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Abstract

Rationale: Minority sexual identity appears to confer asthma
risks. Although associations between inhaled substances and
asthma are established, these have not been examined among
sexual minority youths. Given sexual minority adolescents’
disproportionately high rates of substance use, research is needed
to fill this important gap.

Objectives: Using a representative sample of adolescents from the
United States, we 1) examined associations among asthma, sexual
identity, and inhaled substance use and tested 2a) whether sexual
identity moderates relationships between asthma and inhaled
substance use and 2b) whether inhaled substance use mediates
associations between sexual identity and asthma.

Methods: Data are from the 2015 and 2017 Youth Risk Behavior
Surveillance Survey. Adolescents (n= 30,113) reported if they
were ever diagnosed with asthma, current use of cigarettes, cigars
and/or cigarillos, marijuana, and electronic vapor products and if
they ever used inhalants or synthetic marijuana. We used logistic
regression to examine associations between asthma, sexual identity,
and inhaled substance use controlling for age, race or ethnicity, and
body mass index percentile, stratified by sex.

Results: Lesbian, gay, and bisexual respondents had higher relative
risks for asthma than heterosexual youth. Sexual minority female
youths had significantly higher relative risks than heterosexual
female youths for use of every inhaled substance. There were few
sexual identity differences in inhaled substance use among male
youths. Inhaled substance use was significantly associated with
higher risks for asthma. In general, associations between each
individual inhaled substance and asthma did not differ between
sexual minority and heterosexual youths. However, when all inhaled
substances were added into the models concurrently, inhaled
substance use appeared to mediate associations with asthma among
lesbian and bisexual female youths, and partially mediated these
associations among sexual minority male youths.

Conclusions: Sexual identity and inhaled substance use appear to
play important roles in asthma risk. However, these variables do not
fully explain the risk, suggesting that other unmeasured variables
(e.g., stress and victimization) may be implicated in risks for both
inhaled substance use and asthma. It is important that clinicians
providing care to adolescents ask about sexual identity and inhaled
substance use. Effective approaches to reducing inhaled substance
use among adolescents, especially sexual minorities, are needed.
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Asthma, the most common pediatric
chronic illness, has high prevalence among
adolescents (1, 2). Uncontrolled asthma
results in frequent school absences, reduced
quality of life, and higher healthcare costs as
well as increased risk of comorbidities (e.g.,
depression, obesity) and mortality (3–5).
Vulnerability to asthma varies by age;
adolescents have a higher prevalence of
diagnosed asthma (1) and greater asthma-
related morbidity and mortality (6) than
elementary school–age youths. Although
exposure to smoke increases risk of asthma
(7), adolescents with asthma have higher
odds of smoking cigarettes and marijuana
than those without asthma (8, 9).
Additionally, compared with their peers
without asthma, adolescents with asthma
have higher prevalence of e-cigarette
use (10), and this association is independent
of cigarette andmarijuana use (9, 11). This is
particularly concerning given that
adolescent e-cigarette use has eclipsed
cigarette smoking (12, 13); however,
whether this may increase asthma risks is
still unknown.

Available research suggests that
compared with heterosexual adults, rates of
asthma are higher among sexual minority
(SM; e.g., people who identify as lesbian, gay,
or bisexual) adults, particularly SM women
(e.g., lesbian, bisexual) (14). Much less is
known about asthma among SM youths
(SMY), despite the relatively high
prevalence of asthma among adolescents (1,
2). The limited available data suggest that
SMY have a higher prevalence of lifetime
asthma than heterosexual youths (15, 16)
and that the relationship between minority
sexual identity and asthma is partially
mediated by obesity, lifetime cigarette
smoking, and bullying (16). Compared with
their heterosexual counterparts, SMY are
more likely to engage in risky health
behaviors, such as cigarette smoking (14),
and use of other inhaled substances,
including marijuana and “emerging drugs”
(17–19). However, other than cigarette
smoking, to date no research has examined
whether use of inhaled substances including
“emerging drugs” such as e-cigarettes
and synthetic marijuana among SMY
might contribute to their higher asthma
prevalence.

We used data from a representative
sample of high school students in the United
States to test three aims: 1) to examine
associations among asthma, sexual identity,
and inhaled substance use and to test 2a)

whether sexual identity moderates the
relationship between asthma and inhaled
substances and 2b) whether inhaled
substance use mediates the association
between sexual identity and asthma.

