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Abstract

Knowledge about the respiratory health consequences of adolescents’ use of tobacco products with
cannabis remains limited. We studied whether e-cigarettes, combustible cigarettes, and cannabis
were independently associated with asthma in a population-based sample of 150,634 public high
school students (10th and 12th graders), drawn in a two-stage design to be representative of the
state of California in 2019-2020. Measures were obtained for use of e-cigarettes, combustible
cigarettes, and cannabis; motives for use (three substances); method of use (for cannabis); ever
being diagnosed with asthma; and having an asthma attack in past 12 months. Cross-classification
indicated Nonuse for 64% of the sample; 15% Dual E-cigarette/Cannabis Use; 10% Exclusive
Cannabis Use; 5% Exclusive E-cigarette Use; and 5% Triple Use. Multinomial logistic regression
with a three-level criterion variable, controlling for age, sex, parental education, race/ethnicity, and
three types of household use showed that compared with Nonuse, odds of Lifetime Asthma (vs.
Never Had) was elevated for Triple Use (AOR = 1.14, Cl 1.06-1.24), Dual E-cigarette/Cannabis
Use (1.17, 1.12-1.23), Exclusive Cannabis Use (1.17, 1.11-1.23), and Exclusive E-cigarette Use
(1.10, 1.02-1.18). Similar results were noted for Recent Asthma. Among persons who had used
cannabis, 88% of the Triple group and 74% of the Dual E-cigarette/Cannabis group reported both
smoking and vaping cannabis. Thus, co-occurrence of e-cigarette and cannabis use was a common
pattern among adolescents in this study, and subgroups of cannabis and e-cigarette use showed
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similar associations with asthma. Preventive approaches should highlight the health implications
of exclusive or combined e-cigarette and cannabis use.
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1. Introduction

For the past several years, electronic nicotine delivery systems (hereafter, e-cigarettes) have
been the most commonly used tobacco product among youth (Cooper et al., 2022). Data
from 2022 show that 14% of U.S. high school students used e-cigarettes at least once in the
past 30 days (Cooper et al., 2022). The prevalence of cannabis use remains high, with 2022
data showing that overall past-year use of cannabis was 31% among 12th graders (Miech et
al., 2023). Surveillance studies indicate that exclusive use of cigarettes has been decreasing
while exclusive use of cannabis has been increasing (Chadi et al., 2019; Odani et al., 2019),
and innovative technologies for e-cigarettes have provided new ways for youth to consume
cannabis (Harrell et al., 2022; Lim et al., 2021).

E-cigarette use has been associated with asthma and other respiratory conditions among
adolescents (Schweitzer et al., 2017; Wills et al., 2020) and adults (Wills et al., 2021b; Xie
etal., 2022). Concern has also been expressed about possible adverse effects of cannabis use
on respiratory health including asthma and bronchitis (Biehl and Burnham, 2015; Chatkin
etal., 2019; Volkow et al., 2014), and given recent increases in the prevalence of use

and co-use, commentaries have suggested the possible emergence of a public health crisis
(Carlini et al., 2022; Roberts et al., 2022). However, at present there is limited knowledge
about the health consequences of current types of cannabis products in adolescence (Harrell
etal., 2022; Love, Schichlein, Clapp, and Jaspers, 2022).

Co-occurrence of use.

Recent prevalence studies have indicated a substantial correlation of e-cigarette and
marijuana use among adolescents (Chadi et al., 2019) and among adults (Odani et al., 2019).
This could be due in part to increased legalization of cannabis but could also be attributable
to comorbidity with psychiatric symptomatology and risk-taking tendencies (Jacobs et al.,
2021; Leventhal et al., 2020; Staff et al., 2020; Wills et al., 2021a). Initial e-cigarette use

is also linked in longitudinal studies to subsequent onset of cannabis use (Lim et al., 2021;
Unger et al., 2016; Cooper et al., 2022; Seidel et al., 2022). While there may be some
bidirectionality in associations (Rogers et al., 2021; Wong et al., 2020), some studies have
indicated that the primary direction is from e-cigarettes to marijuana (Bentivegna, et al.,
2021; Westling et al., 2022).

Motives for use.

Harrell et al. (Harrell et al., 2022) noted that motives reported for co-use include physical,
social, and mental health reasons, and Reboussin (2021) reported that college student co-
users (compared to marijuana-only users) were more likely to cite instrumentality reasons
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(i.e., increasing physical sensations) for use. Jacobs et al. (2021) found that nicotine vaping
was associated with lower scores for reward responsiveness, whereas cannabis vaping was
associated with lower behavioral inhibition (i.e., impulsivity). Wang et al. (2022) noted that
e-cigarette use was positively associated with vaping cannabis and that vaping cannabis was
correlated with variables such as perceiving less harm from e-cigarette use. Pedersen et

al. (2021) studied a selected sample of young adult co-users and distinguished two latent
classes of co-users; one class based on coping motives while the other was based on social
and instrumentality motives. The coping group had heavier cannabis use and more adverse
consequences of cannabis use. The diversity of samples and findings underscores the need
for further research with a broad range of measures that allow comparisons across different
substances.

The present research utilizes a grouping approach to study the implications for asthma of
adolescents’ exclusive and combined cigarette, e-cigarette, and cannabis use. A previous
grouping study with high school students demonstrated substantial co-occurrence of the
three substances and found that triple use (cigarettes, e-cigarettes, and cannabis) was
significantly elevated on psychosocial risk profile above dual use (Wills et al., 2021a).
However, this study was focused on psychosocial variables and aside from a regression-
based study by Han et al. (2020) there is little evidence on how different patterns of co-use
may be related to asthma. Grouping approaches have advantages through reducing the
impact of collinearity (e.g., of e-cigarette and marijuana use) and allowing comparisons of
naturally existing groups.

