
Preventive Medicine Reports 29 (2022) 101925

Available online 22 July 2022
2211-3355/© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

E-cigarette use among high school students in the United States prior to the 
COVID-19 pandemic: Trends, correlates, and sources of acquisition 

Mohammadhassan Mirbolouk a,1, Ellen Boakye b,c,1, Olufunmilayo Obisesan d, Albert D. Osei d, 
Omar Dzaye b, Ngozi Osuji b, John Erhabor b,c, Andrew C. Stokes c,e, Omar El-Shahawy c,f, 
Carlos J. Rodriguez c,g, Glenn A. Hirsch c,h, Emelia J. Benjamin c,i,j, Andrew P. DeFilippis c,k, 
Rose Marie Robertson c,k, Aruni Bhatnagar c,l, Michael J. Blaha b,c,* 

a Department of Internal Medicine, Yale School of Medicine, New Haven, CT, USA 
b Johns Hopkins Ciccarone Center for the Prevention of Cardiovascular Disease, Baltimore, MD, USA 
c The American Heart Association Tobacco Regulation and Addiction Center, Dallas, TX, USA 
d Department of Medicine, MedStar Union Memorial Hospital, Baltimore, MD, USA 
e Department of Global Health, Boston University School of Public Health, Boston, MA, USA 
f Department of Population Health, New York University School of Medicine, New York, NY, USA 
g Division of Cardiovascular Medicine, Albert Einstein College of Medicine, Bronx, NY, USA 
h Division of Cardiology, Department of Medicine, National Jewish Health, Denver, CO, USA 
i Cardiovascular Medicine, Boston University School of Medicine, Boston, MA, USA 
j Department of Epidemiology, Boston University School of Public Health, Boston, MA, USA 
k Department of Medicine, Vanderbilt University Medical Center, Nashville, TN, USA 
l University of Louisville School of Medicine, Louisville, KY, USA   

A R T I C L E  I N F O   

Keywords: 
Electronic Cigarettes 
Vaping 
High school Students 
Trends 
Psychosocial Stress 

A B S T R A C T   

Detailed description of the prevalence and sources of e-cigarettes among youth is needed to inform effective 
regulatory policies. We used the Youth Risk Behavior Surveillance System data (2015–2019) to assess trends in 
current (past-30-day-use) and frequent (≥10 days in past-30-days) e-cigarette use among United States high 
schoolers before the COVID-19 pandemic. First, we assessed trends overall and then stratified by participants’ 
sociodemographic characteristics, use of other tobacco products, and experiences of psychosocial stress. We also 
evaluated past year quit attempts and the changing sources of e-cigarettes. 

Our sample size was 41,021 (15,356–2015; 12,873–2017; 12,792–2019). The prevalence of current e-cigarette 
use increased from 24.0% (95%CI:21.9%–26.3%) in 2015 to 32.7% (30.4%–35.1%) in 2019. The proportion of 
current users who reported frequent use also increased significantly from 22.6% (20.4%–24.8%) to 45.4% 
(42.7%–48.2%). Thus, an increasing proportion of US high school students who use e-cigarettes reported 
frequent use, indicating greater nicotine dependence. The increase in current and frequent e-cigarette use was 
more pronounced in youth who reported other substance use and psychosocial stressors such as bullying. Be-
tween 2017 and 2019, there was a decline in the proportion of youth who bought e-cigarettes online (6.9% to 
3.2%) or from convenience stores (22.0% to 16.6%). Conversely, there was an increase in the proportion who 
borrowed (34.5% to 40.1%) or purchased e-cigarettes through other people (10.7% to 18.0%), indicating that 
most youth are evading age-related restrictions by obtaining e-cigarettes from other people. Finally, a consid-
erable proportion of youth tobacco users are making quit attempts; 47.6% (45.1%–50.1%) in 2019.  
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1. Introduction 

The popularity of electronic vaping products (hereafter referred to as 
e-cigarettes) has surged among adolescents since their introduction into 
the United States (US) market in the mid-2000 s (U.S. Department of 
Health and Human Services, 2016a). In 2016, the US Food and Drug 
Administration (FDA) finalized the “Deeming Rule” and extended its 
regulatory authority to e-cigarettes (Food and Drug Administration, 
2016). Under the deeming rule, the FDA has the power to regulate e- 
cigarettes as tobacco products, including the implementation of age- 
related restrictions on their sales (Food and Drug Administration, 
2016). However, despite these regulatory efforts, e-cigarette use 
continued to increase among adolescents and young adults (Miech et al., 
2019). 

More recent studies have shown a declining prevalence of e-cigarette 
use among US middle and high school students (Park-Lee et al., 2021; 
Wang et al., 2020). Despite this decline, e-cigarettes remain the most 
popular tobacco product among youth, with a significant proportion of 
youth still reporting their use (Gentzke et al., 2020). The availability of 
easily concealable devices such as the pod-mod e-cigarettes and youth- 
targeted advertisements by e-cigarette companies such as JUUL may 
be fueling this observation (U.S. Department of Health and Human 
Services, 2016b). In addition, disposable e-cigarettes such as puffbar, 
which were initially excluded from the federal flavor ban, are becoming 
more popular and may be sustaining the e-cigarette epidemic among 
youth (Dai and Hao, 2022; Food and Drugs Administration, 2020; Wang 
et al., 2021). 

The 2019 e-cigarette or vaping product use-associated lung injury 
(EVALI) epidemic, reported mostly among youth and young adults (52 
% of all cases) and linked to vaping tetrahydrocannabinol (THC) and 
vitamin E acetate, an additive used in THC-containing e-liquids, has 
fueled renewed concerns about e-cigarette use among youth (Centers for 
Disease Control and Prevention, 2020). Also, some recent studies have 
shown that a considerable proportion of youth who vape are making e- 
cigarette cessation attempts, hence the need to explore this further (Dai, 
2021; Smith et al., 2021). Prevention of e-cigarette initiation, coupled 
with age-appropriate evidence-based e-cigarette cessation strategies, 
may help reduce e-cigarette use among the youth (Substance Abuse and 
Mental Health Services Administration (SAMHSA), n.d.). However, to 
develop effective preventive initiatives, it is essential to understand the 
distribution of e-cigarette use, consider the determinants of use, such as 
psychosocial stress and social influence, and the sources from where 
youth obtain e-cigarettes. By delineating the patterns of e-cigarette use, 
factors that increase susceptibility to use, and the changing sources of e- 
cigarettes, our findings could help inform regulatory policies to reduce 
youth e-cigarette use further. We hypothesized that frequent e-cigarette 
use, which depicts more nicotine dependence, would be increasing 
among youth. Additionally, the sources of e-cigarette acquisition among 
youth may be changing, necessitating the need for continued 
surveillance. 