Methods

Data Source
We analyzed data from the Centers for
Disease Control and Prevention’s (CDC)
2015 and 2017 Youth Risk Behavior
Surveillance Survey (YRBS) data sets; in the
national YRBS survey, only years 2015 and
2017 included questions about sexual
identity. The national YRBS is a biennial
study of adolescent health and health
behavior using a three-stage cluster design
to obtain a representative sample of students
in grades 9 through 12 in private and public
high schools in the 50 states and the District
of Columbia (20, 21). Student participation
is anonymous and voluntary, and local
parental permission and student assent
procedures are used (20, 21). Using a
standardized protocol, trained data
collectors, who travel to each school, proctor
the survey. Students complete a self-
administered survey during the school day;
absent students complete the survey on later
dates. The CDC Institutional Review Board
reviewed and approved the national YRBS
procedures; the Columbia University Irving
Medical Center Institutional Review Board
determined that the current study was
exempt.

Measures
In 2015 and 2017, the primary outcome
asthma statuswas assessed by asking, “Has a
doctor or nurse ever told you that you have
asthma”? Adolescents reported sexual
identity by indicating whether they were
heterosexual, lesbian, gay, bisexual, or
unsure or unknown. Gender identity was
not assessed in the national data set (22) and
thus could not be included. For use of
inhaled substances, adolescents reported the
number of days in the past 30 days they used
cigarettes, cigars or cigarillos, marijuana, or
“electronic vapor products” (e.g., electronic
cigarettes, vaping pens, e-hookahs, and
hookah pens), and if they ever used
inhalants (i.e., sniffed glue, breathed the
contents of spray cans, or inhaled any paints
or sprays to get high) or synthetic
marijuana. Consistent with previous
research on asthma and substance use

(23–25), we dichotomized responses to
reflect use or not of each substance. Youths
also reported their sex, age, and race or
ethnicity, as well as their height and weight
without shoes, which the CDC uses to
calculate age- and sex-specific body mass
index (BMI) percentile (26).

Statistical Analyses
We excluded from analyses cases that had
missing data on sex or age (n= 276; 0.09%),
resulting in a final sample size of 30,113. To
make full use of the data, for any variable
with an “unsure” category or with any
missing observations, we created an “unsure
or unknown” category. For example, 1,244
respondents reported they were “unsure” if
they had ever been diagnosed with asthma
and 2,515 had missing values for this
variable, giving us 3,739 respondents in the
“unsure or unknown” category for the final
asthma outcome variable.

Combining the 2015 and 2017 YRBS
data yielded a large enough sample of SMY
to permit subgroup analyses (i.e., by
sex and sexual identity). Given established
sex differences in asthma and substance use
(2, 27, 28), analyses were stratified by sex.
We calculated descriptive statistics
(i.e., counts and percentages) to characterize
the study sample and to examine asthma
prevalence by sexual identity (heterosexual,
lesbian, gay, bisexual, unsure or unknown).
We tested associations between use of each
specific inhaled substance and sexual
identity, controlling for covariates (i.e., age,
race or ethnicity, and BMI percentile).
Separate multinomial logistic regression
models were tested for each substance use
variable.

To examine whether the association
between each substance and asthma was
moderated by sexual identity, we first tested
models separately among female and male
youths that included the interaction term for
each inhaled substance variable by sexual
identity with asthma status as the outcome.
If there was a significant interaction effect,
we then examined the interaction effect by
stratifying the association between
substance use and asthma by sexual identity.
Otherwise, we refit the model for each
substance by removing the interaction term
and examining only the main effect of the
corresponding substance on asthma.

Finally, to test whether inhaled
substance use mediated associations
between sexual identity and asthma, we used
multivariable models that included the
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inhaled substance use variables, controlling
for covariates, in separate models for female
and male youths. We first built multinomial
regression models that included only sexual
identity and covariates; the final models
included all six substance use variables in
addition to sexual identity and covariates.
We compared the coefficients for sexual
identity across models and calculated the
mediation proportion (the proportion of
asthma among SMY relative to heterosexual
youths that was attributable to use of inhaled
substances) (29). Mediation is supported if
the effect of the mediator is significant in the
final multivariable models and when the
association between the predictor and the
outcome are no longer significant with the
addition of the potential mediator to the
model (30).