In the present research we constructed separate scores for e-cigarette use (only nicotine

or flavorings), combustible tobacco use (cigarettes), and cannabis use (either smoking or
vaping). From these variables we formed eight mutually exclusive groups of use and nonuse
in a representative sample of California high school students and tested for independent
associations with respiratory symptoms. We tested for associations of the substance use
groups with both lifetime asthma and recent asthma, hypothesizing that groups with E-
cigarette Use and Cannabis Use will both have elevated likelihood of asthma and that Triple
Use will be particularly elevated. We also tested a hypothesis, derived from clinical research,
suggesting that adolescents with asthma may be using e-cigarettes or cannabis to help

cope with disease-related comorbidities such as anxiety, depression, and sleep disturbances
(Blackman and Gurka, 2007; Boulet and Boulay, 2011; Licari et al., 2019; Zeiger et al.,
2021).

2. Methods
2.1. Study Sample

This research used deidentified data from the 2019-2020 California Student Tobacco
Survey, a 160-item school-based survey administered online during the school day. The
primary proctors of the surveys were the teachers for the selected sections, while in some
cases other school staff proctored the surveys. Instructions for teachers and proctors on how
to administer the survey were provided with the consent forms in a teacher/proctor checklist.
The study obtained a representative sample of 10th and 12th grade public school students
across California using random sampling of schools within 35 geographic regions (Zhu et
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al., 2021). This survey used a two-stage cluster sampling design, with school as the primary
sampling unit and classroom as the secondary sampling unit. In total, 311 high schools and
150,634 high school students participated.

Parental consent procedures were based on school district guidelines, some districts
requiring signed parental consent while others used alternative consent (opt-out) procedures.
An assent form presented to eligible students informed them that their participation was
confidential and their responses could not be identified. Assenting students thus participated
with voluntary and anonymous participation. The overall school participation rate was 79%
and the high school student participation rate was 68%. The procedures were approved by
the Institutional Review Board for the University of California San Diego and the California
State Committee for the Protection of Human Subjects.

2.2. Measures

Measures used in the analysis are described in Table 1. These include items on
demographics, adolescent substance use, household substance use, and adolescents’ motives
for use of cigarettes, e-cigarettes, and cannabis. The criterion measures were student reports
of lifetime diagnosis of asthma and recent asthma attack.

E-cigarette measures were based on items asking whether the participant had vaped (i.e.,
used e-cigarettes) Ever/In the Past 30 Days (Yes/No). For affirmative responses this was
followed by subquestions about whether the vape(s) used contained nicotine, flavorings,
or cannabis. Cigarette measures were based on items asking whether the participant

had smoked cigarettes Ever/In the Past 30 Days (Yes/No). Two items asked specifically
about cannabis use. One asked whether the participant had Ever/In Past 30 Days smoked
marijuana. The second asked whether the participant had Ever/In Past 30 Days) vaped
marijuana.

The analytic variable termed E-cigarette Use was coded if the participant reported using
e-cigarettes with only nicotine and/or flavorings. The analytic variable termed Cigarette
Smoking was coded if the participant reported consuming only tobacco in a combustible
device (e.g., cigarette). The analytic variable termed Cannabis Use was coded if the
participant reported either smoking cannabis or vaping cannabis. Thus, the coded variables
for E-cigarette Use and Cigarette Smoking were mutually exclusive with consuming
cannabis (for further details see Zhu et al., 2021).

2.3. Statistical Analyses

Prevalence estimates for the substance use and asthma variables were obtained with
weighted analyses using SAS Proc SURVEYFREQ, accounting for stratum and school
clustering. A 3-level variable was analyzed for Asthma Status: Never Had Asthma, Ever
Had Asthma/Not Past Year (Lifetime Asthma), and Ever Had Asthma/Had Asthma Attack
Past year (Recent Asthma); reports of Not Sure were coded as missing. Rates of missing
data for the substance use items were quite low (all < 1% missing); asthma items had
11% missing for lifetime asthma and 6% for recent asthma attack. Subsequent analyses
used listwise deletion for missing data. Data for ever and 30-day E-cigarette, Cigarette,
and Cannabis Use were cross-classified in two analyses to form eight groups for Ever Use
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of the substances and eight groups for Recent Use of the substances: Nonuse (never used
any of the substances); three types of Exclusive Use; three types of Dual Use; and Triple
Use (e-cigarettes, cigarettes, and cannabis). We did not analyze groupings for 30-day in
multivariable analyses because of some small cell sizes owing to the low cigarette smoking
prevalence among California adolescents.

Zero-order associations of the groups with respiratory outcomes were analyzed with
cross-tabulation analyses. Multinomial logistic regression analysis determined adjusted
associations of the substance use groups with lifetime asthma and recent asthma attack
controlling for age, sex, parental education, race/ethnicity, and 3 types of household use.
Race/ethnicity was analyzed dropping two small groups and coding race/ethnicity with
five binary variables that contrasted Asian-American, Black, Hispanic, Hispanic Multiple
Ethnicity, and Non-Hispanic Multiple Ethnicity against White as the reference group.
Substance use group was analyzed as a set of seven binary variables that contrasted
Exclusive Use (three variables), Dual Use (three variables) and Triple Use (one variable)
against Nonuse as the reference group. Tests for additive effects used planned contrasts of
groups who used 1, 2, or 3 substances, and the SAS option “estimate = prob” computed
the adjusted probability of lifetime or recent asthma for each of the groups. For a validity
check we tested the association of asthma variables with number of school days missed
using cross-tabulation frequency analysis and Proc GLM for a continuous score. For data
on motives for use, logistic regressions including covariates were performed to determine
whether motives for use (for all three substances) differed significantly between persons who
did or did not have asthma.

3. Results

A total of 150,634 students participated in the survey (54.2% 10t graders and 45.8% 12t
graders). Descriptive statistics indicated the surveyed sample was 51.7% female and mean
age was 16.2 years (SD = 1.1). The sample was 53.5% Hispanic, 20.7% Non-Hispanic
White, 12.5% Non-Hispanic Asian, 2.7% Non-Hispanic Black, 2.4% Non-Hispanic Other
Ethnicity, and 8.2% Non-Hispanic Multiple Ethnicity; 51.7% of students reported that either
of their parents had a college degree. Missed school days (in the past 30 days) ranged from
40.3% of the sample with 0 missed days to 4.2% with 11 or more missed days.

