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Abstract

Introduction: The prevalence of e-cigarette use among US adolescents is increasing. However,
there is limited research on the prevalence and correlates of e-cigarette use among adolescents in
low income and under resourced communities. We report on their e-cigarette susceptibility and use
behaviors, and perceived risks of harm and addiction.

Methods: Students in grades 7, 9, and 11 from a Title I school district in the northeastern US
completed an online survey during a class period. Lifetime e-cigarette use and its correlates were
tested in bivariate and logistic regression models.

Results: Most students were of Latino ethnicity (66%), and 36% identified as Black/African
American. Overall, 55% of the full sample were considered ‘susceptible’ to e-cigarette use: 19%
were lifetime e-cigarette users while 6% were lifetime smokers. Students in 11th grade were more
likely (OR = 2.5) to have ever used e-cigarettes compared to students in 7th grade. Those that were
more curious (OR = 11.8), intended to use e-cigarettes in the next 12 months (OR = 2.8), and
would use the product if it was offered by a friend (OR = 2.4) had greater odds of lifetime e-
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cigarette use. By contrast, students who perceived at least moderate risks of health harm (OR =
0.44) were less likely to have used e-cigarettes.

Conclusions: Adolescents from marginalized communities are susceptible to and are using e-
cigarettes. Prevention efforts targeting underserved areas may benefit from e-cigarette health
education messages that reduce curiosity, interrupt social aspects of initiation, and emphasize
health harms.
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1. Introduction

Although adult smokers may reduce tobacco-associated harm from completely switching to
electronic nicotine delivery systems (ENDS; e-cigarettes, vaping),! harm reduction is
uncertain? and trends indicate smokers are likely to become dual users.3 Of significant
concern is e-cigarette use among adolescents? at a developmental period highly vulnerable
to nicotine addiction.4 Public health recommendations unequivocally state that adolescents
should avoid e-cigarettes because they are unsafe--posing risks of both harm and addiction.?
Meanwhile, e-cigarettes have risen rapidly in popularity® to become the most prevalent
tobacco product used by adolescents.® E-cigarette use during adolescence is associated with
neurological effects that sensitize the brain to other drugs and substance abuse,® and to
subsequent tobacco use including among adolescents who would otherwise be less
susceptible.”

Adolescent curiosity about e-cigarette use is largely driven by the swift ascent of JUUL,8% a
brand that has dominated mass market sales9 and is known for its discrete, easily
concealable features.1 Until recently, JUUL refillable pods were available in child-friendly
flavors including cucumber, mango, and créme!2 with varying nicotine concentrations (3%,
5%).13 As called for by supporting research,4 such flavorings in refillable pod-based e-
cigarettes were banned by the Food and Drug Administration (FDA) in January 2020.1°
Several US states, including New York and Massachusetts, have also clamped down on the
sale of vaping products including flavorings.12 However, menthol, a flavoring associated
with interest16 and usel” of e-cigarettes and an established gateway flavor to smoking
among adolescents,18 has not been prohibited.1> At present, it is unknown how these
regulatory actions by the FDA and certain states will ultimately affect e-cigarette sales, and
their corresponding use among middle and high schoolers.

In addition to their flavorings, adolescents appear to be drawn to e-cigarettes given their
ready availability and perceptions that they are less harmful than cigarettes.> Most surveys
conducted on adolescent e-cigarette use behavior assess adolescents from majority groups
(e.g., non-Hispanic white students, those with higher socioeconomic status)1920 despite
some evidence of an association between lower socioeconomic status and e-cigarette use
prevalence.?1:22 This leaves substantial gaps in the public health community’s understanding
of e-cigarette use prevalence, attitudes, and behaviors among low income, underserved, and
minority adolescents (e.g., African American/Blacks, Hispanic/Latinos) living in
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impoverished areas. Regrettably, the history of Big Tobacco is replete with examples of
these very groups being aggressively targeted by promotional marketing campaigns,
including efforts to lure young people into nicotine addiction.23 Little is known if and how
adolescents from low income communities use e-cigarettes to initiate and/or maintain a
vaping habit, do so in isolation or in combination with cigarettes, and if use is associated
with misperceptions of risks. Without this critical information, disparities in tobacco-related
diseases will undoubtedly persist and hamper prevention and control efforts.

