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Although studies have investigated the association between conventional tobacco smoking and mental health
outcomes among adolescents in the United States, few studies have examined the association between electronic
vaping products (EVPs) and mental health among adolescents. This study aimed to investigate the cross-sectional
association between EVPs use, symptoms of depression, and suicidal behaviors among adolescents. Data were
pooled from the 2017 and 2019 Youth Risk Behavior Survey. An analytic sample of 14,285 adolescents (50.3%
female) was analyzed using binary logistic regression. The outcome variables investigated were symptoms of
depression, suicidal ideation, suicide plan, and suicide attempts, and the main explanatory variable was EVPs
use. Of the 14,285 adolescents, 22.2%, 19.2%, and 58.8% were current, former and never users of EVPs,
respectively. Controlling for other factors, current users of EVPs were significantly more likely to report having
symptoms of depression (AOR = 1.82, 95% CI = 1.58-2.09), having suicidal ideation (AOR = 1.55, 95% CI =
1.30-1.86), making a suicide plan (AOR = 1.62, 95% CI = 1.34-1.97), or attempting suicide (AOR = 1.75, 95%
CI = 1.41-2.18) when compared to never users of EVPs. Gender moderated the association between EVPs use,
symptoms of depression, suicidal ideation, and suicide plan. Racial minority identity, sexual minority identity,
sexual violence victimization, victim of school and cyberbullying, alcohol use, and cigarette smoking were all
significantly associated with depression and suicidal behaviors. Study findings support the association between
EVPs use and adolescent mental health. Future studies that employ longitudinal designs may offer more insight
into the mechanisms underlying this association.

1. Introduction Youth Risk Behavior Survey (YRBS) shows that about one in three

adolescent high school students in the U.S. experienced symptoms of

Depression and suicidal behaviors, which includes suicidal ideation,
suicide plan, and suicide attempts, are common mental health problems
experienced by adolescents in the United States (U.S.; Mojtabai et al.,
2016; Rockett et al., 2016). Suicide is the second leading cause of death
among adolescents aged 13-19 years in the U.S. (Centers for Disease
Control and Prevention, 2020). A significant risk factor for death by
suicide is a prior suicide attempt (Bridge et al., 2006). Data from the

depression, 18.8% experienced suicidal ideation, 15.7% made a suicide
plan, and 8.9% attempted suicide at least once in 2019 (Ivey-Stephenson
et al., 2020).

The age of onset for these mental health problems is often early in
life. Kessler et al. (2005) found that nearly half of all mental health
problems start by age 14 and 75% by age 24. Depression can have a
significant deleterious impact on overall well-being and can lead to
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engagement in suicidal behaviors (Baiden et al., 2017; Hirdes et al.,
2020). Early identification and treatment of mental health can help
prevent future problems (Hirdes et al., 2020).

Past studies suggest a significant association between cigarette
smoking, symptoms of depression, and suicidal behaviors (Gart and
Kelly, 2015; Kahn and Wilcox, 2020; Ranjit et al., 2019a,b). For
example, Ranjit et al. (2019) found that cigarette smoking at age 14
significantly predicted depressive symptoms at age 17. Additionally,
Dasagi et al. (2021) found that adolescents who engaged in heavy
cigarette smoking (smoking 11 or more cigarettes per day) were 3.43
times more likely to report symptoms of depression, 2.97 times more
likely to report suicidal ideation, and 2.11 times more likely to report
ever planning a suicide attempt.

In 2007, electronic vaping products (EVPs) entered the U.S. market
advertised as a less harmful alternative to cigarettes (Sen Choudhury,
2021). Since, there has been a significant increase in the prevalence of
EVPs use among adolescents (Chen-Sankey et al., 2019; Niaura et al.,
2014). Data from the Monitoring the Future (MTF) study showed that in
2015, EVPs had the highest 30-day prevalence of all tobacco products
among 8th, 10th, and 12th graders (Miech et al., 2016). Possible reasons
for the increase in use of EVPs include that they are considered less
harmful than conventional cigarettes (Nutt et al., 2016), less stigmatized
(Martinez et al., 2018; Tokle and Pedersen, 2019), and come in different
flavors (Sen Choudhury, 2021; Tsai et al., 2018).

The extant literature has found sex differences in patterns of EVPs
use (Buu et al., 2020; Wong and Fan, 2018; Yimsaard et al., 2021). For
instance, some studies have found that compared to males, females tend
to prefer EVPs that resemble cigarettes (Dawkins et al., 2013) and are
more likely to use EVPs that are sweet and fruit-flavored (Bunch et al.,
2018) or have a non-tobacco flavor and lower nicotine strength (Pineiro
et al., 2016). Other studies, however, have found that males are more
likely to prefer tobacco-flavored EVPs (Pineiro et al., 2016). Under-
standing sex differences in the use of EVPs is important given that
research has found that the type of EVPs device and content may affect
patterns of EVPs use (Yimsaard et al., 2021). Such an understanding may
also have implications for the utility of EVPs as nicotine replacement.
Previous studies have also found sex differences in reasons for the use of
EVPs. For instance, some scholars have found that whereas females are
more likely to report continuing use of EVPs to deal with stress, males
are more likely to report continuing use of EVPs to help cut down
smoking and for enjoyment (Pineiro et al., 2016). In addition, previous
research has linked EVPs use to weight management among females
(Jackson et al., 2019), although at least one published study found no
sex differences in EVPs use for weight management (Morean and Wedel,
2017).

