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Abstract
Background: Psychosocial stressors may in�uence tobacco use. Few studies have examined the
association of stressors and e-cigarette use in adolescents. Therefore, we examined the associations
between psychosocial stressors and e-cigarette use among adolescents in the United States (U.S.).

Methods: Using the 2019 Youth Risk Behavior Survey data (YRBS) (N=13,677), students were categorized
as non, e-cigarette, and combustible cigarette users based on past 30-day use. The prevalence of use was
assessed by participants’ sociodemographic characteristics. Poisson regression models were used to
examine the association between stressors and e-cigarette and combustible cigarette use. To estimate
the stressor burden score, stressors were grouped into scores: 0, 1-2, 3-4, and 5-7.

Results: Overall, 65.0%, 32.7% and 6.0% were non, e-cigarette and combustible cigarettes users,
respectively. E-cigarette use prevalence was higher among students who experienced stressors than those
who did not ([bullying: 43.9% vs 29.0%]; [skipping school due to safety concerns: 48.0% vs 29.0%];
[depressive symptoms: 43.5% vs 26.5%]; [suicidal thoughts: 47.6% vs 29.3%]; [physical �ght: 51.1% vs
28.3%]; [threatened with a weapon56.4% vs 30.9%]). Similar patterns were observed with combustible
cigarette use. Students who experienced stressors were more likely to use e-cigarettes (Prevalence Ratio
[PR] range: 1.08-1.21) and combustible cigarettes (PR range: 1.34-2.06) than students who did not.
Students with higher burden scores had a higher prevalence and PR of e-cigarette use than those with
score of zero (1-2 [1.28; 95% CI:1.15-1.42]; 3-4 [1.42; 95% CI:1.23-1.65]; 5-7 [1.45; 95% CI:1.22-1.73])
(ptrends <0.001).

Conclusion: This study demonstrated signi�cant association between psychosocial stressors and e-
cigarette use.

Background
Tobacco use is often introduced and established during adolescence (de�ned as ages 10–19), with about
90% of adult combustible cigarette users in the U.S. making their �rst attempt at tobacco use by the age
of 18 and 98% by the age of 26.1,2 To date, cigarette smoking remains one of the leading preventable
causes of disease, disability, and death worldwide.1 The YRBS data indicate current cigarette smoking,
cigar smoking, and smokeless tobacco (≥ 1 day during the 30 days before the survey) has reduced
among adolescents.3 However, with the introduction of e-cigarettes and the ease at which these devices
can be purchased, there are concerns about a possible reversal of years of progressive decline in tobacco
consumption.4,5 With large-scale marketing and increased advertising by tobacco companies, e-cigarettes
have become popular and the most commonly used tobacco product in adolescents.6,7 In the recently
published Morbidity and Mortality Weekly Report, over two million middle and high school students
reported current (past 30-day) e-cigarette use, with two in �ve being frequent e-cigarette users and one in
four daily e-cigarette users.8
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E-cigarettes are handheld devices that contain aerosols which often include nicotine, additives,
aldehydes, formaldehyde, and other harmful and potentially harmful substances. Nicotine in e-cigarettes
has been linked with tobacco addiction and could harm the developing brain.9,10 Despite varying
evidence, multiple studies have shown that e-cigarettes may inadvertently serve as a gateway to the use
of other tobacco products, such as combustible cigarettes.11,12

Psychosocial stressors include short and long-term adverse life events. Prior studies have shown an
association between stressors and combustible cigarette use.13–16 However, limited studies have
examined the association between stressors and e-cigarette use in adolescents. Given the high
prevalence of e-cigarette use in adolescents, it is crucial to explore all possible factors which include
psychosocial stressors that may predispose adolescents to e-cigarette use. A longitudinal study
conducted in 2018 showed that externalizing (conduct disorder, attention-de�cit/hyperactivity disorder
[ADHD], oppositional de�ant disorder) and internalizing symptoms (anxiety, depression) predicted nearly
all tobacco use, including e-cigarette use, among youth and young adults.17 Similarly, in 2020, Doxbec et
al. showed that bullying both in school and on the internet was signi�cantly associated with e-cigarette
use among U.S sexual minority youth.18

