhaled deeply into the lungs.5,6
This is, to our knowledge, the first national study to
show the increasing popularity of menthol- and mintflavored e-cigarettes among youth. In this study, the 2016 data
showed that menthol or mint flavors were selected much less
frequently than fruit- or candy-flavored e-cigarettes by high
school students. This is consistent with findings from the
Population Assessment of Tobacco and Health Study (20142015, wave 2), which found that mint- and menthol-flavored
e-cigarettes were the fourth most popular flavor among youth
aged 12 to 17 years.16 Additionally, another study conducted
in 2014-2015 found that among youth aged 12 to 17 years, mint/
menthol (24%) was ranked the fourth most popular flavor, behind fruit (76%), candy/other sweets (57%), and other (46%).17
However, the current study found a significant increase in
reported use of menthol- or mint-flavored e-cigarettes among
high school students between 2016 and 2019 to levels near that
of fruit-flavored e-cigarettes.
In November 2018, the Food and Drug Administration
announced several new steps to protect youth, including
restricting sales of flavored e-cigarettes (other than tobacco,
menthol, mint, or nonflavored) to physical locations with
age restrictions or online with heightened age-verification
procedures.18 After that announcement, certain manufacturers announced they would stop selling flavored e-cigarettes,
except for mint/menthol.19,20 However, after the announcement, stores could sell any remaining stock of flavored products from these manufacturers; moreover, mint-, menthol-,
and tobacco-flavored products continued to be available in
retail stores.20 Additionally, flavored pods, in particular,
were still available online20 and youth could use compatible
nonbranded flavored pods in their devices, consistent with
recent reports showing increases in sales of these compatible
pods in fruit flavors.21 While data collection for the 2019
NYTS occurred after the announcement by certain manufacjama.com
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turers, supplemental analyses from the 2019 survey showed
that most youth users were using flavored e-cigarettes in the
spring of 2019, most of whom reported using mint or menthol flavors. The shift in the availability of e-cigarette flavors, due in part to the removal of flavors other than mint or
menthol by certain manufacturers, may partially explain the
increase in use of menthol- or mint-flavored e-cigarettes
over time in this study. However, use of fruit-flavored
e-cigarettes remains high among e-cigarette users in both
high school and middle school.
Usual brand of e-cigarette used was first assessed in the
2019 survey. Most youth who were current e-cigarette users reported JUUL as their usual e-cigarette brand in 2019; the next
most frequent response was “no usual brand.” This mirrors
trends in retail sales data showing that JUUL has held the majority of the market share of US e-cigarette sales since December 2017.4,22 In the past year, public awareness of JUUL use
by youth has expanded due to coverage in the popular
media23-25 and public health messaging6 focused on the risks
of e-cigarette use among youth. Estimates for JUUL use from
the 2019 survey are based on a measure asking about usual
brand used during the past 30 days. This question may underestimate use if casual users do not identify JUUL as their usual
brand. Conversely, as the term “Juuling” has become synonymous for “vaping” for some youth,26 youth users may believe
they are using a JUUL device when they are actually using a device or pod that mimics this brand. Furthermore, youth users
may incorrectly identify using JUUL due to brand recognition
alone, which could result in an overestimation of use.27

Limitations
This study has several limitations. First, several improvements were made to the NYTS in 2019, including switching
from a paper-and-pencil to an electronic survey administration, adding skip patterns and unbranded example product
images, and updating brand examples to reflect the current
tobacco marketplace. Although brand examples in the survey are added or removed as needed to account for changes
in the current tobacco product market share, the rapid increase in JUUL use before 20194,20 and subsequent inclusion
as a brand example in 2019 may limit the comparability of
e-cigarette and overall tobacco product use estimates with previous years. As the exact magnitude of the effect of these survey improvements in 2019 cannot be fully quantified, direct
statistical comparisons of tobacco product use estimates between 2019 and previous years were not conducted. However, trend analyses of flavor types used during 2016 to 2019
were conducted; this analysis uses more data points and is thus
less dependent on methods changes during a single year.
Second, for the survey measure assessing flavor types
used, response options allowed respondents to check all
that apply, rather than a forced-choice option, which may yield
different results.
Third, information on flavor types used for individual
tobacco products cannot be determined for youth who
report using multiple flavored tobacco products. Therefore,
data on flavor types used were only reported among current
exclusive e-cigarette users for the current analysis, which
(Reprinted) JAMA Published online November 5, 2019
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account for approximately two-thirds of all current
e-cigarette users.
Fourth, the response rate was 66.3% and there may be
differences in tobacco use between those who participated
in the survey and those who did not.
Fifth, data were collected from youth who attended public or private school; therefore, the findings may not be generalizable to youth who are homeschooled, have dropped
out of school, or are in detention centers. However, data
from the Current Population Survey indicate that nearly 97%
of US youth aged 10 to 17 years were enrolled in a traditional
school in 2017.28
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