Research suggests that individuals who engage in the use of EVPs are
more likely to have a history of externalizing and internalizing behavior
problems (Buu et al., 2020; Chun et al., 2020). For instance, Buu et al.
(2020) examined data from the Population Assessment of Tobacco and
Health Study (PATH) and found that internalizing (e.g., depression and
anxiety) and externalizing (e.g., aggression and delinquency) behavior
problems at Wave 1 significantly predicted the initiation and progres-
sion of use of EVPs at Wave 2. However, there is a dearth of studies
examining the association between use of EVPs and mental health
including suicidal behaviors among adolescents in the U.S. (Chadi et al.,
2019; Eberlein et al., 2014). The increasing use of EVPs among adoles-
cents (Chen-Sankey et al., 2019; Miech et al., 2016; Niaura et al., 2014)
and the association of cigarette smoking with depression and suicidal
ideation (Gart and Kelly, 2015; Kahn and Wilcox, 2020) warrant further
investigation of this phenomenon.

Scholars hypothesized that adolescents who experienced depression
and/or suicidal behaviors may use EVPs to self-soothe, and that ado-
lescents who use EVPs experience other risk factors such as sexual
violence or bullying victimization, both of which have been found to
significantly predict depression and suicidal behaviors (Chadi et al.,
2019; Sen Choudhury, 2021). Drawing from self-medication theory
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(Khantzian, 1997), some scholars have maintained that substance use,
including use of EVPs, may be part of an individual’s response to
emotional or psychological distress, oftentimes arising from past trau-
matic experiences (Maniglio, 2015, 2017; Stewart et al., 2013). Melka
et al. (2019) examined data from the Australian longitudinal study on
women’s health and found that women who experienced sexual abuse
before age 16 years were 1.4 times more likely to report the use of EVPs
at age 26 when compared to their non-abused counterparts. In the U.S.,
Doxbeck et al. (2021) examined data from the 2017 YRBS and found that
history of sexual violence had a significant direct effect on use of EVPs.
Analyzing data from the 2016-2017 Canadian Student Tobacco, Alcohol
and Drugs Survey, Azagba et a. (2020) also found that school bullying
victimization was significantly associated with higher odds of use of any
EVPs. Doxbeck (2020) further found that controlling for demographic
factors and other substance use behaviors, adolescents who were victims
of school bullying or cyberbullying were significantly more likely to
report using EVPs during the past 30 days when compared to their
counterparts who were not victimized. Taken together, the findings
from these studies suggest that adolescents with a history of sexual
violence or who were victims of bullying may resort to the use of EVPs as
means of self-soothing past traumatic experiences.

Other factors associated with mental health and suicidal behaviors
among adolescents include sexual violence victimization, school
bullying and cyberbullying victimization, and alcohol and cigarette use.
Analyzing data from the Add Health study, Thompson et al. (2019)
found that adolescents with a history of sexual violence had between 1.4
and 2.7 times increased odds of suicidal ideation and suicide attempts in
adulthood. Experiencing sexual violence may increase the victim’s
ability to habituate to pain, thereby acclimatizing them to the fear
associated with bodily injury and increasing their capability for lethal
self-harm (Van Orden et al., 2010). Other scholars have also maintained
that notwithstanding the fact that sexual violence victimization is more
common among females, males who experience sexual violence may
face additional stigma given norms around masculinity and disclosure of
sexual abuse (Javaid, 2018); potentially exacerbating feelings of bur-
densomeness or thwarted belonging - two critical risk factors for a sui-
cide attempt as demonstrated by the Interpersonal Theory of Suicide
(Joiner, 2005). School bullying and cyberbullying victimization have
also been found to significantly predict symptoms of depression (Baiden
et al., 2017) and suicidal behaviors (Baiden and Tadeo, 2020; Mitchell
et al., 2016). Various meta-analytic studies have found a significant
association between school bullying and cyberbullying victimization
and the onset of depressive symptoms (Kowalski et al., 2014; Modecki
et al., 2014; Ttofi et al., 2014; Zych et al., 2019).

Demographic factors such as sex, sexual identity, and race/ethnicity
have all been found to be associated with poor mental health and sui-
cidal behaviors. Compared to adolescent males, adolescent females are
more likely to experience suicidal ideation and attempt suicide
(Felez-Nobrega et al., 2020; Miranda-Mendizabal et al., 2019). Some
scholars have attributed the higher prevalence of suicidal behaviors
among adolescent girls to biological transition and pubertal onset,
which occurs on average earlier for girls than for boys (Lee et al., 2020;
Roberts et al., 2020). Depressive symptomatology which is one of the
strongest predictors of suicidal behaviors (Nock et al., 2008), is also
known to increase more quickly for girls during adolescence than for
boys (Adrian et al., 2016; Boeninger et al., 2010). Available literature
also suggests that victimization related experiences such as school
bullying and cyberbullying significantly predisposes sexual minority
youth to experience mental health problems such as depression (IVus-
tanski et al., 2016; Veale et al., 2017), and engaging in suicidal behav-
iors (Hatchel et al., 2019). With respect to race/ethnicity, some scholars
have found that whereas Black and Indigenous People of Color (BIPOC)
and Hispanic adolescents are less likely to experience mental health
problems and engage in suicidal ideation than their White counterparts,
BIPOC adolescents are more likely to make a suicide attempt when
compared to their White counterparts (Kann et al., 2018). A systematic
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review by Colucci and Martin (2007) also found a higher prevalence of
suicide attempts among adolescent Black males relative to their White
male counterparts.