Therefore, using 2015, 2017, and 2019 (most recent survey cycle) 
data from one of the most extensive nationally representative health 
surveys—the Youth Risk Behavior Surveillance System (YRBSS) - we 
examined trends in current and frequent e-cigarette use prevalence 
among US high school students before the COVID-19 pandemic. We 
assessed these trends first overall and then stratified by participants’ 
sociodemographic characteristics, use of other tobacco products, and 
experiences of psychosocial stress. Finally, we also evaluated quit at-
tempts and described for the first time how the modes of e-cigarette 
acquisition have changed over the last few years. 

2. Materials and methods 

2.1. Data source and study design 

To describe the trends in e-cigarette use among US high school 

students, we analyzed 2015, 2017, and 2019 national YRBSS data. 
Detailed information about the methodology of the YRBSS is provided 
elsewhere (Frieden et al., 2013). In brief, the YRBSS is a school-based 
biennial survey that uses a 3-stage cluster sampling design to obtain a 
nationally representative sample of high school students in the 9th to 
12th grades of public and private schools in all 50 states and the District 
of Columbia (Frieden et al., 2013). The survey response rate averaged 
60 % in all three survey years under consideration (Frieden et al., 2016; 
Redfield et al., 2017; Underwood et al., 2020). Our study was exempted 
from review by an institutional review board since it uses publicly 
available deidentified YRBSS data. 

The YRBSS started collecting data on e-cigarette use in 2015. Of the 
15,627, 14,765, and 13,677 students who participated in the 2015, 
2017, and 2019 national surveys, respectively, we included data from 
15,356, 12,873, and 12,792 students who provided information on 
current e-cigarette use. Therefore, our sample size corresponds to 
approximately 93 % of the 2015–2019 dataset. 

2.2. Assessment of e-Cigarette, combustible Cigarette, and other tobacco 
product use 

Current e-cigarette use was assessed with the questions, “During the 
past 30 days, on how many days did you use an electronic vapor product?”. 
Participants who reported using e-cigarettes at least one day in the past 
30 days were classified as current users. Current users who reported 
using e-cigarettes on ≥ 10 days were deemed frequent users as in pre-
vious studies (Han et al., 2020; Chan et al., 2022; Lee et al., 2017; 
McCabe et al., 2017). More frequent e-cigarette use was defined as use of 
e-cigarette on ≥ 20 days in the past 30-days. 

Similarly, we categorized combustible cigarette use as never, former, 
and current based on answers to the questions “Have you ever tried 
cigarette smoking, even one or two puffs?” and “During the past 30 days, on 
how many days did you smoke cigarettes?” Current use of other tobacco 
products was assessed with the questions, “During the past 30 days, on 
how many days did you use chewing tobacco, snuff, dip, snus, or dissolvable 
tobacco products, such as Copenhagen, Grizzly, Skoal, or Camel Snus?” and 
“During the past 30 days, on how many days did you smoke cigars, cigarillos, 
or little cigars?”. Participants who reported using these products on at 
least one day in the past 30 days were considered current users of those 
products. 

A past-year attempt at quitting all tobacco products was assessed in 
the 2017 and 2019 surveys with the question, “During the past 12 months, 
did you ever try to quit using all tobacco products, including cigarettes, cigars, 
smokeless tobacco, shisha, or hookah tobacco, and electronic vapor 
products?”. 

2.3. Sources of e-Cigarettes among current E-cigarette users 

In 2017 and 2019, the sources of e-cigarettes among current e- 
cigarette users were assessed with the question, “During the past 30 days, 
how did you usually get your electronic vapor products?” Answer choices 
included “I bought them in a store such as a convenience store/supermarket/ 
discount store/gas station/vape store”, “I got them on the Internet”, “I gave 
someone else money to buy them for me”, “I borrowed them from someone 
else”, “A person who can legally buy these products gave them to me”, “I 
took them from a store or another person”, and “other”. 

2.4. Other study measures 

Participant characteristics considered in our analyses included age, 
sex (male, female), grade (9th, 10th, 11th, 12th), sexual orientation 
(heterosexual, gay/lesbian, bisexual, not sure), and race/ethnicity 
(American Indian/Alaskan Native/Native Hawaiian/Pacific Islander, 
Asian, non-Hispanic Black/African American, non-Hispanic White, 
Hispanic, Multi-racial). Body mass index (BMI) was calculated from self- 
reported weight and height and categorized as underweight, normal 
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weight, overweight, or obese based on age-sex percentiles. Participants 
reported involvement in behaviors that contribute to physical harm, and 
experiences leading to emotional stress were also included. These 
included sexual assault or rape, physical fights, traditional and cyber-
bullying, threatened or injured with a weapon, consideration of suicide, 
marijuana use, and alcohol use. 

2.5. Statistical analysis 

The weighted prevalence estimates of current and frequent e-ciga-
rette use were calculated for each year, first for the entire group, then 
after stratification by participants’ sociodemographic characteristics, 
use of other tobacco products, and reported psychosocial stressors. We 
additionally examined trends in more frequent e-cigarette use (≥20 days 
in the past 30 days). The weighted prevalence estimate of current e- 
cigarette use for each year was extrapolated to the population of stu-
dents enrolled in US high schools (public and private) in that year (US 
Census Bureau, 2015, 2018, 2019). The absolute differences (with 95 % 
confidence intervals) in the prevalence of current and frequent e-ciga-
rette use between the years were estimated using the “lincom” command 
in Stata. 