To extend the �ndings and address the gap in the literature, we used data from the 2019 YRBS to
examine the association between a broad range of stressors and e-cigarette and combustible cigarette
use among adolescents. In addition, we examined the cumulative burden of stressors and their
association with e-cigarette use. To the best of our knowledge, no study using nationally representative
data has examined the cumulative burden of stressors on e-cigarette use among adolescents. We
hypothesize that adolescents who experience psychosocial stressors compared to those who did not will
have a higher prevalence and increased likelihood of e-cigarette use.

Methods
The data used in this study was derived from the 2019 YRBS. A nationally representative, cross-sectional
sample of U.S. high school students. The YRBS uses a three-stage cluster sample design to produce a
representative sample of 9th to 12th grade students. In the survey, each student’s record was assigned a
weighting factor to account for nonresponse and the oversampling of Black and Hispanic students.
Information are collected biennially on health-risk behaviors that contribute to the leading causes of
death and disability in students, including behaviors that contribute to unintentional injuries and violence,
including alcohol and other drug use, tobacco use, unhealthy dietary behaviors, and inadequate physical
activity.

In 2019, 78 YRBSs were administered to high school student populations in the U.S. (national and 44
states, 28 local school districts, three territories, and two tribal governments), the largest number of
participating sites with representative data since the surveillance system was established in 1991. A
detailed description of the methodology used in the YRBS can be found elsewhere.19 In 2019, 13,677
students participated in the YRBS survey, with a school-level response rate of 75% and a student-level



Page 5/17

response of 80% culminating in an overall response rate of 60%. Our study was exempted from
assessment by an institutional review board since it utilized de-identi�ed, publicly available YRBS data.

Measures

Psychosocial Stressors
The independent variable of interest was psychosocial stressors which include bullying, sexual assault,
depressive symptoms, suicidal thoughts, skipping school due to safety concerns, being involved in a
physical �ght, and being threatened with a weapon (Table 1)
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Table 1
Weighted Prevalence (95% CI) of E-Cigarette Use and Combustible Cigarette Use

Psychosocial Stressors Nonuse E-cigarette Use Combustible Cigarette
Use

Weighted Prevalence (95% Con�dence Interval)

Overall 65.0 (62.0-
67.9)

32.7 (30.7–
34.8)

6.0 (5.0-7.2)

Sex      

Female 64.4 (60.8–
67.9)

33.5 (30.9–
36.1)

4.9 (3.8–6.4)

Male 65.7 (62.7–
68.6)

32.0 (29.7–
34.3)

6.9 (5.7–8.4)

Race      

Non-Hispanic White 59.2 (55.3–
62.9)

38.3 (36.0-
40.7)

6.7 (5.3–8.4)

Non-Hispanic Black 78.3 (74.8–
81.5)

19.7 (16.9–
22.8)

3.3 (2.3–4.6)

Hispanic 71.2 (66.2–
75.6)

31.2 (28.6–
33.8)

6.0 (4.3–8.4)

Grade  

9th 73.4 (70.4–
76.1)

25.0 (22.8–
27.4)

3.8 (2.8–5.1)

10th 67.3 (63.0-
71.3)

30.5 (27.3–
33.8)

5.2 (3.9–6.9)

11th 61.8 (57.5–
65.9)

35.9 (32.3–
39.8)

5.9 (4.5–7.7)

12th 56.7 (52.9–
60.4)

40.4 (37.5–
43.4)

9.0 (7.6–10.7)

Bullying      

No 69.0 (66.1–
71.9)

29.0 (26.7–
31.4)

4.7 (3.9–5.8)

Yes 53.2 (48.9–
57.4)

43.9 (41.3–
46.6)

9.4 (7.2–12.0)

Sexual Assault  

No 66.8 (63.6–
69.9)