Given this gap in information about e-cigarette use among vulnerable adolescents, this study
sought to examine the prevalence of e-cigarettes, cigarettes, and dual use among middle and
high school students in a low income community setting. We also sought to characterize use
patterns by sociodemographic factors, and attitudes and beliefs commonly associated with
adolescent tobacco use behavior. These results will inform future development of prevention
interventions tailored to racially diverse adolescents in under-represented, low income
regions.

2. Materials and Methods

2.1. Project design and population

The project was presented to a school superintendent in a low income, urban district in
northern New Jersey and approved by a local school board. A cross-sectional survey was
developed in English and Spanish by the study team (see below). Students in grades 7, 9,
and 11 were approached and completed the online survey in the spring semester of 2019. US
Census Bureau data for this region indicate lower proportions of White (45.8% vs. 72.1%)
and more African American/Black (25.3% vs. 15.0%) and Hispanic/Latino (38.2% vs.
20.4%) residents than statewide, more residents speaking languages other than English at
home (48.4% vs. 31.0%), and those living in poverty (14.3% vs. 10.0%). The school district
is designated through a Title I schoolwide program, qualifying it for additional funds to meet
the educational goals of low income and at-risk students.

2.2. Data collection procedures

Planning meetings were held with the school district superintendent. The superintendent,
school principals, and study team collaborated with the administration to conduct the
research. School district leadership and the study team prepared an information letter in
English and Spanish to the bilingual parent/guardian community about the study’s purpose.
The letter was distributed to parents/guardians of potentially eligible students via regular
mail, e-mail, “backpack” mail, and other means used for parent/guardian communication.
The letter included an opt-out response alternative: parents/guardians who did not wish for
their students to participate in the confidential and anonymous survey were asked to notify
the student’s homeroom teacher within 7 days. Homeroom teachers electronically
administered the survey online to students in their classrooms by providing each student a
secure survey link. The research university hosted the survey, and the protocol was approved
by its Institutional Review Board, and the school district’s office of the superintendent and
board of education.
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2.3. Measures

Survey preparation and items were modeled from the Youth Risk Behavior Survey?
administered biannually to conduct nationwide surveillance about adolescent health
behavior.

Sociodemographic Characteristics.—We measured students’ sociodemographic
characteristics including age, sex, race, Latino ethnicity, country of birth (US/Other
country), language spoken at home (1 = Only Spanish, 2 = More Spanish than English, 3 =
Spanish and English equally, 4 = More English than Spanish, 5 = Only English), and school
grade. We combined responses for language spoken at home to create a dichotomous
variable (English only/English and Spanish).

Cigarette Smoking.—Both lifetime and past-30 day smoking were assessed. Lifetime
smoking was captured with “Have you ever tried cigarette smoking, even one or two puffs?”
(‘YYes/No). Students who reported lifetime smoking were asked, “During the past 30 days, on
how many days did you smoke cigarettes?” Students who reported smoking on 1 or more
days were categorized as current smokers. Those who reported smoking 0 days were defined
as non-current smokers.

E-Cigarette Use.—Students were instructed in the survey that e-cigarette use included
vaping, JUUL use, and use of other ENDS products. Lifetime use was measured by “Have
you ever used an e-cigarette/electronic vapor product?” (Yes/No). Among students who
reported lifetime use, we measured past-30 day use as, “During the past 30 days, on how
many days did you use an e-cigarette/electronic vapor product?” Students who used e-
cigarettes on 1 or more days were considered current e-cigarette users. Students who did not
use e-cigarettes (0 days) were characterized as non-current e-cigarette users.

Susceptibility to E-Cigarette Use.—Susceptibility was assessed with three items
tapping curiosity, intent, and social influence. Students were asked: “Have you ever been
curious about using e-cigarettes/vaping?”; “Do you think that you will use e-cigarettes/vape
in the next 12 months?”, and; “If one of your best friends were to offer you an e-cigarette/
electronic vapor product, would you use it?” (1 = Definitely not to 4 = Definitely yes). These
response categories were combined to create dichotomous variables (0 = Definitely not, 1 =
Probably not, Probably yes, Definitely yes). We then merged these items to create an overall
susceptibility variable. Those who responded with a response other than “Definitely not” to
one or more items were deemed susceptible (YYes/No), as informed by prior foundational
research on youth tobacco use.2°