Data analyses were performed using
SAS 9.4 (SAS Institute) and accounted for
the complex YRBS survey design (strata
and cluster) and population weights using
PROC SURVEYLOGISTIC or PROC
SURVEYFREQ procedures. We converted
results frommultinomial logistic regressions
into relative risk ratios (RRRs) for easier
interpretation and report 95% confidence
intervals (95% CIs) to assess the direction
and strength of the associations. Consistent
with guidance provided by the CDC for
combiningmultiple national YRBS data sets,
we used the original weights from the YRBS
data (31). Significance was evaluated at a
two-sided a level of 0.05.

Results

Sample Description
The sample included 30,113 youths (grades 9–
12); 50.7% identified as female. The majority
(88.2%) identified as heterosexual, 1.9% as
lesbian or gay, 6.6% as bisexual, and 3.2% as
unsure or unknown. Most (55.9%) identified
their race or ethnicity as white, 22.3% Latina or
Latino, 12.2% Black, and 9.7% as another race
or ethnicity. Overall, 21.0% of the weighted
sample (21.4% of female and 20.6% of male
youths) reported ever having been diagnosed
with asthma. There were no differences in
asthma status by sex.

Prevalence of Asthma by
Sexual Identity
Table 1 presents the weighted prevalence
estimates of asthma by sexual identity.
Prevalence rates were higher among lesbian
or gay (28.1%) and bisexual (26.2%) youths

than heterosexual (21.0%) and unsure or
unknown (16.1%) youths. Controlling for
age, race or ethnicity, and BMI percentile,
SMY had significantly higher relative risk
for asthma than their heterosexual
counterparts (seeModel 1, Table 4). Lesbian
and bisexual female youths had 42% and
26% times higher relative risk of asthma,
respectively. Among male youths, gay and
bisexual youths had 74% and 68% higher
relative risk of asthma than their
heterosexual counterparts. Unsure or
unknown youths’ relative risk for asthma
did not differ from heterosexual youths.

Use of Inhaled Substances by Sex and
Sexual Identity
Table 2 presents results of the adjusted
associations between sexual identity and use
of each inhaled substance separately for
female and male youths (Models 1 and 2 in
Table 2, respectively). Adjusting for
covariates, lesbian and bisexual female
youths had higher relative risks than their
heterosexual peers of using every inhaled
substance, whereas we found few sexual
identity differences among male youths.
Lesbian female youths had 61–171% higher
relative risk of reporting use of every inhaled
substance. Relative risk of each inhaled
substance was highest among bisexual
female youths compared with heterosexual
female youths (range = 79–189%). Female
youths whose sexual identity was unsure or
unknown reported higher relative risks of
cigar smoking (41% higher) and inhalant
use (71% higher).

Gay male youths had 301% and 104%
higher relative risks of reporting inhalant
use and synthetic marijuana use,
respectively, than heterosexual male youths.
Bisexual male youths had higher relative
risks of reporting cigarette smoking (82%
higher) and inhalant use (204% higher).
Male youths with unsure or unknown sexual
identity had 163% and 53% higher relative
risks of inhalant and synthetic marijuana
use, respectively.

Moderation Analyses
We tested the interactions between sexual
identity and each inhaled substance
separately for female and male youths
adjusting for key covariates. None of the
interaction terms were significant with the
exception of synthetic marijuana use among
female youths (RRR [ever synthetic
marijuana3 lesbian] = 4.26; 95% CI, 1.52–
4.56). For female heterosexual youths, there

was a positive relationship between asthma
and synthetic marijuana use (RRR= 1.38;
95% CI, 1.02–1.87). However, among
lesbian youths, the positive relationship
between asthma and synthetic marijuana
was stronger (RRR= 5.88; 95% CI, 2.10–
16.60). There were no other significant
moderation effects. As detailed in Table 3,
there were positive associations between
asthma and each substance use variable
among both female and male youths.

Mediation Analyses
Table 4 presents the results from sex-
stratified multivariable models used to test
associations between asthma and sexual
identity, adjusting for age, race or ethnicity,
and BMI (Model 1); Model 2 adds inhaled
substance use as a potential mediator. For
both females and males, the use of inhaled
substance variables was significant in the
final multivariable regression models,
suggesting mediation.