Changes in the sources of e-cigarettes between 2017 and 2019 were 
examined by estimating the weighted proportion of respondents who 
obtained their devices from the sources explored (convenience/vape 
shop, internet, borrowing, purchasing through others, etc.). Using 
combined 2017 and 2019 data and cross-sectional multivariable logistic 
regression models, restricting our sample to youth aged < 18 years, we 
examined the factors associated with underage (<18 years) purchasing 
of e-cigarettes online or from convenience/vape stores and the factors 
related to borrowing or purchasing e-cigarettes through others. 

All analyses were performed using Stata version 16 (StataCorp, 
College Station, TX), and the survey command “svy” command was used 
to account for the complex survey design of the YRBSS. We considered a 
two-sided alpha (α) of < 0.05 statistically significant for analyses with 
significance testing. 

3. Results 

3.1. Trends in the prevalence of E-cigarette use 

The weighted prevalence of current e-cigarette use was 24.0 % (95 % 
CI, 21.9 %–26.3 %) in 2015, 13.2 % (11.5 %–15.1 %) in 2017, and 32.7 
% (30.4 %–35.1 %) in 2019. These correspond to approximately 3.97 
million, 2.22 million, and 5.36 million high school students in 2015, 
2017, and 2019, respectively. The weighted prevalence of frequent e- 
cigarette use decreased from 5.4 % (4.7 %–6.4 %) in 2015 to 4.9 % (4.0 
%–6.0 %) in 2017 before markedly increasing to 14.9 % (13.3 %–16.7 
%) in 2019. Correspondingly, there was a persistent and steep increase 
in the proportion of current users who used e-cigarettes frequently: 22.6 
% (20.4 %–24.8 %) in 2015, to 37.1 % (32.6 %–41.9 %) in 2017, and 
45.4 % (42.7 %–48.2 %) in 2019 (Fig. 1). When defined as e-cigarette 
use in ≥ 20 days in the past 30-days, the prevalence of more frequent e- 
cigarette increased from 3.0 % (2.4 % – 3.6 %) in 2015, to 3.3 % (2.6 – 
4.2 %) in 2017, and 10.7 % (9.4 % – 12.1 %) in 2019. Likewise, the 
proportion of current users who reported more frequent use increased: 
12.3 % (10.6 % – 14.2 %) in 2015; 25.1 % (21.3 % – 29.5 %) in 2017; 
32.6 % (30.0 % – 35.2 %) in 2019 (Supplementary Fig. 1). 

The increased prevalence of current e-cigarette use between 2015 
and 2019 was observed across various sociodemographic subgroups, 
with the most pronounced increase seen among females (22.5 % to 33.4 
%), 12th graders (28.1 % to 40.3 %), and American Indian/Alaskan 
Native/Native Hawaiian/Pacific Islander (29.3 % to 44.4 %) and White 
youth (25.0 % to 38.2 %) (Table 1). The prevalence of current e-cigarette 
use also increased markedly among youth who were former (35.9 % to 
56.7 %) or current (69.8 % to 89.1 %) combustible cigarette smokers 
and current users of smokeless tobacco (66.4 % to 87.1 %), cigars/ 
cigarillos/little cigars (67.4 % to 88.3 %), alcohol (34.2 % to 70.8 %), or 
marijuana (57.8 % to 78.9 %) (Table 2). The increased prevalence of 
current e-cigarette use was not only seen among current and former 
combustible cigarette smokers but also among never combustible ciga-
rette smokers (12.2 % to 23.1 %) (Table 2). Even more striking is the 
464 % relative increase in the prevalence of frequent e-cigarette use 
among never combustible cigarette smokers (1.4 % to 7.9 %) 

Fig. 1. Weighted Prevalence (95% Confidence Intervals) of E-Cigarette Use among High School Students in the United States, Youth Risk Behavior Surveillance 
System 2015, 2017, 2019. 
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(Supplementary Table 2). 
Among respondents who reported current use of at least one tobacco 

product, the prevalence of current e-cigarette use was 79.1 % (75.5 
%-82.4 %) in 2015, remained relatively stable at 73.6 % (68.7 %-78.0 
%) in 2017, but significantly increased to 96.6 % (95.5 %-97.5 %) in 
2019 (Supplementary Fig. 2). We present the trends in frequent e- 
cigarette use prevalence from 2015 to 2019 stratified by respondents’ 
characteristics in Supplementary Tables 1-3. 

3.2. Trends in use of other tobacco products and past year quit attempts 

Between 2015 and 2019, current use prevalence of other tobacco 
products significantly decreased. Current combustible cigarette use 
decreased from 10.8 % (9.0 %–12.4 %) to 5.9 % (4.8 %–7.1 %). Simi-
larly, the prevalence of chewing tobacco and cigars decreased from 7.3 
% (6.0 %–8.9 %) to 3.8 % (3.2 %–4.6 %) and 10.3 % (9.0 %–11.8 %) to 
5.7 % (4.8 %–6.7 %), respectively (Fig. 2). 

In 2017 and 2019, approximately 41.4 % (39.0 %–43.9 %) and 47.6 

Table 1 
Trends in the weighted prevalence estimates of current e-cigarette use among high school students stratified by participant sociodemographic characteristics, Youth 
Risk Behavior Surveillance System 2015, 2017, 2019*.  

Characteristic Weighted Prevalence (95 % Confidence Intervals), % Absolute Prevalence Difference 

2015 2017 2019 2017 vs 2015 2019 vs 2017 2019 vs 2015 

Current e-cigarette users/Participants, No. 3899/15356 1666/12873 4109/12792    
Overall 24.0 (21.9 – 

26.3) 
13.2 (11.5 – 
15.1) 

32.7 (30.4 – 
35.1) 

− 10.8 (-13.6 - 
− 8.0) 

19.5 
(16.4–22.6) 

8.7 (5.4–12.0) 

Age, years 
12 – 14 17.5 (14.8 – 

20.6) 
8.3 (6.3 – 10.9) 25.5 (22.7 – 

28.6) 
− 9.2 (-12.9 - − 5.5) 17.2 

(13.5–21.0) 
8.0 (4.0–12.1) 

15 21.1 (18.8 – 
23.7) 