Prevalence estimates indicated prevalence of 6.5% for ever cigarette smoking and 1.2% for
recent (past 30-day) cigarette smoking. For e-cigarette use, the prevalence of e-cigarette
ever-use (either nicotine and/or flavorings) was 24.4% and recent use was 8.2%. For
cannabis use (either smoking and/or vaping cannabis), ever-use prevalence was 31.2% and
recent use was 15.0%. Prevalence was 16.5% for household smoking, 10.9% for household
e-cigarette use, and 16.8% for household cannabis use. The weighted prevalence estimate
was 19.7% for lifetime asthma and 15.1% for asthma attack in the past year among persons
with a history of asthma (3.6% of the total sample).

Weighted prevalence estimates for the substance use groups (Table 2) indicated the largest
usage groups were Dual E-cigarette+Cannabis (14.7% of the adolescent sample), Cannabis
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Only (10.9%), E-cigarette Only (4.7%), and Triple Use (E-cigarettes + Cigarettes +
Cannabis; 4.7%). Three small groups constituted only 0.4% to 0.7% of the sample.

3.1. Multinomial Analysis for Asthma Status

Cross-tabulation analyses indicated a number of significant zero-order associations with
asthma for the substance use groups (data not presented). Multinomial regression analysis
with the three-level Asthma Status variable as criterion (Table 3) involved an uncontrolled
model (Model 1) and a fully-controlled model (Model 2). In going from the uncontrolled
model to the controlled model, demographics had minimal effect on coefficients for the
substance use groups. Adding the household items reduced coefficients for some groups,
more so for Recent Asthma than for Lifetime Asthma, but standard errors for maximum
likelihood coefficients were similar. In the fully controlled model, compared with Nonuse,
the odds of lifetime asthma was significantly higher for groups with Triple Use (AOR =
1.14), Dual E-cigarette/Cannabis Use (AOR = 1.17), Exclusive Cannabis Use (AOR = 1.17),
and Exclusive E-cigarette Use (AOR = 1.10). Many of the same groups also had significant
associations with Recent Asthma. An inverse effect was noted for Dual E-cigarette/Cigarette
use (AOR = 0.71), but in the present data this was a very small group and this specific result
is discrepant from grouping analyses in contexts with higher rates of cigarette smoking (Han
et al., 2020; Wills, Choi, and Pagano 2020).

We tested three planned contrasts with either Lifetime Asthma or Recent Asthma as the
criterion: E-cigarette Only vs. Dual E-cigarette/Cannabis Use, Cannabis Only vs. Dual
E-cigarette/Cannabis Use, and Dual E-cigarette/Cannabis vs. Triple Use. All the contrasts
were nonsignificant for both Lifetime Asthma and Recent Asthma. Adjusted probabilities
for each of the groups (Appendix) were all in a similar range, consistent with the finding that
odds ratios of asthma for any use (compared with nonuse) were generally similar for each of
the groups (Table 3).

Other results indicated the odds of both Lifetime Asthma and Recent Asthma elevated for
families with higher parental education. Odds of Recent Asthma was higher for females but
odds of Lifetime Asthma was higher for males. The odds of recent asthma decreased with
age. Ethnic differences were found, but detailed discussion of these is beyond the scope of
the present paper.

To determine whether smoking or vaping cannabis was more common we categorized
cannabis use according to whether a participant had (1) only smoked cannabis, (2) only
vaped cannabis, or (3) used both methods. Use of both methods was the majority pattern
(Table 4; 65.3% overall) and was particularly common among the Dual E-cigarette/Cannabis
use (74.2%) and Triple Use (88.3%) groups. For the Cannabis Only group, the plurality
pattern was smoking (49.6%), and use of both methods was less prevalent (37.6%).

3.2. Asthma Status and Motives for Use

The motives inventory asked the participant to indicate (Yes/No) the most important reason
for his/her cigarette, e-cigarette, or cannabis use. Across substances the most frequently

endorsed reasons for e-cigarette and marijuana use were stress/anxiety relief, having a good
time with friends, and for two substances, getting a nicotine buzz (Table 5). Asterisks in the
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table show the results of logistic regression analyses testing for motive differences between
persons with versus without asthma. In general, frequencies for motive endorsements did not
differ significantly for persons with asthma and persons without asthma. For example, “get
high” was endorsed as a cannabis motive by 21% of persons without asthma and 19% of
persons with asthma (n.s.). Differences that were noted showed that compared to persons
without asthma, persons with asthma scored lower on anxiety relief (for smoking), nicotine
buzz (for e-cigarettes), and having good time with friends (all three substances). Persons
with asthma scored higher on medical/health reasons (cannabis only) but did not differ
significantly on sleep motives, and health reasons was not a frequently endorsed motive.
These results generally fail to support a reverse causation interpretation (i.e., persons taking
up e-cigarette use to cope with asthma) because the results were mostly nonsignificant or in
the opposite direction to the expected one.

3.3. Days Missed from School

Cross-tabulation for missed school days indicated for example that 38% of students without
asthma had missed 0 days (in the past 30 days) compared to 28% with recent asthma; and
11% without asthma missed 6 or more days compared to 17% with asthma; individual cell
chi-squares indicated several significant associations. A Proc GLM analysis with covariates
was conducted with a 0-4 missed-days numerical variable as the criterion. Persons with
recent asthma had a significantly higher score, adjusted M = 1.42 (SE 0.017) compared to
persons without asthma, adjusted M = 1.11 (SE 0.003), F = 338.4, p < .0001; they had
missed more school days because they were out sick and/or making doctor visits. This
provides an external validation of the self-reports of asthma.

4. Discussion

The aim of this research was to determine associations with asthma for different subgroups
of cannabis, e-cigarette, and combustible cigarette use in a representative sample of
California youth. We used a grouping approach to define groups with exclusive or co-
occurring use of these products/substances. The descriptive data showed substantial co-
occurrence of cannabis and e-cigarette use. The frequent co-occurrence of e-cigarette and
cannabis use is similar to findings from a US national sample (Wills et al., 2021a), though
because of the relatively low rate of cigarette smoking in California, the Triple Use group
was 5% of this sample compared with 17% in the national sample.