E-Cigarette Use Behaviors.—E-cigarette purchasing and use behavior, including how
students acquired e-cigarettes and brands they had used, were assessed. Social use of e-
cigarettes was measured by asking students if they ever shared an e-cigarette/vapor product
('YYes/No), and their relationship to the person(s) they had shared the product with, collected
as an open-ended response. We coded open-ended responses as 1 = Friend/peer, 2 = Family
members including parents, siblings, and cousins, and 3 = Friend/peer and family member, 4
= Other. All relationship categories were derived from those reported directly by students.
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Perceived Harm and Addictiveness of E-Cigarettes.—Perceived harm and
addictiveness were each measured with an adapted item.2% Students were asked, “How much
do you think people harm themselves when they use an e-cigarettes/vape?” (1 = No harm to
4 = A lot of harm) and “How addictive do you think using e-cigarettes/vaping is?” (1 = Not
at all addictive to 4 = Very addictive). Similar to susceptibility items, dichotomous variables
were created (0 = No/A little harm, 1 = Moderate/A lot of harm; 0 = Not at all/A little
addictive, 1 = Moderately/Very addictive).

2.4. Analyses

Descriptive statistics summarized the full sample’s sociodemographic characteristics.
Additionally, among lifetime e-cigarette users in this sample, we used univariate statistics to
assess how students had acquired e-cigarettes, brands of use, whether they shared the
product(s), and with whom they shared the product(s). Lifetime e-cigarette use was then
stratified by sociodemographic, lifetime smoking, susceptibility, and perceived harm and
addiction risks variables (Table 1): bivariate t-tests and chi-square tests examined
associations between these variables and lifetime e-cigarette use. We applied Yates’
continuity correction for 2 x 2 chi-square tests. Significant associations with lifetime e-
cigarette use (at the p<0.10 level) were tested in an unadjusted logistic regression model,
followed by a logistic regression model that adjusted for lifetime smoking (Table 2). We did
not include age in logistic regression models as it was confounded with school grade (p
<0.001). All analyses were performed using R as the statistical software package.

3. Results

3.1. Sample

Of the >1,350 potentially eligible students, the study received opt-out responses from <5%
of students/families who were not administered an online survey. We excluded 10% of
survey attempts from further analysis due to student misreporting or correctly reporting class
grade levels other than 7, 9, or 11 (e.g., in classrooms with mixed homeroom grade levels).
The study participation rate was 77% (N=963) after adjusting for these cases and the
schools’ daily attendance/census counts.

The sampled population included approximately equal numbers of 7th, 9th, and 11th grade
students (see Table 1). About half of participating students were female, most identified with
Latino ethnicity and Black/African American or other non-White race, and spoke both
English and Spanish in their homes. We compared the demographics of survey respondents
to those published by the school district and determined there were no differences based on
sociodemographic trends between survey respondents and those who opted out.

In this racially and ethnically diverse school-based sample, nearly 19% had ever used an e-
cigarette (i.e., lifetime e-cigarette users) and 6% had ever tried smoking (i.e., lifetime
smokers). Among lifetime smokers, 79% had experimented with e-cigarettes at some point
in the past (i.e., lifetime dual users). Of those who reported lifetime e-cigarette use, 53%
were current users: there were no differences in current use by grade, gender, race (White vs.
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all other), or Latino ethnicity (all p’s were nonsignificant). Approximately 35% of lifetime
smokers reported being current smokers.

3.2. Susceptibility to E-Cigarette Use

In the full sample, 45% reported being curious about e-cigarettes, 34% thought they would
try e-cigarettes, and 40% were open to using e-cigarettes if a friend offered it. Combined,
55% of adolescents were deemed ‘susceptible’ to trying e-cigarettes or continuing their use.
With respect to students’ beliefs, the clear majority perceived e-cigarettes to carry at least
moderate risks of harm (84%) and addiction (80%).