9.9 (8.0 – 12.3) 26.0 (23.8 – 
28.4) 

− 11.2 (-14.5 - 
− 7.9) 

16.1 
(12.9–19.3) 

4.9 (1.5–8.4) 

16 23.5 (21.2 – 
26.1) 

12.7 (10.7 – 
15.0) 

34.0 (30.2 – 
38.0) 

− 10.9 (-14.1 - 
− 7.6) 

21.3 
(16.8–25.9) 

10.5 (5.8–15.1) 

17 27.4 (24.5 – 
30.4) 

14.8 (12.3 – 
17.7) 

36.4 (33.0 – 
40.0) 

− 12.5 (-16.4 - 
− 8.6) 

21.6 
(17.1–26.2) 

9.1 (4.3–13.8) 

≥18 29.0 (24.9 – 
33.5) 

21.5 (18.9 – 
24.5) 

42.6 (38.6 – 
46.7) 

− 7.5 (-12.7 - − 2.3) 21.0 
(16.0–26.1) 

13.5 (7.6–19.5) 

Sex 
Female 22.5 (20.4 – 

24.8) 
10.5 (8.8 – 
12.5) 

33.4 (30.7 – 
36.3) 

− 12.0 (-14.8 - 
− 9.1) 

22.9 
(19.4–26.3) 

10.9 (7.2–14.6) 

Male 25.5 (22.8 – 
28.4) 

15.8 (13.8 – 
18.0) 

31.9 (29.4 – 
34.5) 

− 9.7 (-13.2 - − 6.1) 16.1 
(12.7–19.4) 

6.4 (2.6–10.3) 

Grade 
9th 19.5 (17.1 – 

22.1) 
9.5 (7.7 – 11.7) 25.0 (22.7 – 

27.4) 
− 10.0 (-13.3 - 
− 6.8) 

15.5 
(12.3–18.6) 

5.4 (1.9–8.9) 

10th 23.2 (20.3 – 
26.3) 

11.3 (9.5 – 
13.4) 

30.4 (27.2 – 
33.8) 

− 11.8 (-15.5 - 
− 8.2) 

19.1 
(15.2–23.0) 

7.3 (2.7–11.8) 

11th 25.8 (22.9 – 
28.9) 

14.0 (11.5 – 
17.0) 

35.9 (31.9 – 
40.1) 

− 11.7 (-15.7 - 
− 7.7) 

21.9 
(16.8–26.9) 

10.2 (4.9–15.4) 

12th 28.1 (25.0 – 
31.5) 

18.2 (15.8 – 
20.9) 

40.3 (37.2 – 
43.5) 

− 9.9 (-14.1 - − 5.7) 22.1 
(17.9–26.2) 

12.2 (7.6–16.8) 

Sexual orientation 
Heterosexual 23.3 (21.0 – 

25.8) 
13.1 (11.5 – 
15.0) 

32.8 (30.2 – 
35.4) 

− 10.2 (-13.1 - 
− 7.2) 

19.6 
(16.4–22.9) 

9.5 (5.8–13.1) 

Gay/lesbian 26.0 (20.7 – 
32.1) 

14.5 (10.5 – 
19.7) 

32.6 (25.6 – 
40.6) 

− 11.5 (-18.8 - 
− 4.3) 

18.1 (9.3–27.0) 6.6 (-2.9–16.2) 

Bisexual 29.7 (25.8 – 
34.0) 

18.5 (15.0 – 
22.6) 

34.5 (30.6 – 
38.7) 

− 11.3 (-16.8 - 
− 5.8) 

16.1 
(10.4–21.7) 

4.8 (-1.0–10.6) 

Not sure 26.2 (20.9 – 
32.4) 

10.8 (7.2 – 
15.9) 

24.8 (20.0 – 
30.5) 

− 15.5 (–22.9 - 
− 8.0) 

14.0 (7.0–21.1) − 0.01.4 
(-9.3–6.5) 

Race/Ethnicity 
American Indian/Alaskan Native/Native Hawaiian/ 

Pacific Islander 
29.3 (20.8 – 
39.7) 

16.3 (8.5 – 
29.2) 

44.4 (35.7 – 
53.5) 

− 13.0 (-27.1–1.1) 28.1 
(14.5–41.7) 

15.1 (1.8–28.3) 

Asian 14.5 (10.5 – 
19.7) 

3.7 (2.4 – 5.5) 13.0 (9.7 – 
17.1) 

− 10.8 (-15.6 - 
− 6.0) 

9.3 (5.3–13.3) − 1.5 (-7.5–4.5) 

African American 18.0 (14.8 – 
21.7) 

8.5 (6.2 – 11.4) 19.6 (16.0 – 
23.7) 

− 9.5 (-13.7 - − 5.3) 11.1 (6.5–15.8) 1.6 (-3.8–7.1) 

White 25.0 (22.0 – 
28.3) 

15.6 (13.2 – 
18.2) 

38.2 (36.0 – 
40.5) 

− 9.5 (-13.5 - − 5.4) 22.7 
(19.3–26.1) 

13.2 (9.3–17.1) 

Hispanic 24.8 (21.2 – 
28.9) 

10.4 (7.3 – 
14.8) 

27.7 (23.7 – 
32.1) 

− 14.4 (-19.4 - 
− 9.4) 

17.3 
(11.7–22.8) 

2.9 (-3.0–8.7) 

Multi-Racial 26.9 (24.5 – 
29.4) 

12.4 (10.3 – 
14.8) 

33.1 (29.6 – 
36.8) 

− 14.5 (-17.9 - 
− 11.2) 

20.7 
(16.2–25.2) 

6.2 (1.8–10.6) 

BMI 
Underweight 19.8 (15.0 – 

25.7) 
11.7 (8.1 – 
16.4) 

24.9 (18.5 – 
32.6) 

− 8.2 (-14.8 - − 1.5) 13.2 (5.1–21.4) 5.1 (-3.9–14.1) 

Normal Weight 23.2 (20.8 – 
25.8) 

12.7 (11.0 – 
14.7) 

33.3 (30.8 – 
35.9) 

− 10.4 (-13.5 - 
− 7.4) 

20.6 
(17.4–23.8) 

10.2 (6.5–13.8) 

Overweight 27.6 (23.6 – 
32.1) 

13.2 (10.7 – 
16.2) 

34.4 (30.0 – 
39.1) 

− 14.4 (-19.6 - 
− 9.2) 

21.2 
(15.7–26.6) 

6.8 (0.4–13.2) 

Obese 24.5 (21.7 – 
27.5) 

14.5 (12.0 – 
17.4) 

31.0 (27.9 – 
34.3) 

− 10.0 (-13.9 - 
− 6.1) 

16.5 
(12.3–20.8) 

6.5 (2.1–11.0) 

*Values are prevalence estimates presented as percentages (%) with 95% Confidence Intervals (CI). 
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% (45.2 %–50.1 %) of youth who used any tobacco product in the past 
12 months, respectively reported making past year quit attempts. 