The multivariate analysis (Table 3) tested for independent associations of the adolescent
substance use groups with asthma controlling for covariates including household e-cigarette
and cannabis use, which themselves had significant associations with asthma. Significant
associations were found for two dual-use groups and two exclusive-use groups with both
Lifetime Asthma and Recent Asthma. A collateral analysis for missed school days supported
the validity of the self-reports of asthma, and analyses of motives for use generally did not
support a reverse-causation explanation. The findings are consistent with previous research
showing positive associations of e-cigarette use with asthma among adolescents (Wills et

al., 2021b), but the present results draw attention to the association of asthma with both
exclusive and combined e-cigarette or cannabis use.
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The present results are consistent with previous studies showing associations of cannabis
use with respiratory symptoms among adolescents (Braymiller et al., 2020; Han et al.,
2020), but the grouping approach circumvents the strong co-occurrence of e-cigarette and
cannabis use. We found that any type of use was problematic, as similar odds ratios and
adjusted asthma probabilities were noted for both exclusive and dual use groups (Table 3).
Planned contrasts showed that with these naturally occurring groups, using more products
did not necessarily result in greater likelihood of asthma. The hypothesis regarding triple use
received inconsistent support; triple use was sometimes, but not always, more problematic.
A programmatic implication is that prevention programs could be oriented toward deterring
any type of use. A theoretical implication is that further research should examine biological
pathways for both e-cigarettes (Clapp and Jaspers, 2017; Gordon et al., 2022) and cannabis
(Maertens et al., 2013; Singh et al., 2009; Wong et al., 2020) in relation to respiratory
disease.

Several studies have shown that e-cigarette use predicts initiation or progression of cannabis
use (Audrain-McGovern et al., 2018; Dai et al., 2018; Evans-Polce et al., 2020; Unger et al.,
2016; Wills et al., 2016; Wong et al., 2020). It is plausible that a proportion of lower-risk
adolescents begin experimentation with e-cigarettes because these are perceived to be less
hazardous than other substances (Barrington-Trimis et al., 2015; Wills et al., 2015) and they
subsequently transition to cannabis use. Further research is needed to trace pathways from
initial experimentation to dual and/or triple use (Chapman et al., 2019; Wong et al., 2020).
We note that the frequent co-occurrence of e-cigarette and cannabis use is an important
phenomenon in the current landscape of adolescent substance use (Carlini et al., 2022;
Roberts et al., 2022; Wills et al., 2021b) and needs to be emphasized as a conceptual target
for prevention programs. Results showing that smoking cannabis and vaping cannabis tend
to co-occur in high-risk groups also have implications for prevention.

Data on motives for substance use showed coping with stress and anxiety was a commonly
endorsed motive, consistent with other literature (Harrell et al., 2022). Social reasons and
“getting high” also received substantial endorsement (cf. Pedersen et al., 2021). Frequencies
of endorsement generally did not differ significantly between adolescents with and without
asthma, counter to a reverse causation hypothesis. These results suggest that prevention
programs should incorporate content that aligns with the most commaonly expressed motives.

While this research had a large representative sample and validated measures, possible
limitations can be noted. The data were cross-sectional and the study fundings do not

by themselves establish a causal relationship between product use and asthma, although
prospective evidence is available for e-cigarettes for some of the relations discussed

here (Bhatta and Glantz, 2020; Reddy et al., 2021; Xie et al., 2020; Xie et al., 2022).
Longitudinal research including cannabis would be desirable to determine the directionality
of all relationships. Also, the asthma measures did not include data about age of onset or
frequency of asthma attacks. Lastly, the definition for current asthma as having an asthma
attack in the past 12 months may differ from other studies that measure self-reported current
asthma directly.
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5. Conclusions

This study found that groups involving either cannabis or e-cigarette use both showed
significant associations with diagnosis of asthma. Moreover, co-occurrence of e-cigarette
and cannabis use was a common pattern among adolescents in this study. Further research
is needed to examine the use of inhalation products that may be associated with a diagnosis
of asthma and to the use of inhalation products among youth currently with asthma,
including studies of biological pathways for e-cigarettes and cannabis (Wills et al., 2021a).
Educational approaches should recognize the health implications of either exclusive or
combined e-cigarette and cannabis use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

The authors would like to acknowledge Dr. Shu-Hong Zhu and his team at the University of California, San Diego
for designing and administering the 2019-2020 California Student Tobacco Survey.

Funding Sources

Dr. Williams is supported by the California Healthcare Research and Prevention Tobacco Tax Act, Proposition 56.
The findings and conclusions in this article are those of the author(s) and do not necessarily represent the views
or opinions of the California Department of Public Health or the California Health and Human Services Agency.
Drs. Wills and Pagano are supported by P30 CA071789 (National Cancer Institute). Dr. Choi is supported by

the Division of Intramural Research, National Institute on Minority Health and Health Disparities. Comments and
opinions expressed belong to the authors and do not necessarily reflect those of the U.S. Government, Department
of Health and Human Services, National Institutes of Health, National Institute on Minority Health and Health
Disparities.

References

Audrain-McGovern J, Stone MD, Barrington-Trimis J, Unger JB, Leventhal AM Adolescent E-
Cigarette, hookah, and conventional cigarette use and subsequent marijuana use. Pediatrics.
2018;142(3):€20173616. doi:10.1542/peds.2017-3616. [PubMed: 30082450]

Barrington-Trimis JL, Berhane K, Unger JB, Cruz TB, Huh J, Leventhal AM, Urman R, Wang K,
Howland S, et al. Psychosocial factors associated with adolescent electronic cigarette and cigarette
use. Pediatrics. 2015;136(2):308-317. doi:10.1542/peds.2015-0639. [PubMed: 26216326]

Bentivegna K, Atuegwu NC, Oncken C, DiFranza JR, Mortensen EM Electronic Cigarettes Associated
With Incident and Polysubstance Use Among Youth. J Adolesc Health. 2021;68(1):123-129. doi:
10.1016/j.jadohealth.2020.05.026. [PubMed: 32641242]

Bhatta DN, Glantz SA Association of e-cigarette use with respiratory disease among adults: A
longitudinal analysis. Am J Prev Med. 2020;58(2):182-190. doi:10.1016/j.amepre.2019.07.028
[PubMed: 31859175]

Biehl JR, Burnham EL Cannabis Smoking in 2015: A concern for lung health? Chest.
2015;148(3):596—606. doi:10.1378/chest.15-0447. [PubMed: 25996274]

Blackman JA, Gurka MJ Developmental and behavioral comorbidities of asthma in children.