3.3. E-Cigarette Use Behaviors

Among 176 (19%) lifetime e-cigarette users in this sample, 139 (79%) responded to a
follow-up item on how they acquired e-cigarettes. The common methods were: borrowing e-
cigarettes from someone else (62%), giving money to someone else to buy e-cigarettes
(21%), buying them in a store (e.g., convenience store, gas station) (17%), and obtaining e-
cigarettes some other way (17%). Regarding the socialization of e-cigarette use, 130 (75%)
lifetime users reported sharing an e-cigarette with others. Among those who reported sharing
e-cigarettes, approximately 81% responded to an open-ended item that probed whom the
products were shared with: friends (72%), family members (11%), or friends and family
members (15%) were most cited. Regarding brands, 135 (77%) lifetime users reported the
brand they used most often: JUUL (66%) dominated and other brands included Apollo,
Blue, Greensmoke, and VaporFi—each accounting for <1% of the brands reported.
Adolescents also reported not having a preferred/usual brand (36%), or using another
unspecified brand (36%).

3.4. Associations with Lifetime E-Cigarette Use

E-cigarette users were older, more likely to be female, in 11th grade, be lifetime smokers,
and perceived no to low harm and addiction risks of product use (Table 1; all p’s <0.10).
Among those who perceived no or low e-cigarette harm, approximately 35% reported
lifetime e-cigarette use in comparison to about 15% who perceived at least moderate harm
risks. Similarly, about 30% of the sample who perceived no or low addiction risks were also
lifetime e-cigarette users compared to approximately 15% who reported at least moderate
addiction risks.

In the unadjusted logistic regression model (Table 2), 11th grade students were 2.5 times
more likely to have ever used e-cigarettes compared to 7th grade students. Those that were
curious (OR = 11.8), intended to use e-cigarettes in the next year (OR = 2.8), and would use
e-cigarettes if offered by a friend (OR = 2.4) had greater odds of lifetime use. By contrast,
students who perceived at least moderate harm risks (OR = 0.44) were less likely to have
used e-cigarettes previously.

A somewhat attenuated, but nearly identical and still statistically significant, pattern of
findings was observed when adjusting for lifetime smoking. In the adjusted logistic
regression model, 11th grade students were 2.3 times more likely to have ever used e-
cigarettes compared to 7th grade students. Adolescents had higher odds of lifetime e-
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cigarette use if they were curious (AOR = 10.6), likely to use e-cigarettes in the next year
(AOR = 2.4), and would use e-cigarettes if they were offered by a friend (AOR = 2.6).
However, those with at least moderate harm risk perceptions (AOR = 0.39) were less likely
to have been lifetime e-cigarette users.

4. Discussion

We identified a 19% lifetime e-cigarette use prevalence among adolescents attending public
middle and high schools in a low income community. Stratified by grade, their prevalence of
lifetime use was approximately 18%, 13%, and 25% among 7th, 9th, and 11th graders,
respectively. In unadjusted and adjusted logistic regression models, lifetime e-cigarette users
were more likely to be in an advanced year of school. Other factors associated with use were
increased cognitive susceptibility and decreased appreciation for the health-harming
consequences of e-cigarettes.

Importantly, our study population included an ethnically (66% Latino) and racially diverse
sample (36% Black, 28% other non-White races) of middle and high school students
attending schools in an underserved community. Our results indicating that approximately
19% of the sample had experimented with e-cigarettes, and about 6% with cigarettes, are
consistent with those of a diverse student sample from the 2014 Adolescent California
Health Interview Survey,2” and increasing trends of e-cigarette initiation over time.28:29 A
nationally-representative study reported even higher e-cigarette prevalence estimates among
minority adolescents (35% for Hispanics/Latinos; 27% for African Americans/Blacks, and
24% among other races),30 further underscoring the need for monitoring of e-cigarette use
among ethnic/racial minority populations.

Our findings support the need for all adolescents, regardless of their school setting, to have
equitable access to e-cigarette prevention interventions to reduce their risks to e-cigarette
harm and addiction? and dual or poly tobacco use,3! and avert tobacco use escalation.3?
Adolescents are vulnerable to progression in their nicotine and tobacco use behavior,
especially in light of exposure to tobacco retailers33 in their daily routines®* and aggressive
tobacco marketing.3® A recent study of vape shops found them more densely distributed in
school districts with more Black/African American and Asian students.36 In addition to a
high proportion of those who were susceptible to e-cigarettes in this study (55%), half of all
e-cigarette experimenters reported past-30 day use and 79% of lifetime smokers were
lifetime e-cigarette users. Thus, diverse adolescents attending Title | schools in underserved
communities may not only be experimenting with ENDS products, but using e-cigarettes
regularly and similar to patterns observed nationally and among young adults.3”