1.1. Current study

Few studies in the U.S. have utilized large nationally representative
cohort data to examine the associations between EVPs use and adoles-
cent mental health outcomes (Becker et al., 2021). Relevant studies are
limited to less up-to-date samples and do not examine former EVPs users
and suicidal behaviors besides suicidal ideation (Chadi et al., 2019).
Identification of former EVPs users may contribute to a more nuanced
understanding of who is at risk for mental health problems. For example,
reports of making a suicide plan and/or attempting suicide demonstrate
an elevated suicide risk (Nock et al., 2008). Lastly, research is needed to
explore gender differences regarding the association between EVPs and
mental health outcomes, as adolescent females are more likely than
males to report symptoms of depression (Geiger and Davis, 2019) and
engage in suicidal behaviors (Baiden et al., 2020; Baiden and Tadeo,
2020; Ivey-Stephenson et al., 2020; Miranda-Mendizabal et al., 2019).

Informed by frameworks from the fields of substance use (Khantzian,
1997) and suicide research (Joiner, 2005; Van Orden et al., 2010), this
study seeks to extend the existing literature by drawing on a large na-
tionally representative sample of adolescents in the U.S. to examine the
cross-sectional association between EVPs and symptoms of depression
and suicidal behaviors. We hypothesized that controlling for the effects
of known risk factors for depression and suicidal behaviors, there would
be an association between EVPs and symptoms of depression, suicidal
ideation, suicide plan, and suicide attempts. We further hypothesized
that the association between EVPs and symptoms of depression and
suicidal behaviors would depend on gender.

2. Methods
2.1. Data source

Data for this study were obtained from the Youth Risk Behavior
Survey (YRBS). The YRBS is a cross-sectional school-based national
survey conducted by the Centers for Disease Control and Prevention
(CDC) every two years to examine health-risk behaviors that contribute
to the leading causes of death and disability among youth in grades 9 to
12 in the U.S. The objectives, methodology, and sampling procedure for
the YRBS have been described elsewhere (Brener et al., 2013; Kann
et al., 2018; Underwood et al., 2020). The data used in this study have
been described in other studies by the authors (see e.g., Baiden et al.,
2019b,a, 2020, 2021; Baiden and Tadeo, 2019). In brief, the YRBS uti-
lized a three-stage cluster sample design to recruit 9th to 12th graders
from both public and private schools to complete self-administered
surveys. A nationally representative sample of schools and a random
sample of classes within those schools were selected to participate in the
2017 and 2019 YRBS. First, schools were selected systematically with
probability proportional to enrollment in grades 9 through 12 using a
random start from primary sampling units (PSUs), made up of entire
counties, groups of smaller adjacent counties, or parts of larger counties.
PSUs were categorized into different strata based on their metropolitan
statistical area status (e.g., urban or rural) and the percentages of
non-Hispanic Black (Black) and Hispanic students in each PSU. For the
second-stage sampling, secondary sampling units were sampled with
probability proportional to school enrollment size. The third and final
stage of sampling comprised of a random sampling of one or two
classrooms in grades 9 through 12 from either a required subject (e.g.,
English or Social Studies) or a required period (e.g., homeroom or sec-
ond period). All students in sampled classes were eligible to participate.
Schools, classes, and students who refused to participate were not
replaced in the sampling design. The YRBS dataset have been used in
several studies and the measures have been found to have strong
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psychometric properties (Brener et al., 2013). The YRBS was approved
by the CDC’s Institutional Review Board (IRB), and the de-identified
data are publicly available. The current study was exempt from IRB
approval by the lead author’s institution as the data had already been
de-identified and did not contain any personally identifying informa-
tion. We followed Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines in the conduct of this study (Von
Elm et al., 2007).

2.2. Sample

For the purposes of this study, data from high school students from
the 2017 and 2019 national YRBS were combined to obtain a sufficient
sample size. The resulting sample size for the combined 2017 and 2019
national YRBS was 28,442 high school students. Missing data were
handled using listwise deletion of cases. Imputation of missing data is
not recommended for studies using the YRBS (Brener et al., 2013);
hence, the analyses presented in this study were restricted to adolescents
between the ages of 12 and 18 years and had complete data on all the
variables included in the analysis. This resulted in a final analytic sample
of N = 14,285.

2.3. Variables

2.3.1. Outcome variables

The outcome variables examined in this study included symptoms of
depression, suicidal ideation, suicide plan, and suicide attempt and were
measured as binary variables. Symptoms of depression were measured
based on the question, “During the past 12 months, did you ever feel so
sad or hopeless almost every day for two weeks or more in a row that you
stopped doing some usual activities?”” Adolescents who answered “yes”
were coded as 1, whereas those who answered “no” were coded as 0.
Suicidal ideation was measured based on response to the question,
“During the past 12 months, did you ever seriously consider attempting
suicide?” Adolescents who answered “yes” were coded 1, whereas ad-
olescents who answered “no” were coded 0. Suicide plan was measured
based on response to the question, “During the past 12 months, did you
make a plan about how you would attempt suicide?”” Adolescents who
answered “yes” were coded 1, whereas adolescents who answered “no”
were coded 0. Suicide attempt was measured based on response to the
question, “During the past 12 months, how many times did you actually
attempt suicide?” Adolescents who attempted suicide at least once
during the past 12 months were coded as 1, whereas adolescents who did
not attempt suicide during the past 12 months were coded as 0.