J Dev Behav Pediatr. 2007;28(2):92-99. doi: 10.1097/01.DBP.0000267557.80834.e5. [PubMed:
17435459]

Boulet LP, Boulay M Asthma-related comorbidities. Expert Rev Respir Med. 2011;5(3):377-393.
doi:10.1586/ers.11.34. [PubMed: 21702660]

Braymiller JL, Barrington-Trimis JL, Leventhal AM, Islam T, Kechter A, Krueger EA, Cho J, Lanza
I, Unger JB, et al. Assessment of nicotine and cannabis vaping and respiratory symptoms in young

Addict Behav. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

Page 10

adults. JAMA Netw Open. 2020;3(12):22030189. doi:10.1001/jamanetworkopen.2020.30189.
[PubMed: 33351085]

Carlini BH, Garrett SB, Nims LN The kids are not all right: E-cigarettes, cannabis co-use, and
an emerging public health crisis--A commentary on Roberts et al. J Stud Alcohol Drugs.
2022;83(5):771-72. 10.15288/jsad.22-00167 [PubMed: 36136449]

Chadi N, Schroeder R, Jensen JW, Levy S Association Between Electronic Cigarette Use
and Marijuana Use Among Adolescents and Young Adults: A Systematic Review and
Meta-analysis. JAMA pediatr. 2019;173(10):e192574. doi: 10.1001/jamapediatrics.2019.2574.
[PubMed: 31403684]

Chapman S, Bareham D, Maziak W The gateway effect of e-cigarettes: reflections on main criticisms.
Nicotine Tob Res. 2019;21(5):695-698. doi:10.1093/ntr/nty067. [PubMed: 29660054]

Chatkin JM, Zani-Silva L, Ferreira I, Zamel N Cannabis-associated asthma and allergies. Clin Rev
Allergy Immunol. 2019;56(2):196-206. doi:10.1007/s12016-017-8644-1. [PubMed: 28921405]
Clapp PW, Jaspers | Electronic cigarettes: their constituents and potential links to asthma. Curr Allergy

Asthma Rep. 2017;17(11):79. d0i:10.1007/s11882-017-0747-5. [PubMed: 28983782]

Cooper M, Park-Lee E, Ren C, Cornelius M, Jamal A, Cullen KA Notes from the Field: E-cigarette
Use Among Middle and High School Students — United States, 2022. MMWR Morb Mortal
WKkly Rep. 2022;71(40):1283-85. doi:10.15585/mmwr.mm7140a3. [PubMed: 36201370]

Dai H, Catley D, Richter KP, Goggin K, Ellerbeck EF, 2018. Electronic cigarettes and future marijuana
use: A longitudinal study. Pediatrics. 2018;141(5):e20173787. doi:10.1542/peds.2017-3787.
[PubMed: 29686146]

Evans-Polce RJ, Patrick ME, McCabe SE, Miech RA Prospective associations of e-cigarette use with
cigarette, alcohol, marijuana, and nonmedical prescription drug use among US adolescents. Drug
Alcohol Depend. 2020;216:108303. doi:10.1016/j.drugalcdep.2020.108303. [PubMed: 32987363]

Gordon T, Karey E, Rebuli ME, Escobar Y, Jaspers I, Chi Chen L E-cigarette toxicology. Annu Rev
Pharmacol Toxicol. 2022;6(62):301-322. doi:10.1146/annurev-pharmtox-042921-084202.

Han Y, Rosser F, Forno E, Celeddn JC Electronic vapor products, marijuana use, smoking, and
asthma in US adolescents. J Allergy Clin Immunol. 2020;145(3): 1025-1028.e6. doi:10.1016/
j.jaci.2019.12.001. [PubMed: 31830488]

Harrell MB, Clendennen SL, Sumbe A, Case KR, Mantey DS, Swan S Cannabis Vaping Among
Youth and Young Adults: a Scoping Review. Curr Addict Rep. 2022;9(3):217-234. doi: 10.1007/
540429-022-00413-y. [PubMed: 35573056]

Jacobs W, Idoko E, Montgomery L, Smith ML, Merianos AL Concurrent E-cigarette and marijuana
use and health-risk behaviors among U.S. high school students. Prev Med. 2021; 145:106429. doi:
10.1016/j.ypmed.2021.106429 [PubMed: 33476680]

Leventhal AM, Bae D, Kechter A, Barrington-Trimis JL Psychiatric comorbidity in adolescent use
and poly-use of combustible, vaporized, and edible cannabis products. J Psychiatr Res. 2020;
124:91-98. doi: 10.1016/j.jpsychires.2020.02.021. [PubMed: 32135391]

Licari A, Ciprandi R, Marseglia G, Ciprandi G Anxiety and Depression in Adolescents with Severe
Asthma and in Their Parents: Preliminary Results after 1 Year of Treatment. Behav Sci (Basel).
2019;9(7):78. doi:10.3390/bs9070078. [PubMed: 31337076]

Lim CCW, Sun T, Leung J, Chung JYC, Gartner C, Connor J, Hall W, Chiu V, Stjepanovic D, et
al. Prevalence of adolescent cannabis vaping: A systematic review and meta-analysis of US and
Canadian studies. JAMA Pediatr. 2021; 176(1):42-51. doi:10.1001/jamapediatrics.2021.4102.