Data from the 2018 New Jersey Youth Tobacco Survey (NJYTS) found current e-cigarette
use, including JUUL, among minority students (23% among Hispanics/Latinos; 19% among
African American/Blacks; and 12% among other race) to be higher in an overall, less diverse
(non-Hispanic White 50%), older sample of high school students.® Although community-
wide socioeconomic index status among students in the NJYTS study was not analyzed, it
reported elevated rates of current e-cigarette use among older high school students and non-
Hispanic White students, but with lower trends of use among minority students.® Proportions
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of current use in their study also increased when combining prevalence estimates for general
e-cigarette use, and specifically JUUL use, with nearly twice as many Black/African
American high school students categorized as current e-cigarette users when reported in this
manner. Though we instructed students in the current survey that e-cigarette use included
JUUL, only one construct assessed ENDS products. This limitation may explain differences
for current use prevalence estimates, in addition to variation in sociodemographic
characteristics across samples including grade, racial, and ethnic diversity. Additionally,
unlike others,® our sample includes 7th graders, a population with reportedly lower e-
cigarette use prevalence than high school students.1®: 21 Nonetheless, consistent with
Hrywna and colleagues® and prior research,142 JUUL use predominated (66%). This is
concerning because pod-type ENDS contain nicotine salts that mimic the nicotine delivery
of cigarettes, and pose greater addictive risks than non-pod, older generations of e-cigarettes.
43 Ongoing monitoring of the interest and use of brands including JUUL and newer
disposable pod mods** will be critical in light of recent FDA policies against flavored,
cartridge-based e-cigarettes!® and evolving patterns of adolescent e-cigarette use.

Our findings highlight the interplay among e-cigarette susceptibility, use behavior, and risk
beliefs in an understudied and vulnerable population. Susceptibility among non-users and
those who had ever used e-cigarettes were rather pronounced, including curiosity (45%) and
accepting an offer to use e-cigarettes from a friend (40%), and keeping in mind that the
interpretation of these results may differ from other studies examining susceptibility among
non-users only. Nonetheless, the majority of lifetime users reported borrowing and sharing
e-cigarettes amongst friends and similar to prior work.> Curiosity and peer-influence are also
among the chief causes for initiating use in other studies.*>46 Reducing curiosity*® and
targeting social aspects of use may be promising strategies to curb uptake.

Though research on effective e-cigarette risk communication for adolescents is limited, there
is some evidence to suggest modifying perceptions about harm and addiction may be
effective at preventing and reducing use.*” Adolescents with higher perceived harm risks
were less likely to use e-cigarettes than were those with lower risk perceptions. Though low
perceived addiction risk has been associated with lifetime e-cigarette use,*8 addiction
messaging may produce limited impact on risk beliefs, and ultimately e-cigarette use
behavior.26:49 A recent pilot study found harm messaging (e.g., chemicals, brain
development) more effective than addiction messaging among adolescents.>0

Recent recommendations®! and adolescent health education programs targeting substance
use and smoking including doing so among minority groups®2 point to brief, e-cigarette risk
messages delivered in school settings®3 or primary care clinics.>4-56 Future research
examining primary prevention strategies may include updating school-based tobacco
prevention curricula to address emergent ENDS and tobacco products. One approach is a
virtual field trip connecting students with scientists via webcasts and other activities to learn
about e-cigarette risks.>” Additionally, screening procedures for e-cigarette use are lacking,
51 and training primary care providers to play a more central role in educating youth about
the harms of e-cigarettes and nicotine addiction may be beneficial in this vulnerable
population.®®
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Our study is among a small but growing number of inquiries into the susceptibility to,
experimentation with, and use of e-cigarettes among adolescents in low income, underserved
communities that are predominantly minority and additional research is needed. In designing
those future studies, it is important to keep in mind several limitations that may impact the
external validity of our findings, including the similarity of our study’s Title I school setting,
passive consent/opt-out methodology, and confidential and anonymous e-survey data
collection procedures. Although this facilitated representative study sampling, it generally
precluded inquiry about family income and a statistical examination of the similarities and
differences among students in the same classrooms (i.e., intra-class correlations or clustering
effects). Some of these limitations may have been mitigated by the high participation rate
and approximately even engagement/response distribution within and across grade levels. Of
course, as a cross-sectional investigation, it was not possible to determine the causal nature
of any of the associations we observed and reported herein: the study was also not designed
to evaluate the role of area-based, environmental, and broader social determinants of ENDS
use among youth living in these communities and that would be informative as well.
Additionally, our prevalence rates of e-cigarette behavior use were somewhat lower than
those reported in a nationally-representative study,3 and a recent study of high schoolers:®
the reason for this variance is unknown. Valuable future directions are to examine correlates
of past-30 day e-cigarette use among a similarly-situated population, and to examine
associations of their e-cigarette use with other popular tobacco products (e.g., cigars,
cigarillos).?!