Panel A presents results for female
youths. Use of inhaled substances accounted
for 12% of the higher relative risks for
asthma for lesbian youths (calculated by the
change in relative risk ratio from Model 1 to
Model 2; e.g., RRR 1.42 in Model 1 minus
RRR 1.30 in Model 2 = 0.12 or 12%) and 9%
of the higher relative risks for bisexual
female youths compared with heterosexual
female youths. Notably, however, when
inhaled substances were added in Model 2,
the associations between asthma and sexual
identity for lesbian and bisexual women
were no longer significant. This suggests that
when inhaled substance use was added to
the model, the disparities between SM and
heterosexual female youths is reduced
because inhaled substances explain at least
some of the higher risks among lesbian and
bisexual female youths compared with their
heterosexual peers.

Inhaled substance use accounted for
12% of the higher relative risks of asthma
among gay male youths and 7% of the higher
relative risks among bisexual male youths
(Panel B). Thus, when inhaled substances
were added to the model for male youths, the
associations between asthma and sexual
identity remained significant for gay and
bisexual youths, suggesting partial mediation.

Discussion

Despite their higher prevalence of asthma,
to our knowledge, this is the first study to
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examine associations between asthma and
inhaled substance use among SMY.
Consistent with previous research (16),
SMY in the current study evidenced higher
rates of asthma than heterosexual youths.
Compared with heterosexual female youths,
rates of each inhaled substance were higher
among lesbian and bisexual female youths
than among their heterosexual peers.
Relative to heterosexual male youths,
inhalant use was more prevalent among gay,
bisexual, and unsure or unknown male
youths and synthetic marijuana use was
more prevalent among gay and unsure male
youths.

Overall, inhaled substance use was
associated with increased risk of asthma,
particularly among female SMY. Although
SMY have higher rates of inhaled substance
use and higher rates of asthma, there were
few sexual identity differences in the
associations between asthma and use of
specific types of inhaled substances. For
example, the association between synthetic
marijuana and asthma was significant for
heterosexual female youths but stronger for
lesbian female youths. However, when all
inhaled substances were added to the model,
use of inhaled substances mediated the
associations between asthma and substance
use among both lesbian and bisexual female
youths and among gay and bisexual male
youths. This suggests that lesbian and
bisexual female youths’ greater use of
inhaled substances may account for their
increased asthma risks. However, for gay
and bisexual male youths, there was still a
significant association between sexual
identity and asthma risks, even when
inhaled substance use was added to the
model. This suggests that other unmeasured
variables may partially account for gay and
bisexual male youths’ higher asthma risks.
Below we highlight the potential roles of
stress and victimization in higher risks for
both inhaled substances and asthma.

Our findings of higher prevalence of
inhaled substances among SM female
youths is consistent with the literature.
Despite national declines in cigarette
smoking rates, SM people are more likely
than heterosexuals to smoke (32–34); SMY
start smoking earlier and smoke more
heavily than heterosexual youths (32).
Sexual orientation–related disparities in
tobacco use have not changed over time
among male youths (32). However, such
disparities are widening among female
youths; use of tobacco among female SMYT
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(and adult SM women) has increased over
time, and rates of smoking at an early age
among these groups have also increased (35).

Although multiple studies have
assessed cigarette smoking among SMY,
there is limited information about SMY’s
use of marijuana or alternative tobacco
products, such as e-cigarettes, cigars, or
hookahs (17, 18). SM adults are more likely
than heterosexual adults to have ever used
alternative tobacco products such as these
(36); however, asthma-related risk
associated with use of these products is
poorly understood. Given higher rates of use
of marijuana and alternative tobacco
products (19, 34, 37–39) as well as higher
rates of inhalant use (34) among SMs,
additional research is needed to understand
their contributions to asthma risk.

One possible contributor to both the
higher rates of inhaled substance use and

higher asthma prevalence among SMY is
stress. Inhaled substances may be a marker
for higher rates of stress and other
unmeasured variables that may increase
risks for asthma. Chronic psychosocial
stress due to racism, poverty, stigma,
adverse childhood events, and exposure to
neighborhood violence have been linked to
higher risks for substance use (29, 37, 40,
41), as well as to asthma diagnosis and to
greater asthma morbidity (42–44). A
potential mechanism for this association is
related to changes in the methylation and
expression of genes that respond to stress. In
addition, some research has suggested
chronically stressed individuals are
predisposed to asthma (45). Stressful life
events—such as victimization,
discrimination, bullying, and
homophobia—increase wear and tear on the
body, which can lead to negative health

outcomes (46). Stress increases the
likelihood of engaging in unhealthy
behaviors (37), such as inhaled substance
use, that may also increase risk of asthma.