Love CA, Schichlein K,D, Clapp PW, Jaspers | Cannabinoid Vaping Products Present Novel
Challenges for Assessment of Respiratory Health Effects. Toxicol Sci. 2022;188(1):1-3. doi:
10.1093/toxsci/kfac050. [PubMed: 35762656]

Maertens RM, White PA, Williams A, Yauk CL A global toxicogenomic analysis investigating the
mechanistic differences between tobacco and marijuana smoke condensates in vitro. Toxicology.
2013;308:60-73. d0i:10.1016/j.tox.2013.03.008. [PubMed: 23542559]

Miech RA, Johnston LD, Patrick ME, O’Malley PM, Bachman JG, Schulenberg JE, 2023. Monitoring
the Future National Survey Results on Drug Use, 1975-2022: Secondary School Students. Institute
for Social Research, The University of Michigan, Ann Arbor, MI.

Addict Behav. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

Page 11

Odani S, Soura BD, Tynan MA, Lavinghouze R, King BA, Agaku I, 2019. Tobacco and
Marijuana Use Among US College and Noncollege Young Adults, 2002-2016. Pediatrics. 2019;
144(6):20191372. doi: 10.1542/peds.2019-1372. [PubMed: 31712275]

Pedersen ER, Tucker JS, Davis JP, Dunbar MS, Seelam R, Rodriguez A, D’ Amico EJ Tobacco/
nicotine and marijuana co-use motives in young adults: Associations with substance use behaviors
one year later. Psychol Addict Behav. 2021;35(2):133-47. doi: 10.1037/adb0000638. [PubMed:
32551726]

Reboussin BA, Wagoner KG, Ross JC, Suerken CK, Sutfin EL Tobacco and marijuana co-use in
a cohort of young adults: Patterns, correlates and reasons for co-use. Drug Alcohol Depend.
2021;227:109000. doi: 10.1016/j.drugalcdep.2021.109000. [PubMed: 34507062]

Reddy KP, Schwamm E, Kalkhoran S, Noubary F, Walensky RP, Rigotti NA Respiratory symptom
incidence among people using electronic cigarettes, combustible tobacco, or both. Am J Respir
Crit Care Med. 2021;204(2):231-234. doi:10.1164/rccm.202012-4441LE. [PubMed: 33857396]

Roberts ME, Tackett AP, Singer JM, Wagner DD, Lu B, Wagener TL, Brinkman M, Klein
EG, Vickerman KA, et al. Dual Use of E-Cigarettes and Cannabis Among Young People in
America: A New Public Health Hurdle? J Stud Alcohol Drugs. 2022;83(5):768-70. doi: 10.15288/
jsad.2022.83.768. [PubMed: 36136448]

Rogers SM, Loukas A, Harrell MB, Chen B, Springer A, Perry CL Multidirectional Pathways of
Tobacco and Marijuana Use, Including Comorbid Use, Among Young Adults (Aged 18-25 Years)
in Texas: A Six-Wave Cross-Lagged Model. J Adolesc Health. 2021;68(1):116—-22. doi: 10.1016/
j.jadohealth.2020.05.028. [PubMed: 32631731]

Schweitzer RJ, Wills TA, Tam E, Pagano I, Choi K E-cigarette use and asthma in a multiethnic sample
of adolescents. Prev Med. 2017;105:226-231. doi:10.1016/j.ypmed.2017.09.023. [PubMed:
28964850]

Seidel AK, Morgenstern M, Galimov A, Pedersen A, Isensee B, Goecke M, Hanewinkel R Use of
Electronic Cigarettes as a Predictor of Cannabis Experimentation: A Longitudinal Study Among
German Youth. Nicotine Tob Res. 2022;24(3):366-71. doi: 10.1093/ntr/ntab166. [PubMed:
34383071]

Singh R, Sandhu J, Kaur B, Juren T, Steward WP, Segerbédck D, Farmer PB Evaluation of the DNA
damaging potential of cannabis cigarette smoke by the determination of acetaldehyde derived
N2-ethyl-2’-deoxyguanosine adducts. Chem Res Toxicol. 2009;22(6):1181-1188. doi:10.1021/
tx900106y. [PubMed: 19449825]

Staff J, Maggs JL, Seto C, Dillavou J, Vuolo M Electronic and Combustible Cigarette Use in
Adolescence: Links With Adjustment, Delinquency, and Other Substance Use. J Adolesc Health.
2020;66(1):39-47. doi: 10.1016/j.jadohealth.2019.08.030. [PubMed: 31711837]

Unger JB, Soto DW, Leventhal A E-cigarette use and subsequent cigarette and marijuana use
among Hispanic young adults. Drug and alcohol depend. 2016;163:261-264. d0i:10.1016/
j.drugalcdep.2016.04.027.

Volkow ND, Baler RD, Compton WM, Weiss SR Adverse health effects of marijuana use. N Engl J
Med. 2014;370(23):2219-2227. doi:10.1056/NEJMra1402309. [PubMed: 24897085]

Wang Y, Duan Z, Self-Brown SR, Weaver SR, Spears CA, Zheng P, Eriksen MP, Huang J Longitudinal
associations between e-cigarette use and onset of multiple modes of cannabis use among
US adolescents. Addict Behav. 2022;131:107316. doi: 10.1016/j.addbeh.2022.107316. [PubMed:
35364398]

Westling E, Rusby JC, Crowley R, Light JM A Longitudinal Study of E-Cigarette, Cigarette,
and Marijuana Use Sequence in Youth. Tob Use Insights. 2022;15:1179173x221101813. doi:
10.1177/1179173X221101813.

Wills TA, Choi K, Pagano | E-Cigarette use associated with asthma independent of cigarette smoking
and marijuana in a 2017 national sample of adolescents. J Adolesc Health. 2020;67(4):524-530.
doi:10.1016/j.jadohealth.2020.03.001. [PubMed: 32336559]

Wills TA, Gibbons FX, Sargent JD, Schweitzer RJ How is the effect of adolescent e-cigarette use
on smoking onset mediated: A longitudinal analysis. Psychol Addict Behav. 2016;30(8):876-
886.d0i:10.1037/adb0000213. [PubMed: 27669093]

Addict Behav. Author manuscript; available in PMC 2024 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Williams et al.