3.3. Psychosocial stress and E-cigarette use 

Compared to respondents who did not report psychosocial stressors, 
those who reported being sexually assaulted, threatened, bullied, or 
missing out of school because they felt unsafe had a higher prevalence of 
current and frequent e-cigarette use (Table 3 and Supplementary 
Table 3). For example, about 58.5 % (51.5 % – 65.1 %) of respondents 
who reported ever being sexually assaulted or raped reported current e- 
cigarette use, compared to 31.3 % (29.0 % – 33.7 %) of those who did 
not report sexual assault or rape. Similarly, current e-cigarette use 

prevalence among respondents who experienced cyberbullying was 
50.1 % (46.9 %–53.4 %) compared to 29.4 % (27.1 %–31.8 %) among 
those who did not report cyberbullying (Table 3). The prevalence of 
current e-cigarette use was also higher among respondents who reported 
risky sexual behaviors, including those who had two or more sexual 
partners in the past three months (71.6 % [65.5 % – 77.0 %]) compared 
to those who had not never had sex (19.1 % [17.3 %–21.0 %]). Also, the 
increase in e-cigarette use prevalence between 2015 and 2019 was 
greater among those who reported psychosocial stressors or risky sexual 
behaviors than those who did not (Table 3 and Supplementary 
Table 3). 

Table 2 
Trends in the prevalence of current e-cigarette use among high school students stratified by use of other tobacco products and substances, Youth Risk Behavior 
Surveillance System 2015, 2017, 2019*.  

Characteristic Weighted Prevalence (95 % Confidence Intervals), % Absolute Prevalence Difference 

2015 2017 2019 2017 vs 2015 2019 vs 2017 2019 vs 2015 

Combustible cigarette use 
Never 12.2 (10.6–14.0) 3.5 (2.8–4.3) 23.1 (21.2–25.2) − 8.7 (-10.5 - − 6.9) 19.7 (17.6–21.8) 10.9 (8.3–13.5) 
Former 35.9 (32.7–39.1) 21.1 (17.4 – 25.3) 56.7 (51.6–61.5) − 14.7 (-19.9 - − 9.6) 35.5 (29.1–41.9) 20.8 (14.7–26.9) 
Current 69.8 (65.4–73.9) 69.7 (63.8–75.0) 89.1 (85.3–92.1) − 0.1 (-7.3–7.0) 19.4 (12.9–26.0) 19.3 (13.8–24.8)  

Use of chewing tobacco, snuff, dip, snus, or dissolvable tobacco products in the past 30 days 
No 20.9 (19.0–22.9) 9.8 (8.5–11.4) 30.4 (28.3–32.7) − 11.0 (-13.4 - − 8.6) 20.6 (17.8–23.3) 9.6 (6.6–12.6) 
Yes 66.4 (60.5–71.8) 68.3 (62.2–73.8) 87.1 (80.9–91.5) 1.9 (-6.3–10.1) 18.8 (11.0–26.6) 20.7 (13.0–28.4)  

Use of cigars, cigarillos, or little cigars in the past 30 days 
No 19.2 (17.3–21.2) 8.1 (6.8–9.5) 29.2 (27.1–31.4) − 11.1 (-13.4 - − 8.8) 21.1 (18.5–23.8) 10.0 (7.1–13.0) 
Yes 67.4 (62.5–71.8) 69.9 (65.4–74.1) 88.3 (84.5–91.3) 2.5 (-4.0–9.0) 18.4 (12.9–23.9) 21.0 (15.2–26.7) 
At least one drink of alcohol in the past 30 days 
No 5.9 (4.9–7.1) 3.1 (2.5 – 3.8) 15.5 (14.0–17.2) − 2.8 (-4.1 - − 1.6) 12.5 (10.7–14.2) 9.6 (7.7–11.5) 
Yes 34.2 (31.7–36.9) 37.4 (33.5 – 41.5) 70.8 (67.6–73.8) 3.1 (-1.7–7.9) 33.4 (28.2–38.7) 36.6 (32.4–40.7)  

Use marijuana use in past 30 days 
No 14.5 (12.7 – 16.4) 6.3 (5.1 – 7.7) 19.9 (17.8 – 22.1) − 8.2 (-10.4 - − 5.9) 13.6 (11.1–16.2) 5.5 (2.6–8.4) 
Yes 57.8 (54.2 – 61.3) 43.9 (39.4 – 48.6) 78.9 (75.7 – 81.8) − 13.9 (-19.8 - − 7.9) 35.0 (29.2–40.8) 21.1 (16.1–26.1) 

*Values are prevalence estimates presented as percentages (%) with 95% Confidence Intervals (CI). 

Fig. 2. Weighted Prevalence (95% Confidence Intervals) of Current Use of Different Tobacco Products among High School Students in the United States, Youth Risk 
Behavior Surveillance System 2015, 2017, 2019. 
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3.4. Sources of E-cigarettes 

Between 2017 and 2019, there was a decrease in the proportion of 
current e-cigarette users who purchased e-cigarettes from the internet 
(6.9 % to 3.2 %) or convenience/vape stores (22.0 % to 16.6 %). 
Conversely, there was an increase in the proportion of users who bor-
rowed devices (34.5 % to 40.1 %) or purchased through other people 
(10.7 % to 18.0 %). Of note, a majority of frequent e-cigarette users 
purchased e-cigarettes from convenience/vape stores (26.9 %) or pur-
chased from others (28.8 %), while most occasional e-cigarette users 
borrowed their devices (61.6 %). 