2.3.2. Explanatory variable

The main explanatory variable examined in this study was the use of
EVPs and was defined to include e-cigarettes, vapes, vape pens, e-cigars,
e-hookahs, hookah pens, and mods. EVPs use was measured as an
ordinal variable using two questions: 1) Have you ever used an elec-
tronic vapor product, and 2) During the past 30 days, on how many days
did you use an electronic vapor product? Adolescents who had never
used EVPs were coded as 0. Adolescents who reported ever using EVPs
but not within the past 30 days were considered former users and coded
as 1. Adolescents who reported using EVPs within the past 30 days were
considered current users and coded as 2.

2.3.3. Covariates

Covariates examined included victims of sexual violence (SV), school
bullying, cyberbullying, current cigarette smoking, and current alcohol
use. In addition, the following demographic variables were also included
as control variables; age, race, gender, and sexual orientation. The
specific variables, survey questions used, and coding used for the sta-
tistical analysis are presented in Table 1.
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Table 1

List of demographic variables and covariates derived from the 2017 and 2019

national YRBS.

Variable name

Survey question

Analytic coding

Gender What is your sex? 0 = Male
1 = Female
Age How old are you? 12-18 years
Race What is your race 0 = non-Hispanic
White
1 = Black/
African American
2 = Hispanic
3 = Others”
Sexual Which of the following best describes 0 = Straight
orientation you? 1 = Lesbian/gay

Victim of school
bullying

Victim of
cyberbullying

Cigarette
smoking
Alcohol use

Victim of sexual
violence

During the past 12 months, have you ever
been bullied on school property?

During the past 12 months, have you ever
been electronically bullied? (Count being
bullied through texting, Instagram,
Facebook, or other social media).

During the past 30 days, on how many
days did you smoke cigarettes?

During the past 30 days, on how many
days did you have at least one drink of
alcohol?

During the past 12 months, how many
times did anyone force you to do sexual

2 = Bisexual

3 = Not sure
0=Novs. 1=
Yes

0=Novs. 1=
Yes

0 =0daysvs. 1
or more days
0=0daysvs. 1

or more days

0 =0 times vs. 1
or more times

things that you did not want to do?”
(Count such things as kissing, touching,
or being physically forced to have sexual
intercourse)

@ Adolescents who did not identify primarily with one of the three racial/
ethnic categories provided (i.e., Non-Hispanic White, Black/African American,
or Hispanic).

2.4. Data analyses

Descriptive, bivariate, and multivariate analytic techniques were
employed. First, the general distribution of all the variables included in
the analysis was examined using frequencies and percentages. The as-
sociation between EVPs use and symptoms of depression and suicidal
behaviors was then examined using Pearson chi-square test of associa-
tion. The main analysis involves using binary logistic regression to
examine the association between EVPs use and symptoms of depression
and suicidal behaviors while controlling for other covariates and de-
mographic factors. To examine whether the association between use of
EVPs and symptoms of depression and suicidal behaviors is dependent
on gender, a two-way interaction term between use of EVPs and gender
was examined. Adjusted odds ratios (AOR) are reported together with
their 95% Confidence Intervals (C.L). Variables were considered sig-
nificant if the p-value was less than 0.05. Stata’s “svyset” command was
used to account for the weighting and complexity of the cluster sampling
design employed by the YRBS. All analyses are based on the weighted
data and were performed using STATA version 15 (Stata Corp., College
Station, Texas, USA).

3. Results
3.1. Sample characteristics

Table 2 below shows the general distribution of the study variables.
Of the 14,285 adolescents, 22.2% currently use EVPs, 19.2% formerly
used EVPs, and 58.8% have never used EVPs. In 2017, 66% of adoles-
cents never used EVPs compared to 52% of adolescents who never used
EVPs in 2019, and 22% of adolescents were former users of EVPs in 2017
compared to 16.1% of adolescents who were former users of EVPs in
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Table 2
Sample characteristics (N = 14,285).

Variables N (%)

Outcome variables
Symptoms of depression
No 9472 (66.3)
Yes 4813 (33.7)
Suicidal ideation
No 11,780 (82.5)
Yes 2505 (17.5)
Suicide plan
No 12,288 (86.0)
Yes 1997 (14.0)
Suicide attempts
No 13,346 (93.4)
Yes 939 (6.6)

Main explanatory variable
Use of electronic vaping products
Never 8397 (58.8)
Former user 2745 (19.2)
Current use 3143 (22.0)

Control variables
Age
14 years 1633 (11.4)
15 years 3589 (25.1)
16 years 3644 (25.5)
17 years 3483 (24.4)
18 years or older 1936 (13.6)
Gender
Male 7095 (49.7)
Female 7190 (50.3)
Straight 12,242 (85.7)
Lesbian/gay 327 (2.3)
Bisexual 1163 (8.1)
Unsure 553 (3.9)
Race/ethnicity
Non-Hispanic White 8049 (56.3)
Black/African American 1309 (9.2)
Hispanic 3358 (23.5)
Other 1569 (11.0)
Victim of sexual violence
No 12,982 (90.9)
Yes 1303 (9.1)
Victim of school bullying
No 11,631 (81.4)
Yes 2654 (18.6)
Victim of cyberbullying
No 12,196 (85.3)
Yes 2089 (14.6)
Currently smoke cigarette
No 13242 (92.7)
Yes 1043 (7.3)
Currently drinks alcohol
No 10,238 (71.7)
Yes 4047 (28.3)