SMY experience the typical stresses and
strains of adolescence as well as stress
associated with their minority sexual
identity (40, 47, 48), which, coupled with the
higher rates of inhaled substances, may put
them at higher risk of developing asthma.
This may be particularly true for female
SMY as limited research shows that they
have higher rates of life stressors (49), higher
rates of bullying (48), and higher rates of
dating violence (50) than do heterosexual
female youths, putting them at increased
risk for inhaled substances. These same
studies, however, show minimal to no
differences between the stressors
experienced by female and male SMY. Thus,
the reasons that female SMY use inhaled
substances, as well as other substances such
as alcohol, at higher rates than do male SMY
are poorly understood. Differences in
substance use may be explained by positive
expectancies, peer norms, and gender
expression (48). Sexual identity and sex
differences in substance use may also be
explained by differences in coping (41) and
levels of sexual identity disclosure (51).

Perceived acceptability of substance
use, which may be influenced by peers and
peer groups, may additionally be associated
with increased risks among SMY (52, 53).
Acceptability of tobacco use may be related
to tobacco companies’ having designed
vaping products and advertisements that
appeal directly to youths (54). Just as

Table 2. Main effects of sexual identity on use of each inhaled substance stratified by sex adjusting for BMI, race or ethnicity, and age
(N= 30,113)

Inhaled Substance Use

Cigarette Smoking
RRR (95% CI)

Cigars
RRR (95% CI)

Marijuana
RRR (95% CI)

Electronic Vapor
Products

RRR (95% CI)

Inhalants
RRR (95% CI)

Synthetic
Marijuana

RRR (95% CI)

Model 1. Among female youths (ref heterosexual) (n=15,275)
Lesbian 2.70 (1.75–4.17) 2.71 (1.72–4.26) 2.42 (1.81–3.25) 1.61 (1.11–2.34) 2.25 (1.34–3.79) 2.25 (1.48–3.42)
Bisexual 2.89 (2.34–3.57) 2.05 (1.64–2.56) 2.25 (1.86–2.72) 1.79 (1.46–2.21) 2.48 (1.93–3.18) 2.21 (1.77–2.77)
Unsure or
Unknown

1.27 (0.71–2.25) 1.41 (0.93–2.15) 1.03 (0.62–1.70) 1.02 (0.59–1.75) 1.71 (1.21–2.47) 1.15 (0.69–1.91)

Model 2. Among male youths (ref heterosexual) (n=14,838)
Gay 1.55 (0.98–2.47) 1.28 (0.73–2.26) 1.26 (0.80–1.99) 0.82 (0.55–1.24) 4.01 (2.21–7.31) 2.04 (1.25–3.35)
Bisexual 1.82 (1.19–2.80) 1.27 (0.86–1.86) 1.17 (0.82–1.67) 0.99 (0.55–1.24) 3.04 (1.97–4.68) 1.48 (0.93–2.38)
Unsure or
Unknown

1.17 (0.83–1.64) 1.21 (0.92–1.59) 0.92 (0.73–1.17) 1.00 (0.74–1.35) 2.63 (2.03–3.41) 1.53 (1.13–2.06)

Definition of abbreviations: BMI = body mass index; CI = confidence interval; ref = reference; RRR= relative risk ratio.

Table 3. Main effects of each inhaled substance use on asthma stratified by sex
adjusting for sexual identity, age, race or ethnicity, and BMI

Model 1. Among Females
(n=15,275)

RRR (95% CI)

Model 2. Among Males
(n=14,838)

RRR (95% CI)

Cigarettes 1.41 (1.61–1.72) 1.35 (1.10–1.65)
Cigars 1.58 (1.28–1.96) 1.35 (1.14–1.62)
Electronic vapor products 1.46 (1.21–1.77) 1.28 (1.12–1.45)
Inhalants 1.51 (1.24–1.84) 1.88 (1.36–2.59)
Synthetic marijuana —* 1.66 (1.32–2.08)