In cross-sectional analyses adjusting for grade and race/ethnicity, 

males (OR:1.88; 95 %CI:1.42–2.49) and current combustible cigarette 
smokers (OR:1.85; 95 %CI:1.35–2.53) had higher odds of underage 
purchasing of e-cigarettes from convenience/vape stores compared to 
females and non-current combustible cigarette smokers, respectively. 
Similarly, males (OR:2.46; 95 %CI:1.57–3.85) and current combustible 
cigarette smokers (OR:1.82; 95 %CI:1.11–2.96) had higher odds of 
purchasing e-cigarettes online compared to females and non-current 
combustible cigarette smokers, respectively (Supplementary Table 4). 

4. Discussion 

Using a large nationally representative sample of US high schoolers, 

Table 3 
Trends in the prevalence of e-cigarette use among high school students stratified by psychosocial factors, Youth Risk Behavior Surveillance System 2015, 2017, 2019.  

Characteristics Weighted Prevalence (95 % Confidence Intervals), % Absolute Prevalence Difference 

2015 2017 2019 2017 vs 2015 2019 vs 2017 2019 vs 2015 

Missing out of school in the past 30 days because of feeling unsafe 
No 23.0 (20.9 – 25.2) 12.2 (10.5–14.2) 31.4 (29.1–33.8) − 10.7 (-13.6 - − 7.9) 19.2 (16.1–22.2) 8.4 (5.1–11.7) 
Yes 42.3 (35.0 – 50.0) 24.2 (20.4–28.6) 48.0 (43.0–53.0) − 18.1 (-26.9 - − 9.3) 23.7 (17.1–30.3) 5.6 (-3.5–14.8)  

Ever been sexually assaulted or raped 
No 22.3 (20.3 – 24.5) 12.1 (10.6–13.8) 31.3 (29.0–33.7) − 10.2 (-12.9 - − 7.5) 19.2 (16.3–22.1) 9.0 (5.7–12.3) 
Yes 45.7 (40.4 – 51.1) 30.4 (26.2–35.0) 58.5 (51.5–65.1) − 15.3 (–22.3 - − 8.2) 28.0 (19.6–36.5) 12.8 (4.0–21.5)  

Threatened or injured with a weapon on school property in the past 12 months 
No 23.0 (20.9 – 25.2) 12.1 (10.5 – 13.9) 30.9 (28.6 – 33.2) − 10.8 (-13.6 - − 8.1) 18.7 (15.8–21.7) 7.9 (4.6–11.2) 
Yes 41.8 (37.3 – 46.6) 31.2 (26.3 – 36.5) 56.3 (52.0 – 60.4) 11.2 (-17.6 - − 3.7) 25.1 (18.4–31.8) 14.4 (8.0–20.8)  

Physical fight in the past 12 months 
No 18.9 (17.0 – 21.0) 8.6 (7.3 – 10.1) 28.2 (26.0–30.5) − 10.3 (-12.7 - − 7.9) 19.6 (16.9–22.3) 9.3 (6.2–12.5) 
Yes 40.9 (37.8 – 44.1) 27.2 (23.9 – 30.9) 50.3 (46.2–54.4) − 13.7 (-18.4 - − 8.9) 23.1 (17.5–28.7) 9.4 (4.2–14.7)  

Bullied on school property in past 12 months 
No 22.6 (20.5–24.8) 12.1 (10.5–13.9) 30.0 (27.5–32.5) − 10.4 (-13.2 - − 7.7) 17.8 (14.7–21.0) 7.4 (4.0–10.8) 
Yes 29.4 (26.3 – 32.8) 17.5 (14.9 – 20.5) 43.5 (40.1 – 46.9) − 11.9 (-16.3 - − 7.6) 26.0 (21.5–30.4) 14.0 (9.2–18.9)  

Cyberbullied in past 12 months 
No 21.8 (19.7–24.0) 11.7 (10.1–13.5) 29.4 (27.1–31.8) − 10.1 (-12.8 - − 7.4) 17.7 (14.7–20.7) 7.6 (4.4–10.8) 
Yes 35.9 (32.5 – 39.5) 22.0 (19.0 – 25.3) 50.1 (46.9 – 53.4) − 13.9 (-18.7 - − 9.1) 28.2 (23.6–32.7) 14.3 (9.3–19.2)  

Seriously consider suicide in the past 12 months 
No 21.6 (19.5–23.8) 11.5 (10.0–13.3) 29.2 (26.9–31.6) − 10.1 (-12.8 - − 7.4) 17.7 (14.7–20.7) 7.7 (4.4–10.9) 
Yes 35.4 (32.3 – 38.6) 21.1 (17.8 – 24.9) 47.6 (44.4 – 50.8) − 14.2 (-19.0 - − 9.5) 26.4 (21.6–31.3) 12.2 (7.6–16.8)  

Number of people with which you had sexual intercourse in the past 3 months 
Never had sex 12.9 (11.5–14.4) 4.9 (4.0 – 5.9) 19.1 (17.3–21.0) − 8.0 (-9.8 - − 6.3) 14.2 (12.2–16.3) 6.2 (3.9–8.6) 
None during the past 3 months 34.2 (31.1 – 37.5) 22.3 (17.9 – 27.4) 49.7 (44.4 – 55.0) − 11.9 (-17.7 - − 6.1) 27.3 (20.2–34.5) 15.4 (9.1–21.7) 
One 36.8 (32.6 – 41.4) 25.3 (22.3 – 28.6) 54.3 (50.5 – 58.0) − 11.5 (-17.0 - − 6.1) 28.9 (23.9–34.0) 17.4 (11.5–23.4) 
Two or more 55.9 (50.5–61.0) 44.0 (37.1 – 51.1) 71.6 (65.5 – 77.0) − 11.8 (-20.8 - − 2.9) 27.6 (18.2–37.0) 15.8 (7.9–23.6)  