2019. About 12% of adolescents currently use EVPs in 2017 compared to
32% of adolescents who currently use EVPs in 2019. About one in three
adolescents (33.7%) had symptoms of depression, 18% reported expe-
riencing suicidal ideation, 14% made a suicide plan, and 6.6% attemp-
ted suicide during the past 12 months. The sample was evenly
distributed by gender (50.3% female). See Table 2 for the distribution of
the other variables.

3.2. Bivariate association between EVPs use and suicidal behaviors

As seen in Table 3, there was a significant bivariate association be-
tween EVPs use and symptoms of depression and suicidal behaviors.
Close to one in two adolescents (47%) who currently use EVPs had
symptoms of depression compared to 38.3% of former users, and 27.3%
of those who had never used EVPs (X2(2) =431.05, p < .001). More than
one in four adolescents (26.1%) who currently use EVPs compared to
one in five (19.9%) who were former users, and 13.6% of those who had
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Table 3
Use of electronic vaping products by suicidal Behaviors (N = 14,285).
Outcome variables Use of electronic vaping products XZ value
Never Former user Current user
(%) (%) (%)
Symptoms of 431.05 (p <
depression .001)
No 72.8 61.7 53.0
Yes 27.2 38.3 47.0
Suicidal ideation 262.57 (p <
.001)
No 86.4 80.1 73.9
Yes 13.6 19.9 26.1
Suicide plan 252.73 (p <
.001)
No 89.7 83.1 78.7
Yes 10.3 16.9 21.3
Suicide attempt 212.60 (p <
.001)
No 95.7 92.4 88.3
Yes 4.3 7.6 11.7

never used EVPs experienced suicidal ideation (X2(2) = 262.57,p <
.001). Similarly, about 21% of adolescents who currently use EVPs
compared to 16.9% of adolescents who were former users, and 10.3% of
those who had never used EVPs made a suicide plan (X2(2) =252.73,p
< .001). About 12% of adolescents who currently use EVPs compared to
7.6% of adolescents who were former users, and 4.3% of adolescents
who had never used EVPs attempted suicide (X2(2) =212.60, p < .001).

3.3. Logistic regression results examining the association between EVPs
use and suicidal behaviors

Table 4 shows the multivariable logistic regression results of the
association between EVPs use and symptoms of depression and the three
suicidal behaviors. When controlling for sociodemographic character-
istics, exposure to violence, and substance use, there was a significant
association between EVPs and the four outcome variables. Compared to
adolescents who had never used EVPs, adolescents who currently use
EVPs were more likely to report having symptoms of depression (AOR =
1.82,p <.001, 95% CI = 1.58-2.09), suicidal ideation (AOR = 1.55,p <

Table 4

Multivariate logistic regression results predicting suicidal behaviors (N = 14,285).
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.001, 95% CI = 1.30-1.86), making a suicide plan (AOR = 1.62, p <
.001, 95% CI = 1.34-1.97), and attempting suicide (AOR = 1.75, p <
.001, 95% CI = 1.41-2.18). Adolescents who formerly used EVPs were
more likely to report having symptoms of depression (AOR = 1.42,p <
.001, 95% CI = 1.25-1.62), experiencing suicidal ideation, (AOR = 1.32,
p < .001, 95% CI = 1.12-1.56), making a suicide plan (AOR =1.48,p <
.005, 95% CI = 1.22-1.79), and attempting suicide (AOR = 1.44, p =
.003, 95% CI = 1.13-1.83) when compared to their counterparts who
had never used EVPs.

To examine whether the association between EVPs use and the four
outcome variables is dependent on gender, we conducted a two-way
interaction between EVPs use and gender. The results presented in
Table 5 shows that there was a significant interaction effect between
EVPs use and gender on symptoms of depression, suicidal ideation, and
suicide plan. However, there was no significant interaction effect be-
tween EVPs use and gender on suicide attempts. Adolescent females who
currently use EVPs had 1.51 times higher odds of experiencing symp-
toms of depression (AOR = 1.51, p < .001, 95% CI = 1.21-1.90), 1.49
times higher odds of experiencing suicidal ideation (AOR = 1.49, p <
.001, 95% CI = 1.14-1.94), and 1.35 times higher odds of making a
suicide plan (AOR = 1.35, p = .048, 95% CI = 1.01-1.83) when
compared to adolescent males who currently use EVPs. Figs. 1-3 show
the predictive margins plot of the interaction between gender and EVPs
use for suicidal ideation, suicide plan, and suicide attempts,
respectively.