Definition of abbreviations: BMI = body mass index; CI = confidence interval; RRR= relative risk ratio.
To be parsimonious, results from those whose asthma diagnosis is unknown unsure are not presented
in the table but were included in the model. Data available upon request.
*Main effect for synthetic marijuana not reported owing to significant interaction term; see RESULTS

section.
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tobacco companies target cigarette ads
to other vulnerable populations (e.g.,
menthol cigarettes in African American
neighborhoods (55) and Camel cigarettes to
youths), marketing efforts target the LGBTQ
(lesbian, gay, bisexual, transgender, queer or
questioning) community (56). There is
some evidence that such marketing may
play a role in SMY’s risks for cigarette
smoking, possibly by influencing social
norms and perceptions of acceptability (53).
Despite the associated health risks,
restrictions have yet to be enacted and
youths continue to be exposed to the
dangers of nicotine addiction; youths who
vape are four times as likely to start smoking
cigarettes (57), and youths who use flavored
products are more likely to report poly
tobacco use (58).

Limitations
This study has several limitations to be
considered in evaluating the findings,
including limitations in the measurement of
asthma. The national YRBS asked about
sexual identity only in 2015 and 2017, and in
these years, youths were only asked if they
had ever been told by a healthcare
professional that they had asthma. Current
asthma was assessed only in 2007–2011.
Respondents were asked about asthma
symptom severity or about uncontrolled
asthma only in 2003 and 2005. Furthermore,
as the YRBS excludes youths who are not in

school, asthma prevalence and prevalence
of inhaled substance use may be
underestimated. SMY are at particularly
high risk of missing school days, dropping
out of school, and homelessness, suggesting
particularly high-risk groups may be
excluded (59). In 2017, several states and
large urban school districts piloted a
question about transgender identity in local
YRBS surveys (22). However, the national
survey does not include this question,
precluding comparisons between
transgender and cisgender youths.
Transgender youth report significantly
higher rates of inhaled substance use than
their cisgender peers (22), making it
important to consider the associations
between asthma and inhaled substance use
in this population (60). Synthetic marijuana
and inhalant use were only assessed in terms
of ever use; current use was not assessed.
Given the cross-sectional study design,
temporality or causality could not be
determined; it is unclear whether the
diagnosis of asthma occurred before or after
the initiation of inhaled substance use.
Future research should examine frequency
and quantity of use of these substances to
more fully understand their association with
asthma risk.

This study represents an important
early attempt to understand sexual identity–
related asthma disparities. Our use of a
large, representative sample afforded a

novel opportunity to examine how sexual
identity may moderate the relationship
between inhalant use and asthma, and how
inhaled substances may explain observed
sexual identity–related differences in
asthma.

Conclusions
We used nationally representative data to
examine associations among asthma, sexual
identity, and inhaled substance use. We
found that both asthma and inhaled
substance use were positively associated
with minority sexual identity, particularly
among female youths. Our findings suggest
that variables other than inhaled substance
use may account for SMY’s higher risk of
asthma. However, evidence of the link
between inhaled substance use and asthma
among SM female youths is strong. We
recommend that asthma researchers include
assessment of sexual identity and inhaled
substance use in their studies. Findings also
highlight the importance of healthcare
providers asking about sexual identity as
health disparities are already present among
high school youths—including among
youths who are not yet sure of their sexual
identities—and should be considered in
assessments of health and health risk
behaviors. Screening youths for inhaled
substance use may provide little information
about asthma risk if clinicians do not know
(or ask about) the sexual identity of their

Table 4. Associations between sexual identity and asthma adjusting for inhalant use, age, race or ethnicity, and BMI to determine
effects of inhaled substance use on the association of sexual identify and asthma stratified by sex (mediation models)

A. Among Female Youths (n= 15,275) B. Among Male Youths (n=14,838)

Model 1*
RRR (95% CI)

Model 2*†

RRR (95% CI)
Model 1*

RRR (95% CI)
Model 2*†

RRR (95% CI)

Sexual identity (ref heterosexual)
Heterosexual — — — —
Lesbian or Gay 1.42 (1.00–2.02) 1.30 (0.91–1.86) 1.74 (1.27–2.39) 1.62 (1.19–2.22)
Bisexual 1.26 (1.04–1.53) 1.17 (0.96–1.42) 1.68 (1.19–2.40) 1.61 (1.13–2.31)
Unsure 0.81 (0.53–1.23) 0.80 (0.54–1.18) 1.02 (0.82–1.28) 0.99 (0.77–1.26)