Plan about weight 
Lose weight 25.6 (23.3 – 28.1) 12.6 (10.5 – 14.7) 35.1 (32.3–38.1) − 13.1 (-16.3 - − 9.9) 22.7 (19.1–26.3) 9.5 (5.7–13.4) 
Gain weight 27.5 (25.0 – 30.2) 18.4 (15.7 – 21.4) 36.9 (33.2–40.7) − 9.1 (-12.9 - − 5.4) 18.5 (13.7–23.2) 9.3 (4.5–14.2) 
Stay the same 20.7 (18.0 – 23.6) 11.4 (9.4–13.8) 31.0 (27.7–34.6) − 9.3 (-12.7 - − 5.8) 19.6 (15.6–23.7) 10.4 (5.8–15.0) 
No plan 19.2 (16.0 – 23.0) 10.2 (8.0–13.0) 26.5 (23.1–30.1) − 9.0 (-13.3 - − 4.7) 16.2 (11.8–20.7) 7.2 (2.2–12.2)  

Grades in school, mostly 
A 14.1 (11.4–17.2) 7.6 (6.2–9.3) 26.3 (23.6–29.2) − 6.4 (-9.8 - − 3.1) 18.6 (15.4–21.9) 12.2 (8.1–16.3) 
B 25.0 (22.9–27.3) 13.5 (11.3–16.0) 33.9 (31.1–36.8) − 11.6 (-14.8 - − 8.3) 20.4 (16.7–24.2) 8.9 (5.0–12.7) 
C 33.3 (30.9–35.8) 19.1 (15.7–23.0) 41.0 (37.2–44.9) − 14.2 (-18.7 - − 9.8) 21.9 (16.5–27.3) 7.7 (3.0–12.3) 
D or Fs 44.7 (38.1–51.4) 27.2 (22.7–32.2) 51.4 (45.4–57.4) − 17.5 (-25.8 - − 9.3) 24.2 (16.4–32.1) 6.7 (-2.5–15.9) 
Other/ not sure 27.5 (22.5–33.2) 17.8 (13.2–23.5) 31.4 (25.0–38.6) − 9.8 (-16.5 - − 3.1) 13.7 (4.9–22.4) 3.9 (-4.9–12.7)  

Level of English speaking 
Not well or not very well 33.8 (23.9–45.4) 22.9 (14.8 – 33.9) 39.0 (28.8–50.3) − 10.9 (-25.4–3.6) 16.1 (1.2–30.9) 5.2 (-10.5–20.9) 
very well or well 24.0 (21.7–26.4) 12.9 (11.1–14.9) 33.4 (30.9–36.0) − 11.1 (-14.1 - − 8.1) 20.5 (17.2–23.7) 9.4 (5.8–13.0) 

*Values are prevalence estimates presented as percentages (%) with 95% Confidence Intervals (CI). 
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we found that between 2015 and 2019, while the prevalence of 
combustible cigarette and other tobacco product use declined, current 
and frequent e-cigarette use prevalence increased. Additionally, we 
found that the increase in e-cigarette use prevalence was higher among 
youth who reported other substance use and experiences of psychosocial 
stress. Also, a considerable proportion of youth who reported tobacco 
product use admitted to making past-year quit attempts. More impor-
tantly, the sources of e-cigarettes among youth have changed, with an 
increasing proportion of youth borrowing or purchasing e-cigarettes 
through other persons. 

Although our estimates of current e-cigarette use prevalence are 
slightly higher than those reported by the National Youth Tobacco 
Survey (NYTS:2015–16.0 %;2017–11.7 %;2019–27.5 %), the observed 
trends are similar, with current e-cigarette use decreasing between 2015 
and 2017 and subsequently increased in 2019 (Cullen et al., 2018, 2019; 
Singh et al., 2019; Wang et al., 2018). The decrease from 2015 to 2017 
may be due to increasing awareness of the potential health effects of e- 
cigarettes during that time and the finalization of the “Deeming Rule” in 
2016, which prohibited e-cigarette sales to youth < 18 years (Food and 
Drug Administration, 2016), and the reported decrease in e-cigarette 
advertising expenditure between 2014 and 2018 (Ali et al., 2020). 
Reasons for the increase between 2017 and 2019 remain unclear but 
may relate to introduction of pod-mods with various youth-appealing 
flavors and designs that are easier to conceal than other more bulky 
models and aggressive marketing and increase in e-cigarette advertising 
expenditure in 2018 (Ali et al., 2020; King et al., 2018). Nevertheless, 
over the same period, use of other tobacco products such as combustible 
cigarettes, chewing tobacco, and cigars declined significantly, as 
demonstrated in another study using the Monitoring the Future (MTF) 
survey data (Meza et al., 2020). 

E-cigarette use among youth remains a significant public health 
problem due to the potential for subsequent initiation of combustible 
cigarette use –the “gateway effect” (Berry et al., 2019; Soneji et al., 
2017). However, in our study, the rise in e-cigarette use did not coincide 
with increased combustible cigarette use, similar to findings from other 
studies (Creamer et al., 2020; Sun et al., 2021). Thus, the downward 
trend in combustible cigarette use may not be compatible with the 
“gateway effect” of e-cigarettes (Chapman et al., 2019). Nevertheless, 
the increase in e-cigarette use was much larger than the decline in use of 
other tobacco products, suggesting that e-cigarettes are not just an 
alternative tobacco product for those already susceptible to addictive 
behaviors but also e-cigarettes are recruiting individuals to nicotine 
addiction, who otherwise would have remained nicotine abstinent. In 
addition, the prevalence of current e-cigarette use increased signifi-
cantly among youth who had never smoked combustible cigarettes and 
among those who did not report current use of other tobacco products 
such as smokeless tobacco, cigars, little cigars, and cigarillos, similar to 
findings among young adults (Bandi et al., 2021). Data from the Na-
tional Health Interview Survey showed that among young adults who 
had never smoked combustible cigarettes, the prevalence of current e- 
cigarette use increased by about 174 % between 2014 and 2018 (Bandi 
et al., 2021). Thus, a substantial and growing number of youth who use 
e-cigarettes have never smoked combustible cigarettes or used other 
tobacco products and would possibly not be exposed to nicotine if e- 
cigarettes were unavailable to the youth. Therefore, reducing e-cigarette 
use among the youth could substantially minimize nicotine exposure 
and addiction in this population. 