4. Discussion

The objective of this study was to contribute to the literature on the
mental health effects of EVPs use among adolescents. The findings of this
study suggest that EVPs use is associated with symptoms of depression,
suicidal ideation, and suicide plan among adolescents and that these
associations are stronger for adolescent females. Our finding that more
than one in five adolescents reported current use of EVPs is remarkably
higher than prevalence estimates reported in prior studies (Chadi et al.,
2019; Dai and Hao, 2017; Riehm et al., 2019; Singh et al., 2016), but
similar to findings in more recent national assessments (Gentzke et al.,
2019). Differences in the operationalization of EVPs use and nuances in
data collection (pencil/paper versus computer-based) and sampling

Variables Symptoms of depression Suicidal ideation Suicide plan Suicide attempts
AOR (95% C.L.) p-value AOR (95% C.I.) p-value AOR (95% C.I.) p-value AOR (95% C.I.) p-value

Use of electronic vaping products (Never)

Former user 1.42 (1.25-1.62) <.001 1.32 (1.12-1.56) .001 1.48 (1.22-1.79) <.001 1.44 (1.13-1.83) .003

Current user 1.82 (1.58-2.09) <.001 1.55 (1.30-1.86) <.001 1.62 (1.34-1.97) <.001 1.75 (1.41-2.18) <.001
Age in years 1.02 (0.98-1.07) 273 0.99 (0.94-1.04) .663 0.98 (0.93-1.04) .519 0.88 (0.81-0.95) .002
Gender (Male)

Female 1.82 (1.61-2.05) .001 1.33 (1.14-1.54) <.001 1.23 (1.06-1.44) .008 1.22 (0.96-1.57) .109
Sexual orientation (Straight)

Lesbian/gay 3.15 (2.30-4.31) .001 4.58 (3.54-5.92) <.001 3.76 (2.89-4.89) <.001 2.66 (1.83-3.87) <.001

Bisexual 3.55 (3.04-4.14) .001 5.12 (4.41-6.17) <.001 4.65 (3.89-5.56) <.001 3.65 (2.86-4.67) <.001

Unsure 2.00 (1.52-2.63) .001 2.80 (2.15-3.64) <.001 2.79 (2.19-3.56) <.001 1.81 (1.30-2.51) .001
Race/ethnicity (non-Hispanic White)

Black/African American 1.02 (0.85-1.22) .852 1.02 (0.81-1.28) .891 1.09 (0.81-1.46) 577 1.81 (1.27-2.57) .001

Hispanic 1.46 (1.28-1.66) .001 0.98 (0.85-1.12) .743 1.13 (0.97-1.31) 115 1.35 (1.04-1.74) .023

Other 1.46 (1.27-1.69) .001 1.54 (1.27-1.87) <.001 1.70 (1.40-2.07) <.001 1.97 (1.61-2.41) <.001
Victim of sexual violence (No)

Yes 2.78 (2.41-3.21) .001 2.32 (1.92-2.79) <.001 2.37 (1.92-2.92) <.001 2.74 (2.12-3.53) <.001
Victim of school bullying (No)

Yes 2.35 (2.07-2.66) .001 2.31 (2.00-2.66) <.001 2.16 (1.82-2.55) <.001 2.32 (1.81-2.97) <.001
Victim of cyberbullying (No)

Yes 1.85 (1.62-2.10) .001 1.55 (1.33-1.82) <.001 1.51 (1.25-1.82) <.001 1.82(1.39-2.38) <.001
Currently drinks alcohol (No)

Yes 1.24 (1.08-1.43) .003 1.25 (1.05-1.50) .014 1.26 (1.05-1.52) .013 1.19 (0.93-1.53) .163
Current cigarette use (No)

Yes 1.20 (0.96-1.49) .106 1.51 (1.20-1.91) .001 1.39 (1.05-1.82) .021 2.09 (1.66-2.63) <.001
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Table 5

Interaction between EVPs and gender in predicting suicidal behaviors (N = 14,285).
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Variables Main effects Symptoms of depression Suicidal ideation

Suicide plan Suicide attempts

AOR (95% C.I.) p-value AOR (95% C.L.) p-value AOR (95% C.I.) p-value AOR (95% C.L.) p-value
Use of EVPs
Former user 1.35(1.16-1.58) <.001 1.43 (1.17-1.76) .001 1.53 (1.16-2.01) .003 1.79 (1.21-2.66) .004
Current user 2.10 (1.78-2.47) <.001 1.97 (1.59-2.45) <.001 2.16 (1.70-2.76) <.001 3.51 (2.63-4.69) <.001
Gender (Male)
Female 1.81 (1.60-2.06) <.001 1.38 (1.16-1.64) <.001 1.31 (1.09-1.56) .004 1.59 (1.22-2.06) .001
Interaction effects
Use of EVPs x gender
Female x Former user 1.43 (1.13-1.81) .003 1.20 (0.92-1.56) .167 1.30 (0.96-1.75) .086 1.08 (0.67-1.75) 738
Female x Current user 1.51 (1.21-1.90) <.001 1.49 (1.14-1.94) <.001 1.35(1.01-1.83) .048 0.96 (0.67-1.37) .798
Predictive Margins with 95% Cls Predictive Margins with 95% Cls
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Fig. 1. Predicted probabilities for the interaction between EVPs use and gender
on suicidal ideation.
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Fig. 2. Predicted probabilities for the interaction between EVPs use and gender
on suicide plan.

approaches (household versus school-based) across surveys may account
for the disparities in prevalence estimates (Boyd et al., 2020). For
instance, Riehm et al. (2019) used data from the 2014 PATH study and
measured the use of EVPs and combusted cigarettes from a list of
products. Mutually exclusive exposure categories were then generated
and coded into 1) exclusive e-cigarette use, 2) exclusive combusted
cigarette use, 3) dual-product use, and 4) no use of either product.
Riehm et al. (2019) found that 6.3% of adolescents reported exclusive
use of EVPs, and 5% reported use of EVPs and combusted cigarettes.