31.4 (29.2–
33.6)

4.8 (3.9–5.9)
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Psychosocial Stressors Nonuse E-cigarette Use Combustible Cigarette
Use

Weighted Prevalence (95% Con�dence Interval)

Yes 38.1 (32.2–
44.3)

58.5 (51.6–
65.0)

19.3 (14.7–24.8)

Skipping School Due to Safety
Concerns

     

No 66.4 (63.5–
69.3)

31.4 (29.4–
33.6)

5.3 (4.4–6.4)

Yes 48.4 (42.4–
54.4)

48.0 (43.1–
52.9)

12.8 (9.1–17.7)

Depressive symptoms      

No 71.6 (69.0–
74.0)

26.5 (24.6–
28.4)

3.9 (3.1–4.8)

Yes 54.0 (50.3–
57.6)

43.5 (40.8–
46.2)

9.2 (7.5–11.2)

Suicidal Thoughts  

No 68.7 (65.8–
71.5)

29.3 (27.2–
31.4)

4.3 (3.5–4.3)

Yes 49.4 (45.6–
53.2)

47.6 (44.6–
50.6)

12.5 (10.3–15.2)

Being Involved in Physical Fight      

No 70.7 (68.2–
73.2)

28.3 (26.3–
30.5)

3.8 (2.8-5.0)

Yes 46.1 (42.5–
49.7)

51.1 (47.8–
54.4)

14.1 (11.8–16.8)

Being Threatened with a Weapon      

No 67.1 (64.2–
69.8)

30.9 (28.9–
33.0)

4.9 (4.0-5.9)

Yes 40.6 (35.6–
45.7)

56.4 (52.2–
60.5)

19.6 (15.7–24.3)

E-cigarette And Combustible Cigarette Use
E-cigarette use was assessed with the question: “During the past 30 days, on how many days did you use
an electronic vapor product?” and combustible cigarette use was assessed with the question: “During the
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past 30 days, on how many days did you smoke cigarettes?” Participants who reported using e-cigarettes
or combustible cigarettes in the preceding 30-days of the survey were classi�ed as current users.

Other Covariate
Three sociodemographic variables: sex, grade (9th, 10th, 11th, and 12th), and race/ethnicity. Three
racial/ethnic groups were used in this study: Non-Hispanic White, non-Hispanic Black, Hispanic or Latino.
The number of participants in the other or multiracial/ethnic group was insu�cient to conduct any
meaningful analysis. Smokeless tobacco use was assessed with the question: “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?” Cigar use was assessed with the question: “During the
past 30 days, on how many days did you smoke cigars, cigarillos, or little cigars?” Marijuana was
assessed with the question: “During the past 30 days, how many times did you use marijuana?” and
alcohol use was assessed with the question: “During the past 30 days, what is the largest number of
alcoholic drinks you had in a row, that is, within a couple of hours?” Participants who reported using any
of the products or substances within the preceding 30-days of the survey, regardless of frequency of use
(cigar, smokeless tobacco, marijuana, or alcohol), were classi�ed as current users of the product

Statistical Analysis
The prevalence of students in each of the three groups (nonuse, e-cigarette, and combustible cigarette
use) was estimated by sex, race/ethnicity, and grade. Stressors examined in the study were tested for
correlation using the Pearson correlation test. Most of the stressors examined were weakly correlated
(0.11–0.30), while depression and suicide thoughts were moderately correlated (0.48).

Poisson regression models were used to examine the association between psychosocial stressors and e-
cigarette and combustible cigarette use, adjusting for sex, race/ethnicity, grade, marijuana and alcohol
use, cigar, and smokeless tobacco use. We also adjusted for e-cigarette and combustible cigarette use as
appropriate.

Each stressor was tallied to estimate the burden of psychosocial stressors and then grouped to form
burden scores (0, 1–2, 3–4, and 5–7). The prevalence of e-cigarette use was assessed across burden
scores. Then, the association between burden scores and e-cigarette use was assessed using Poisson
regression models. The prevalence ratios from the Poisson regression analysis were considered
statistically signi�cant if the 95% CIs did not contain 1.0.