Inhaled substance
Cigarette smoking — 1.03 (0.83–1.28) — 0.99 (0.80–1.22)
Cigar or cigarillos — 1.21 (0.98–1.49) — 1.00 (0.88–1.29)
Marijuana — 1.16 (1.00–1.36) — 1.11 (0.95–1.30)
Electronic vapor products — 1.26 (1.02–1.55) — 1.07 (0.93–1.23)
Inhalant — 1.36 (1.11–1.67) — 1.59 (1.17–2.17)
Synthetic marijuana — 1.07 (0.81–1.41) — 1.35 (1.07–1.71)

Definition of abbreviations: BMI = body mass index; CI = confidence interval; ref = reference; RRR= relative risk ratio.
To be parsimonious, results from those whose asthma diagnosis is unknown or unsure are not presented in the table but were included in the model. Data
available upon request.
*Model adjusted for age, race or ethnicity, and BMI.
†Inhaled substance use is included as a potential mediator.

ORIGINAL RESEARCH

278 AnnalsATS Volume 18 Number 2| February 2021



young patients. Providers should also be
aware not only that female SMY are at
higher risk for inhaled substance use but also
that early initiation of smoking behaviors
(and perhaps early initiation of other
inhaled substances) is a strong contributor
to adult smoking among SM women (61).
Early interventions are critical to disrupt
this pathway.

Although little is known about
prevention and intervention of substance

use among SMY (62, 63), specialized
programs tailored for LGBTQ adults are
known to support smoking cessation (62).
Healthcare providers working with SMY
who use inhaled substances use should
provide counseling and referral, preferably
to programs that offer culturally sensitive
care and specialized SMY-oriented
interventions. School- and community-
based interventions including Gay and
Straight Alliance groups and programs such

as Safe Spaces, training educators to be more
supportive, and antibullying programs may
provide buffers and tools to reduce stress and
improve health and wellbeing among SMY
(64, 65). These may further decrease the
potential root causes of sexual identity–related
disparities in asthma and inhaled substance
use, as well as other health concerns. n

Author disclosures are available with the text
of this article at www.atsjournals.org.

References

1 Zahran HS, Bailey CM, Damon SA, Garbe PL, Breysse PN. Vital signs:
asthma in children - United States, 2001–2016. MMWR Morb Mortal
Wkly Rep 2018;67:149–155.

2 Bruzzese J-M, Kingston S, Falletta KA, Bruzelius E, Poghosyan L.
Individual and neighborhood factors associated with undiagnosed
asthma in a large cohort of urban adolescents. J Urban Health 2019;
96:252–261.

3 Schneider T. Asthma and academic performance among children and
youth in North America: a systematic review. J Sch Health 2020;90:
319–342.

4 Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M, Johnson CA,
et al.; Centers for Disease Control. Trends in asthma prevalence,
health care use, and mortality in the United States, 2001-2010. NCHS
Data Brief 2012;94:1–8.

5 Murphy KR, Meltzer EO, Blaiss MS, Nathan RA, Stoloff SW, Doherty DE.
Asthma management and control in the United States: results of the
2009 Asthma Insight and Management survey. Allergy Asthma Proc
2012;33:54–64.

6 Sullivan P, Ghushchyan VG, NavaratnamP, Friedman HS, Kavati A, Ortiz
B, et al. School absence and productivity outcomes associated with
childhood asthma in the USA. J Asthma 2018;55:161–168.

7 US Department of Health and Human Services. National Asthma
Education and Prevention Program, Third Expert Panel on the
Diagnosis and Management of Asthma. Expert Panel Report 3:
Guidelines for the Diagnosis and Management of Asthma. Bethesda,
MD: National Heart, Lung, and Blood Institute (US); 2007 [accessed
2019 Dec 12]. Available from: https://www.ncbi.nlm.nih.gov/books/
NBK7232/.

8 Perez MF, Atuegwu NC, Oncken C, Mead EL, Mortensen EM.
Association between electronic cigarette use and asthma in never-
smokers. Ann Am Thorac Soc 2019;16:1453–1456.

9 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.

10 Fedele DA, Barnett TE, Dekevich D, Gibson-Young LM, Martinasek M,
Jagger MA. Prevalence of and beliefs about electronic cigarettes and
hookah among high school students with asthma. Ann Epidemiol
2016;26:865–869.