29

Use of Electronic Vaping Products

—&— Male —@— Female

Fig. 3. Predicted probabilities for the interaction between EVPs use and gender
on suicide attempts.

Prior research has found that conventional tobacco smoking is
associated with adverse mental health outcomes among adolescents,
including depression and suicidal behaviors (Dasagi et al., 2021; Gart
and Kelly, 2015; Kahn and Wilcox, 2020; Lawrence et al., 2021; Rodelli
et al., 2018). Our findings extend the literature by showing a similar
association between EVPs use and mental health indicators. Further-
more, after adjusting for potential confounders, we found that compared
to adolescents who have never used EVPs, adolescents who currently use
EVPs had elevated odds of reporting worse mental health outcomes
(symptoms of depression and suicidal behaviors). Past studies on EVPs
use and mental health both in the U.S. (Chadi et al., 2019; Lechner et al.,
2017; Leventhal et al., 2016) and non-U.S. adolescent populations (Kim
and Kim, 2021; Lee and Lee, 2019) have observed similar findings.
These findings are further supported by observations in a recent sys-
tematic review which shows that EVPs use is associated with mental
health problems, particularly among teenagers (Becker et al., 2021).
Thus, the association between EVPs use, depressive symptoms, and
suicidal behaviors observed in this study are reasons for concern and
warrant more research attention.

Although the mechanism through which EVPs use may be associated
with depression and suicidal behaviors is less understood, some mech-
anisms have been hypothesized that may help explain our findings. First,
evidence suggests that aerosols, vapor, and other non-nicotine related
products contained in EVPs can induce oxidative stress and pro-
inflammatory responses, which is highly toxic to the brain (Lerner
et al., 2015; Taylor et al., 2016); and the developing adolescent brain is
particularly vulnerable to neurobiological oxidative damage and could
result in mental health problems (Cobley et al., 2018; Ikonomidou and
Kaindl, 2011). Second, studies show that nicotine uptake into the brain
induces hypoxic and oxidative damage, which can result in negative
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affect, emotional, cognitive, and behavioral dysregulation, thereby
potentially exacerbating depressive symptoms and suicidal behaviors
(Ruszkiewicz et al., 2020; Swann et al., 2021; Tobore, 2019). Whereas
the neural mechanisms proposed so far remain inconclusive, alarmingly,
a growing trend observed in recent literature is that EVPs have emerged
as a method of attempting suicide (Jalkanen et al., 2016; Maessen et al.,
2020; Park and Min, 2018). Third, other researchers have posited that
the association between EVPs and mental health may be more complex
and bidirectional, suggesting that poor mental health may lead to a
higher likelihood of EVPs use (Bandiera et al., 2017; Lechner et al.,
2017). One plausible explanation for this is that adolescents with mental
health struggles may use EVPs to self-soothe (Tsai et al., 2018), which
aligns with the premise of self-medication theory (Khantzian, 1997).
This is further supported by one longitudinal study, which followed
5455 college students for one year and found that depressive symptoms
at Time 1 predicted EVPs use at follow-up (Bandiera et al., 2017). It is
also possible that the association between social determinants of health
factors such as sexual violence and bullying victimization and mental
health and suicidal behaviors may occur through the use of EVPs
whereby individuals who have been victimized may resort to the use of
EVPs to self-soothe their traumatic experience that they might not be
able to control using other means.

Our findings also indicate that gender differences exist in mental
health outcomes among adolescent vapers. Adolescent females who
currently use EVPs had higher odds of experiencing symptoms of
depression, suicidal ideation, and making a suicide plan when compared
to adolescent males who currently use EVPs. Past research on health
outcomes among tobacco users in both adolescent and adult populations
have shown that females who smoke experience worse overall health
outcomes than their male counterparts who smoke (Gold et al., 1996;
Holmen et al., 2002; Kim et al., 2016; Richardson et al., 2012; Sung,
2021; Thompson et al., 2015). One potential mechanism that could
explain the poor mental health outcomes among females in our study
stems from neurobiological research, which suggests that gender dif-
ferences in the brain metabolic response to nicotine may affect mood,
behavior, and impulsivity, which could predispose females to worse
mental health outcomes (Fallon et al., 2005). An additional explanation
to the traditionally higher rates of depression and suicidal ideation
among adolescent females could be how adolescent females are social-
ized to respond to emotional distress (e.g., internalizing behaviors)
versus adolescent males (e.g., externalizing behaviors) (Bannink et al.,
2014; Bor et al., 2014). Thus, as suggested by our findings, current EVPs
use among females may serve as an external behavior to signal that a
young female is attempting to self-medicate in response to less-visible
distress (Bolton et al., 2006; Khantzian, 1997). Given the lack of
studies on the gendered differences in mental health outcomes among
adolescent EVPs users, our findings extend the limited literature in this
area and posit that although EVPs use is associated with depression and
suicidal behaviors among adolescents, this association could be worse
for females (Lee and Lee, 2019). Thus, public health authorities and
policymakers should incorporate gender-specific approaches to combat
EVPs use among teenagers. Future studies should also examine whether
the mental health effects of EVPs use also differs by race/ethnicity or
sexual orientation.