All analyses were carried out on weighted data using STATA version 17. (StataCorp, College Station, Tx).
The survey command “svy” was used to account for the complex survey design used by the YRBS.

Results
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Descriptive analysis
Nationally, 65.0% of high school students did not report use of any tobacco product, 32.7% reported use
of e-cigarettes, and 6.0% reported the use of combustible cigarettes. Participants who reported having
experienced a stressor were more likely to report the use of e-cigarettes (bullying [43.9% vs. 29.0%], sexual
assault [58.5% vs 31.4%], skipping school due to safety concerns [48.0% vs 31.4%], depressive symptoms
[43.5% vs 26.5%], suicidal thoughts [47.6% vs 29.3%], being involved in physical �ght [51.1% vs 28.3%],
being threatened with a weapon [56.4% vs 30.9%]). Similar prevalence patterns were seen with
combustible cigarettes. Students who reported experiencing a stressor were more likely to report the use
of combustible cigarettes (Table 1).

Psychosocial Stressors And Tobacco Product Use
Participants who experienced bullying (PR: 1.21 [1.09–1.35]), sexual assault (PR: 1.22 [1.06–1.41]),
skipping school due to safety concerns (PR: 1.22 [1.04–1.42]), depressive symptoms (PR: 1.19 [1.08–
1.31]), being involved in a physical �ght (PR: 1.18 [1.07–1.30]), being threatened with a weapon (PR: 1.21
[1.09–1.35]) were signi�cantly more likely to use e-cigarettes compared to those who did not report
experiencing similar stressors. Similarly, participants who reported experiencing sexual assault (PR: 2.06
[1.44–2.94]), depressive symptoms (PR: 2.06 [1.44–2.94]), suicidal thoughts (PR: 1.61 [1.20–2.15]), being
involved in a physical �ght (PR: 1.43 [1.03–1.98]) were more signi�cantly more likely to use combustible
cigarettes than those who did not report the respective stressors. Students who reported suicidal thoughts
were more likely to use e-cigarettes, and students who reported skipping school due to safety concerns
and being threatened with a weapon were also more likely to use combustible cigarettes, but our �nding
was not statistically signi�cant (Table 2).
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Table 2
Association Between Stressors and Current E-cigarette and Current Combustible Cigarette Use

Psychosocial Stressors Current E-cigarette Current Combustible Cigarette

  Prevalence Ratio

  Crude Adjusteda Crude Adjustedb

Bullying        

No Reference Reference Reference Reference

Yes 1.52 (1.38–
1.66)

1.21 (1.09–
1.35)

1.97 (1.54–
2.53)

1.34 (0.94–
1.92)

Sexual Assault        

No Reference Reference Reference Reference

Yes 1.86 (1.63–
2.13)

1.22 (1.06–
1.41)

4.02 (2.98–
5.42)

2.06 (1.44–
2.94)

Skipping School Due to Safety
Concerns

       

No Reference Reference Reference Reference

Yes 1.52 (1.35–
1.73)

1.22 (1.04–
1.42)

2.40 (1.74–
3.32)

1.38 (0.98–
1.95)

Depressive symptoms        

No Reference Reference Reference Reference

Yes 1.64 (1.54–
1.75)

1.19 (1.08–
1.31)

2.38 (1.96–
2.90)

1.64 (1.24–
2.17)

Suicidal Thoughts        

No Reference Reference Reference Reference

Yes 1.63 (1.51–
1.76)

1.08 (0.98–
1.19)

2.91 (2.44–
3.48)

1.61 (1.20–
2.15)

Being Involved in a Physical
Fight

       

No Reference Reference Reference Reference

aAdjusted for sex, race, grade, combustible cigarette use, smokeless tobacco product use, cigar use,
marijuana use, and alcohol use

bAdjusted for sex, race, grade, e-cigarette use, smokeless tobacco product use, cigar use, marijuana
use, and alcohol use