Page 12

Wills TA, Knight R, Williams RJ, Pagano |, Sargent JD Risk factors for exclusive e-cigarette use and
dual e-cigarette use and tobacco use in adolescents. Pediatrics. 2015;135(1):e43-51. doi:10.1542/
peds.2014-0760. [PubMed: 25511118]

Wills TA, Leventhal AM, Sargent JD, Pagano | Concurrent use of e-cigarettes, combustible cigarettes,
and marijuana. Pediatrics. 2021a;148(4):e2021050749. doi: 10.1542/peds.2021-050749. [PubMed:
34584003]

Wills TA, Soneji SS, Choi K, Jaspers I, Tam EK E-cigarette use and respiratory disorders: an
integrative review of converging evidence from epidemiological and laboratory studies. Eur Respir
J. 2021b;57(1): 1901815. doi:10.1183/13993003.01815-2019. [PubMed: 33154031]

Wong SW, Lohrmann DK, Middlestadt SE, Lin HC Is E-cigarette use a gateway to marijuana use?
Longitudinal examinations of initiation, reinitiation, and persistence of e-cigarette and marijuana
use. Drug Alcohol Depend. 2020;208:107868. doi:10.1016/j.drugalcdep.2020.107868. [PubMed:
31981994]

Xie W, Kathuria H, Galiatsatos P, Blaha MJ, Hamburg NM, Robertson RM, Bhatnagar A, Benjamin
EJ, Stokes AC Association of electronic cigarette use with incident respiratory conditions
among US adults from 2013 to 2018. JAMA Netw Open. 2020;3(11):e2020816. doi:10.1001/
jamanetworkopen.2020.20816. [PubMed: 33180127]

Xie W, Tackett AP, Berlowitz JB, Harlow AF, Kathuria H, Galiatsatos P, Fetterman JL, Cho J,

Blaha MJ, et al. Association of Electronic Cigarette Use with Respiratory Symptom Development
among U.S. Young Adults. Am J Respir Crit Care Med. 2022;205(11):1320-29. doi: 10.1164/
rcem.202107-17180C. [PubMed: 35089853]

Zeiger JS, Silvers WS, Winders TA, Hart MK, Zeiger RS Cannabis attitudes and patterns of use among
followers of the Allergy & Asthma Network. Ann Allergy Asthma Immunol. 2021;126(4):401-
410.e401.doi:10.1016/j.anai.2021.01.014. [PubMed: 33465453]

Zhu S-H, Gamst A, Zhuang Y-L, Wolfson T, Braden K, Li S, Cole AG, Wang J, 2021. Technical
Report on Analytic Methods and Approaches Used in the California Student Tobacco Survey
2019-2020. Center for Research and Intervention in Tobacco Control (CRITC), University of
California San Diego, San Diego, California.

Addict Behav. Author manuscript; available in PMC 2024 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Williams et al.

Page 13

Highlights

. The use of e-cigarette and cannabis was a common pattern among
adolescents.

. Dual use of e-cigarettes and cannabis was associated with asthma in
adolescents.

. Exclusive cannabis use was significantly associated with asthma in
adolescents.

. Preventive approaches need to address this co-occurrence.
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Table 1.

Measures for Analysis

Variable

Measure (Response Option)

Demographics

Grade What grade are you in? (10th, 12th)
Age How old are you? (14 years, 15 years, 16 years, 17 years, 18 years or older).
Sex How would you describe yourself? (male, female, female transgender, male transgender, genderqueeer, neither male nor

female, choose not to respond)

Race/Ethnicity

Race. How would you describe yourself? (American Indian/Alaska Native, Asian, Black/African American, Native
Hawaiian/Other Pacific Islander, White).

Ethnicity: Are you of Hispanic (Latino or Latina) origin? (yes, no).

Race/ethnicity: These two items were recoded in a measure of race/ethnicity that had eight mutually exclusive codes:
NonHispanic White, NonHispanic Black, Hispanic, NonHispanic Asian, NonHispanic American Indian/Alaska Native,
NonHispanic Native Hawaiian/Other Pacific Islander, NonHispanic Other Ethnicity, and NonHispanic Multiple Ethnicity

Parental
Education

Do either of your parents have a college degree? (yes, no)

Missed School
Days

In the last 30 days, how many days did you miss school, with or without permission? (0 days, 1 day, 2-5 days, 6-10 days,
11 or more days).

Substance Use

Combustible
Cigarettes

The next questions ask about cigarettes. Cigarettes (accompanied by pictures) are sold in packs and cartons; popular
brands include Marlboro, Newport, Pall Mall, Camel, and Winston.

Have you ever smoked cigarettes? (yes, no).

Have you smoked cigarettes in the last 30 days? (yes, no).

E-cigarettes

The next questions ask about vapes. Vapes are electronic devices like vape pens, e-cigarettes, e-hookah, hookah pens,
e-vaporizers, tanks, pods, or mods used to inhale a vapor. Can be used to vape many things, like nicotine, marijuana, or just
flavorings. Popular brands are JUUL, Suorin, SMOK, starbuzz, E-hookah, Zodiac Constellation, Stilizzy, Brass Knuckles,
and Heavy Hitter.

Have you ever vaped? (yes, no).

Have you vaped in the last 30 days? (yes, no).
These items were followed by subquestions about vaping nicotine, marijuana, or just flavoring.

Cannabis

Cannabis use was assessed by questions about smoking or vaping marijuana.

Ever use was assessed by two items asking “Have you ever smoked / vaped marijuana?” (yes/no)

Recent use was assessed by two items asking “Have you smoked / vaped marijuana in the last 30 days?” (yes/no)
These items were followed by subquestions about alternative modes of ingestion (e.g., edibles, liquids).

Household Use

Cigarettes. Does anyone who lives with you now smoke cigarettes? (yes, no).
E-cigarettes. Does anyone who lives with you now use vapes? (yes, no).
Cannabis. Does anyone who lives with you now use marijuana? (yes, no).