5. Conclusions

This research is among the few available studies examining e-cigarette use and associated
attitudes and beliefs among a diverse sample of middle and high school students attending
schools in a low income and underserved community. Findings suggest that e-cigarette
experimentation (19% overall) and continued use (53% among lifetime users) occur, and can
be associated with adolescent curiosity, future intentions, and social opportunity, and lower
perceptions of harms. These attitudes and risk perceptions are malleable targets for
intervention, and important considerations for designing e-cigarette use prevention efforts.
By partnering with schools, primary care settings, and other community organizations that
serve large numbers of teens, the preventing ENDS use initiation and escalation may be
possible. Given the continued market evolution of e-cigarettes and FDA and state regulatory
policies, both primary and secondary prevention efforts are needed to offer brief, impactful
messages targeting these aspects of use in those settings.
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. Adolescents from low income, low resource, and underserved communities

. Use is associated with cognitive susceptibility and low perceived harm risks.

. These correlates of use are malleable targets for future prevention

. E-cigarette prevention efforts should include a focus on populations of

Highlights

are vulnerable to e-cigarette experimentation and use.

interventions.

adolescents from marginalized and underserved communities.
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Table 1:

Sample characteristics and e-cigarette use by adolescent group (N=963)

Variable Level Full sample Lifetime e-cigarette use?
N % or M (SD) N % or M (SD) p
Lifetime e-cigarette use No 758 81.2% - - -
Yes 176 18.8% - - -
Age 959  14.8(17) 174 15.0 (1.6) 0.05
Sex Male 469 49.0% 71 15.1% 0.02
Female 489 51.0% 103 21.1%
Latino ethnicity No 321 34.0% 54 16.8% 0.40
Yes 622 66.0% 119 19.9%
Race White 255 36.5% 45 17.6% 0.17
Black/African American 250 35.8% 33 13.2%
Other 193 271.7% 39 20.2%
Country of birth us 791 84.0% 146 18.5% 1
Other country 151 16.0% 27 17.9%
Language spoken at home English only 341 37.8% 58 17.0% 0.35
English and Spanish 560 62.2% 109 19.5%
School grade Tth 301 31.3% 54 17.9% <0.001
9th 351 36.4% 45 12.8%
11th 311 32.3% 77 24.8%
No 890 93.6% 128 14.4% <0.001

Lifetime cigarette use
Yes 61 6.4% 48 78.7%

Have you ever been curious about using e-

- . b

Susceptibility to e-cigarette use cigarettes/vaping? 418 44.8% 160 38.3.0% <0.001
Do you think that you will use e-cigarettes/ o o
vape in the next 12 months? 817 34.2% 135 42.6% <0.001
If one of your best friends were to offer you
an e-cigarette/electronic vapor product 375 40.3% 147 39.2% <0.001
would you use it?
No/A little harm 147 15.8% 51 34.7%

Perceived harm risk <0.001
Moderate/A lot of harm 785 84.2% 121 15.4%
No/A little addictive 187 20.2% 56 29.9%

Perceived addiction risk <0.001
Moderately/Very Addictive 739 79.8% 114 15.4%

a . . PR . .
Percentages and means represent the portion of each group reporting a positive lifetime history of e-cigarette use.
b . . . -
Percentages represent the proportion of each group reporting anything other than “definitely not.”

p values indicate associations in t-tests and chi-square tests for independent variables with lifetime e-cigarette use; p <0.10 was used as the
selection for model entry in Table 2.
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