Page 11/17

Psychosocial Stressors Current E-cigarette Current Combustible Cigarette

Yes 1.80 (1.67–
1.95)

1.18 (1.07–
1.30)

3.75 (2.88–
4.89)

1.43 (1.03–
1.98)

Being Threatened with a Weapon        

No Reference Reference Reference Reference

Yes 1.82 (1.69–
1.97)

1.21 (1.09–
1.35)

4.02 (3.23–
5.01)

1.50 (0.97–
2.31)

aAdjusted for sex, race, grade, combustible cigarette use, smokeless tobacco product use, cigar use,
marijuana use, and alcohol use

bAdjusted for sex, race, grade, e-cigarette use, smokeless tobacco product use, cigar use, marijuana
use, and alcohol use

E-cigarette Use And Psychosocial Stressor Burden Score
The prevalence of e-cigarette use increased with increasing psychosocial stressor burden scores.
Students having scores of 0, 1–2, 3–4, and 5–7 had a corresponding prevalence of e-cigarette use of
20.5 (95% CI: 10.5–22.6), 36.1 (95% CI: 33.6–38.7), 51.5 (95% CI: 48.1–54.9), and 69.7 (95% CI: 63.1–
75.6), respectively. A sub-analysis strati�ed by sex showed similar prevalence patterns of e-cigarette use
with increasing psychosocial stressor burden score (Fig. 1). Students with higher psychosocial stressor
burden scores were signi�cantly more likely to use e-cigarettes than students with a burden score of zero:
one to two (1.28 [95% CI: 1.15–1.42]), three to four (1.42 [95% CI: 1.23–1.65]) and �ve to seven (1.45 [95%
CI: 1.22–1.73]) (ptrend < 0.001)

(Table 3).

Table 3
Association Between Psychosocial Stressor Burden Score and Current E-cigarette Use

Burden Scores Weighted Prevalence Crude Adjusteda ptrend

    Prevalence Ratio  

0 20.5 (10.5–22.6) Ref Ref < 0.001

1–2 36.1 (33.6–38.7) 1.76 (1.61–1.93) 1.28 (1.15–1.42)  

3–4 51.5 (48.1–54.9) 2.52 (2.23–2.84) 1.42 (1.23–1.65)  

5–7 69.7 (63.1–75.6) 3.41 (3.00-3.87) 1.45 (1.22–1.73)  

aAdjusted for sex, race, grade, combustible cigarette use, smokeless tobacco product use, cigar use,
marijuana use, and alcohol use
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Discussion
Our analyses showed a signi�cant association between psychosocial stressors and adolescents' tobacco
use (e-cigarette and combustible cigarette use). Adolescents who reported experiencing any stressor had
a higher prevalence of e-cigarette and combustible cigarette use and were more likely to use these
products than those who did not report experiencing a stressor. Additionally, when stressors were grouped
to form burden scores to examine the cumulative burden of stressors on e-cigarette use, participants with
higher stressor burden scores had a higher prevalence of e-cigarette use and were more likely to use e-
cigarettes than those who reported not having experienced a stressor.

Prior studies have shown an association between stressors and combustible cigarette use. For example,
a study conducted in 2017 showed that youths who experienced more frequent peer victimization in the
�fth grade were more likely to engage in alcohol, marijuana, and tobacco use in the tenth grade.14

Similarly, Robert F. Anda et al. showed that adolescents and adults with adverse childhood experiences
such as emotional, physical, and sexual abuse had an increased risk for early smoking initiation, ever,
current, and heavy smoking.13 They also showed that persons reporting �ve or more adverse childhood
experiences had a substantially higher risk of early smoking initiation, ever, current, and heavy smoking
than participants who reported no adverse childhood experiences. These outcomes are consistent with
recent �ndings examining the relationship between poor mental health conditions and combustible
cigarette use.15,16 Consistent with existing �ndings, we also showed that stressors were signi�cantly
associated with combustible cigarette use in adolescents. Adolescents who reported experiencing a
stressor, such as sexual assault, or depressive symptoms, were more likely to use combustible cigarettes.