Of greater concern, an increasing proportion of current e-cigarette 
users reported frequent use. The NYTS also showed that in 2019, 34.2 % 
of high school students who were current e-cigarette users reported 
frequent use (≥20 days in the past 30 days) (Cullen et al., 2019). 
Similarly, a study using 2019 MTF survey data reported that approxi-
mately 46.1 % of 12th-grade current e-cigarette users reported frequent 
use. In comparison with experimental use, frequent e-cigarette use 
among the youth is significantly associated with higher substance- 
related risk behaviors (McCabe et al., 2017). Moreover, increased 

frequency of vaping is associated with more frequent and heavy smoking 
at follow-up (Leventhal et al., 2016). Thus, frequent e-cigarette use 
represents a problematic pattern of use, as it increases the risk of nico-
tine addiction, subsequent combustible cigarette and other tobacco 
product use, and abuse of other substances. 

Mental health and experiences of emotionally stressful events are 
associated with e-cigarette and other tobacco product use among the 
youth (Riehm et al., 2019). Youth who reported experiences of psy-
chosocial stress were more likely to report current and frequent e- 
cigarette use than those who did not report such stressors. As shown by a 
recent study, students may be using e-cigarettes to cope with stressful 
experiences (Jha & Kraguljac, 2021). Interventions aimed at assisting 
youth tobacco users in quitting can complement prevention efforts in 
reducing tobacco use among youth. Recent evidence shows that a sig-
nificant proportion of youth e-cigarette users, particularly those with 
increased harm perception, report intentions to quit and past-year quit 
attempts (Dai, 2021; Smith et al., 2021). Similarly, in our current study, 
a significant proportion of youth who use tobacco products reported 
making past year quit attempts, similar to that reported in another 
recent study (Dai, 2021; Smith et al., 2021; Wang, 2019). Emerging 
evidence suggests that vaping cessation text messaging programs may 
effectively help e-cigarette cessation among young adults (Graham et al., 
2021). Such programs can be tested among youth to assess their effec-
tiveness in aiding quit attempts. Additionally, clinicians who interact 
with youth should universally inquire about tobacco product use, 
counsel on health effects, discourage use, and offer resources and sup-
port to help them quit (Owens et al., 2020; Selph et al., 2020). 

Finally, understanding the changing sources of e-cigarettes among 
youth is necessary to inform regulatory approaches limiting youth ac-
cess to e-cigarettes. Among youth, social sources such as friends 
continue to be the most popular source of e-cigarettes (Baker et al., 
2019; Kong et al., 2017; Wang et al., 2021). The results from our study 
indicate that most youth borrow or purchase e-cigarettes through other 
persons, therefore circumventing age-related restrictions on e-cigarette 
sales. Additionally, despite declines in the proportion of youth who 
obtain e-cigarettes online or from convenience/vape stores, an appre-
ciable number, particularly males and those who concurrently smoke 
combustible cigarettes, are still able to purchase e-cigarettes from these 
sources (Baker et al., 2019). Additionally, a recent study found that 
during the coronavirus disease 2019 pandemic, most underage youth 
accessed e-cigarettes from online sources (Gaiha et al., 2020). Therefore, 
increased efforts are warranted to enforce age-related restrictions on e- 
cigarette sales, both online and from brick-and-mortar stores, and 
develop interventions to discourage the social sharing of e-cigarettes. 

The findings of our study have important public health implications. 
First, our results identify salient participant characteristics that may 
increase vulnerability to e-cigarette use, such as psychosocial stress 
experienced at school. School-based interventions aimed at stress 
reduction and helping students cope with stressful experiences in 
healthier ways could potentially decrease e-cigarette use. Secondly, we 
also show that a considerable number of youths are making quitting 
attempts. These findings highlight the urgent need to develop age- 
appropriate cessation strategies. Most current tobacco cessation ap-
proaches have been designed for and tested with adult users, and there 
are few, if any, validated youth-based approaches to tobacco cessation. 
More youth-friendly cessation methods such as “This is Quitting” are 
needed (This is Quitting, n.d). Finally, some youth still purchase e-cig-
arettes from convenience/vape stores. Others borrow or purchase e- 
cigarettes through other people to get around policies restricting un-
derage purchases. Hence, there is an imminent need for more public 
awareness and stricter enforcement of existing age-related restriction 
policies and new interventions to limit e-cigarette acquisition through 
non-commercial and social sources. Also, with the lifting of stay-at- 
home orders that accompanied the COVID-19 pandemic, future studies 
are needed to examine how the sources of e-cigarettes, particularly 
among underage youth, have changed. 
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4.1. Strengths and limitations 

For our study, we analyzed data from the YRBSS survey, which 
comprehensively assesses tobacco product use among the youth, 
including the sources of e-cigarettes and past year quit attempts. 
Because these data were collected before the onset of the COVID-19, the 
interpretation of the results was more straightforward as they were not 
confounded by the social upheaval caused by the pandemic. Neverthe-
less, our findings should be interpreted with caution, as there are some 
limitations. For example, all the data were self-reported with the po-
tential for recall bias and misclassification. Additionally, data on other 
factors that may influence youth e-cigarette use, such as peer or parental 
tobacco use, harm perception, impulsivity, and marketing influence, 
were not available and hence not explored. Finally, the impact of the 
EVALI outbreak, which was first reported in July 2019, and COVID-19, 
first reported in December 2019, on e-cigarette use among the youth 
could not be assessed (Leas et al., 2021; Timeline of WHO’s response to 
COVID-19., n.d). Thus, future studies are needed to shed more light on 
the impact of EVALI and COVID-19 on e-cigarette use among youth. 

5. Conclusions 

Youth e-cigarette use remains a significant public health problem 
with a concerning emerging pattern of more frequent use. Also, with the 
increasing proportion of youth tobacco users making quit attempts, age- 
appropriate cessation programs need to be assessed and made available 
to aid cessation efforts. Finally, the sources of e-cigarettes among youth 
are changing; continued surveillance is therefore required to inform 
effective and timely policies. 
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