Reasons for Use

Motives. Multiple motives for smoking, vaping, and cannabis use were assessed using a range of items based on review of
existing studies. Motives for use of a given substance were assessed with a forced-choice format. The participant was given
a particular substance and asked to endorse which one of 11 (or 12) reasons for use was the most important for his/her use.
Skip patterns were employed such that the particularly motive items were only administered for persons who were users of
the given substance.

Reasons for smoking. The measure for cigarettes asked: “Which is the MOST important reason you smoke cigarettes?”
For cigarettes the possible responses were: To fit in/peer pressure; To relax or relieve stress and anxiety; For the nicotine
buzz; To focus or concentrate; It looks cool; To have a good time with my friends; Because | am ‘hooked’; To try to quit
using other products; They are available in flavors I like; I can use them unnoticed at home or at school; and To control my
weight.

Reasons for e-cigarette use. For e-cigarettes the stem was “Which is the MOST important reason you use vapes

with nicotine or just flavoring?” There were 12 response options similar to cigarettes but adding the option: Cloud
competitions.

Reasons for cannabis use. For marijuana there were 12 similar response options but including To help with sleep; To get
high; and For a medical health reason, and dropping the nicotine buzz and weight control options.

Asthma Status

Ever Had Asthma: Has a doctor or nurse ever told you that you have asthma? (yes, no).
Recent Asthma. During the past 12 months, did you have an asthma attack? (yes, no).

Addict Behav. Author manuscript; available in PMC 2024 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Williams et al.

Weighted Prevalence Estimates for Ever-Use Grouping Categories

Table 2.

% Unweighted N

Group 1. Never use of any product 63.3 | 95,359
Group 2. E-cigarette only 4.7 7,441
Group 3. Cigarette only 0.6 698
Group 4. Cannabis only 10.9 | 15,562
Group 5. Dual (E-cigarette + Cigarette) 0.4 565
Group 6. Dual (E-cigarette + Cannabis) 14.7 | 22,425
Group 7. Dual (Cigarette + Cannabis) 0.9 1,072
Group 8. Triple (E-cigarette + Cannabis + Cigarette) | 4.5 6,985

*
E-cigarette use is defined as vaping nicotine or just flavoring. Cannabis use is defined as smoking and/or vaping cannabis
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Table 4.

Smoking/Vaping Cannabis (%) By Cannabis Use Groups

Page 19

Cannabis use group

All cannabis Cannabis use only Dual use of cannabis Dual use of Triple use of
users (N=41,044) | (N=11,867) and e-cigarettes cannabis and cannabis, e-cigarettes,
(N=21,093) cigarettes (N=964) and cigarettes
(N=6,805)
Only smoke 20.7% 49.6% 8.0% 47.9% 6.6%
cannabis
Only vape 14.0% 12.8% 17.8% 7.1% 5.2%
cannabis
Smoke and vape | 65.3% 37.6% 74.2% 45.0% 88.3%
cannabis
Total 100% 100% 100% 100% 100%

Note. Data are for ever use of a product
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Results from Logistic Regressions of Participants’” Most Important Reason for Smoking Cigarettes, Vaping, or
Using Cannabis (Column %) by Lifetime or Recent Asthma Status

| Smoking Cigarette Reason

Vaping Reason

Cannabis Use Reason

Substance Use Reason by Ever Asthma Status

Reason Never had Ever had Never had Ever had Never had Ever had
Asthma Asthma Asthma Asthma Asthma Asthma
Relieve stress/anxiety 44 40 39 38 48 48
Nicotine buzz 22 25 24 22 n.a. n.a.
Good time with friends | 10 6% 13 11" 13 117
Looks cool 8 4 4 1 1
“Hooked” 4 4 3 5% 1 1
Control weight 4 7 2 3 n.a. n.a.
Focus/concentrate 3 3 3 4 3 4
Fit in / peer pressure 3 4 3 3 1 2
Quit other products 1 <1 1 1 <1 <1
Flavors | like 1 1 2 3 <1 <1
Cloud chasing na. na. 3 3 n.a. n.a.
Use unnoticed 1 2 2 3 1 2%
Medical/health na. na. na. n.a. 3 **
Sleep n.a. n.a. n.a. n.a. 8 8
Get high n.a. n.a. n.a. n.a. 21 19
100% 100% 100% 100% 100%
Asthma Marginal 75% 25% 7% 23% 7% 23%
Total N 1,500 11,381 19,398
Substance Use Reason by Recent Asthma Status
Smoking Reason Vaping Reason Cannabis Use Reason
Reason Never had Recent Asthma | Never had Recent Asthma | Never had Recent Asthma
Asthma Asthma Asthma
Relieve stress/anxiety | 44 30% 38 39 48 43
Nicotine buzz 23 24 23 17 n.a. na.
Good time with friends | 9 7 13 10% 13 11
Looks cool 7 12 3 67** 1 2
“Hooked” 4 6 3 5** <1 1%
Control weight 4 8% 2 4% n.a. n.a.
Focus/concentrate 3 5 3 5% 3 4
Fitin / peer pressure 3 5 4 3 1 3
Quit other products 1 1 1 1 <1 <1
Flavors | like 1 1 2 <1 <1

Addict Behav. Author manuscript; available in PMC 2024 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Williams et al.

Page 21

Cloud chasing na. n.a. 3 4 n.a. n.a.
Use unnoticed 1 3 2 2 1 9 **
Medical/health n.a. n.a. n.a. n.a. 3 6%
Sleep n.a. n.a. n.a. n.a. 8 8
Get high n.a. n.a. n.a. n.a. 21 19
100% 100% 100% 100% 100% 100%
Asthma Marginal 92 8% 95% 5% 95% 5%
Total N 1,569 11,805 20,240

Note. In skip patterns, motive items were only administered for participants who reported recent (30-day) use of a given substance: For smoking,
this was using combustible cigarettes; for vaping, this was using e-cigarettes with flavorings and/or nicotine; for cannabis, this was smoking
or vaping cannabis. Significance levels are from logistic regressions predicting endorsement of a given motive for persons with/without asthma

controlling for age, sex, parental education, and race/ethnicity.

indicates p < .05;

*:

*
p<.0l
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