Limited studies that have examined the association between stressors and e-cigarette use have showed
that adolescents who experience stressors were more likely to use e-cigarette use. For example, in a study
conducted in 2020 among Canadian students, it was shown that students who were bullied compared to
students who were not were signi�cantly more likely to use e-cigarettes.20 Furthermore, it was shown that
students who were frequently bullied were more likely to frequently use e-cigarettes compared to those
who did not report being bullied. Consistent with these �ndings, we also showed that students who
experienced a stressor compared to those who did not were more likely to report the use of e-cigarettes.
However, our �ndings were extended to examine the individual and cumulative effect of varying stressors
on e-cigarette use in adolescents. Our study showed that students who had reported sexual assault,
missing school due to safety concerns, depressive symptoms, physical �ghts, and being threatened with
a weapon were more likely to use e-cigarettes than those who did not report the respective stressor. Also,
our �nding showed that with the increasing burden of stressors, there is a higher likelihood of the use of
e-cigarettes among adolescents.

There are a couple of hypothesized reasons why stressors may be associated with tobacco use in
adolescents. First, the use of tobacco products during stressful events may indicate an unhealthy coping
strategy. Coping strategies are ongoing cognitive and behavioral responses to external and internal
pressures. Adolescents with poor coping strategies are prone to engage in harmful behavior, such as the
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use of tobacco products. A study conducted in 2021 showed that among the factors responsible for
students using vaping products was the need to relieve stress.21 Second, tobacco companies' strategic
advertising directed at adolescents may entice adolescents into using tobacco products. Billions of
dollars are spent annually on marketing or advertisements, and studies have shown that advertising
increases adolescent use of tobacco products, including e-cigarettes.22 The enticing effect of advertising
may be heightened particularly during vulnerable times such as during stressful times. Peer pressure14

and the relative ease with which tobacco products, including e-cigarettes, can be obtained from retail and
online stores,23 combined with poor coping strategies and pro-tobacco advertising are all possible
reasons why the use of tobacco products and the engagement in other high-risk behaviors seem to be
positively associated with stressors and poor mental health condition in adolescents.

To restrict teenage and young adult access to and use of tobacco products, the Food and Drug
Administration (FDA) has launched signi�cant initiatives, including "The Real Cost" e-cigarette prevention
campaign 24 and tobacco-21 legislation.25 Comprehensive tobacco programs, such as the real cost, can
be supplemented with local efforts, such as the incorporation of mental health clinics within school
settings that are freely accessible to students, as well as the incorporation of organized training modules
that equip teachers with the skills necessary to respond pro-actively to students with varying mental
health conditions.

Limitations
Despite the strengths of this study which utilized a large, nationally representative dataset, �ndings of
this study should be evaluated with some caveats in mind. Recall and misclassi�cation bias cannot be
excluded considering the information provided in this study was self-reported. Also, we could not account
for certain variables that were not assessed in the YRBS such as peer pressure, home characteristics
(family size or facility), and school type (public or private) that may in�uence the association between
stressors and e-cigarette use such. Finally, considering the cross-sectional nature of the study, the timing
and directionality of the examined associations could not be ascertained hence we could not make
causal inferences.

Conclusion
The current study highlights the signi�cant positive association between stressors and the use of e-
cigarettes in adolescents. Our �ndings suggest that the inclusion and prioritization of stress reduction
and healthy coping strategies in tobacco cessation programs for adolescents may prove bene�cial in
limiting the use of e-cigarettes in this cohort.

Abbreviations
ADHD: Attention-De�cit/Hyperactivity Disorder
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CI: Con�dence Interval

FDA: Food and Drug Administration

PR: Prevalence Ratio

U.S.: United States

YRBS: Youth Risk Behavior Survey
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Figure 1
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