Associations between adolescent demographic characteristics and
risk factors and mental health outcomes supported prominent trends in
the related literature. Findings suggest that adolescents who identify as a
sexual and/or racial/ethnic minority (including those who identify as
“other” racially) are overall more likely to report depression symptoms
and suicidal behaviors than their heterosexual and non-Hispanic White
peers (Hatchel et al., 2019; Kann et al., 2018). Even when controlling for
demographic characteristics, participants who experienced sexual
violence and school bullying were over two times more likely to report
depression symptoms and suicidal behaviors than peers without such
experiences (Baiden et al., 2017; Baiden and Tadeo, 2020; Mitchell
et al., 2016). Both findings support the constructs of the interpersonal
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theory of suicide (Joiner, 2005; Van Orden et al., 2010), as adolescents
who identify as a minority may feel less connected and burdensome to
others because of society’s predominantly White heteronormative
narrative (Baams et al., 2015; Hollingsworth et al., 2017). Also, ado-
lescents who experience violence and who use substances (another risk
factor for mental health outcomes identified in our study) may have a
greater acquired capability to attempt suicide (Silva et al., 2015).

4.1. Study implications

The implications of this study call for additional efforts to prevent or
reduce EVPs use among adolescents. School and family health clinics
may be ideal settings to extend universal tobacco prevention programs.
School staff, pediatricians, and family physicians may play an important
role in screening for co-occurring adolescent use of EVPs and mental
health needs (Becker et al., 2021; Chadi et al., 2019). Parents and
guardians should also be educated on the harmful effects of EVPs on
adolescent mental health problems, including offering resources on how
and where their children can receive behavioral and mental health
services. As demonstrated by our findings, former and current EVPs
users will likely require support with both EVPs cessation and emotional
distress.

Currently, there are no known effective treatments for adolescent
EVPs cessation (Garey et al., 2021). A recent systematic review of
published studies on the use of EVPs and mental health among adoles-
cents and young adults noted that although EVPs manufacturers have
created brochures to help reduce underage use and misuse, this infor-
mation has several limitations (Becker et al., 2021). Based on the
smoking cessation evidence-based research, adapted group-based
behavioral interventions may be effective in supporting in-need ado-
lescents (Fanshawe et al., 2017). Parent and school administrator ac-
counts of initiating restrictions of EVPs have been mainly unsuccessful
(Chaker, 2018; Zernike, 2018), suggesting that EVPs interventions may
function best in a behavioral health setting. The continued promotion of
policies that divert EVPs marketing away from younger consumers is
also needed (Bhalerao et al., 2019).

4.2. Study limitations

There are some limitations with this study that are worth noting.
First, the findings of this study may not be generalizable to out-of-school
adolescents in the U.S., such as home-schooled teenagers and those who
frequently skip school, as the sample is made up of school-going ado-
lescents. The use of a school-based sample also suggests that the esti-
mates of EVPs use reported in this study may be underestimated as
research has shown that cigarette smoking levels are substantially
higher among adolescents who drop out of school (Bachman et al.,
2008). Second, the cross-sectional nature of the data does not allow
causal inferences. It is possible that some adolescents may have expe-
rienced symptoms of depression or suicidal behaviors prior to them
using EVPs. Hence, only an association can be inferred. Longitudinal
studies may be more beneficial in establishing directionality and po-
tential causal link between EVPs, depression, and suicidal behaviors.
Third, the use of secondary data limits our analysis to variables present
in the dataset. Although we adjusted for covariates, we were unable to
account for other known risk factors for depression and suicidal be-
haviors such as family history of mental illness, adverse childhood ex-
periences, parental factors, socioeconomic status, and environmental
factors; thus, the potential for bias due to residual confounding could not
be eliminated. Also, symptoms of depression and suicidal behaviors
were measured using a single item instead of multiple items. Future
studies should consider measuring these constructs using standardized
assessment instruments such as the Beck Depression Inventory (Beck and
Steer, 1984), which has been found to have strong psychometric prop-
erties among adolescents (Osman et al., 2008; Rausch et al., 2017).
Fourth, data on depression were obtained by self-report and may be
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subject to social desirability bias. Additionally, EVPs use was measured
using a single item. Product characteristics such as brand type, nicotine
content, flavors, and the presence of other substances such as cannabi-
noids could not be assessed. Therefore, whether a specific type of EVPs is
associated with more adverse mental health outcomes could not be
ascertained. Lastly, we were unable to explore reasons for use of EVPs
among adolescents in the study. Thus, future studies should examine
reasons for use of EVPs among adolescents with adverse mental health
and consider including theoretically important risk factors to better
understand the exact association between EVPs use and mental health
among adolescents.

4.3. Conclusion

This study expands the literature on adolescent use of EVPs and
suggests that although EVPs use may influence adverse mental health
outcomes, its use among adolescent females is associated with a more
severe risk profile for mental health outcomes. We report that use of
EVPs may predispose adolescents to depression and suicidal behaviors.
Given the increase in uptake and popularity of EVPs, ease of access and
availability, as well as aggressive and targeted advertising and market-
ing aimed at the adolescent population by vaping manufacturers, pol-
icies and prevention efforts are critically needed to curb the rise in
adolescent tobacco use trends. School-based prevention initiatives for
tobacco use should include screening for mental health conditions as
well. In addition, parents, guardians, and school staff should be included
in tobacco prevention and cessation efforts.
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