11 Wills TA, Choi K, Pagano I. E-cigarette use associated with asthma
independent of cigarette smoking and marijuana in a 2017 national
sample of adolescents. J Adolesc Health 2020;67:524–530.

12 Johnston LD, Miech RA, O’Malley PM, Bachman JG. Monitoring the
Future national survey results on drug use, 1975–2017: overview, key
findings on adolescent drug use. Ann Arbor, MI: Ann Arbor Institute for
Social Research, The University of Michigan; 2018.

13 Clapp PW, Jaspers I. Electronic cigarettes: their constituents and
potential links to asthma. Curr Allergy Asthma Rep 2017;17:79.

14 Blosnich J, Jarrett T, Horn K. Disparities in smoking and acute
respiratory illnesses among sexual minority young adults. Lung 2010;
188:401–407.

15 Kann L, Olsen EO, McManus T, Harris WA, Shanklin SL, Flint KH, et al.
Sexual identity, sex of sexual contacts, and health-related behaviors
among students in grades 9-12 - United States and selected sites,
2015. MMWR Surveill Summ 2016;65:1–202.

16 Curry CW, Felt D, Beach LB, Ruprecht MM, Wang X, Phillips GL II.
Lifetime asthma prevalence and correlates among US youths by
sexual identity and race/ethnicity, 2009-2017. Am J Public Health
2020;110:e1–e8.

17 Caputi TL. Sex and orientation identity matter in the substance use
behaviors of sexual minority adolescents in the United States. Drug
Alcohol Depend 2018;187:142–148.

18 Caputi TL, Smith LR, Strathdee SA, Ayers JW. Substance use among
lesbian, gay, bisexual, and questioning adolescents in the United
States, 2015. Am J Public Health 2018;108:1031–1034.

19 Azagba S, Shan L, Latham K, Qeadan F. Disparities in adult cigarette
smoking and smokeless tobacco use by sexual identity. Drug Alcohol
Depend 2020;206:107684.

20 Centers for Disease Control and Prevention (CDC). Trends in sexual risk
behavior among high school students: United States, 1990, 1991, and
1993. MMWR Morb Mortal Wkly Rep 1995;44:124–125, 131–132.

21 Brener ND, Kann L, Kinchen SA, Grunbaum JA, Whalen L, Eaton D, et al.
Methodology of the youth risk behavior surveillance system. MMWR
Recomm Rep 2004;53:1–13.

22 Johns MM, Lowry R, Andrzejewski J, Barrios LC, Demissie Z, McManus
T, et al. Transgender identity and experiences of violence
victimization, substance use, suicide risk, and sexual risk behaviors
among high school students - 19 states and large urban school
districts, 2017. MMWR Morb Mortal Wkly Rep 2019;68:67–71.

23 Turner E, Fedele DA, Thompson L, Salloum RG. Patterns of electronic
cigarette use in youth with asthma: results from a nationally
representative sample. Ann Allergy Asthma Immunol 2018;120:
220–222.

24 Reid KM, Forrest JR, Porter L. Tobacco product use among youths with
and without lifetime asthma - Florida, 2016.MMWRMorb Mortal Wkly
Rep 2018;67:599–601.

25 Martinasek MP, White RM, Wheldon CW, Gibson-Young L. Perceptions
of non-traditional tobacco products between asthmatic and non-
asthmatic college students. J Asthma 2019;56:498–504.

26 Kann L, McManus T, Harris WA, Shanklin SL, Flint KH, Queen B, et al.
Youth risk behavior surveillance - United States, 2017.MMWRSurveill
Summ 2018;67:1–114.

27 Akinbami LJ, Moorman JE, Garbe PL, Sondik EJ. Status of childhood
asthma in the United States, 1980-2007. Pediatrics 2009;123:
S131–S145.

28 Zein JG, Erzurum SC. Asthma is different in women.Curr Allergy Asthma
Rep 2015;15:28.

29 Roberts AL, Rosario M, Corliss HL, Koenen KC, Austin SB. Elevated risk
of posttraumatic stress in sexual minority youths: mediation by
childhood abuse and gender nonconformity.AmJPublic Health 2012;
102:1587–1593.

30 Baron RM, Kenny DA. The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol 1986;51:1173–1182.

ORIGINAL RESEARCH

Veldhuis, George, Everett, et al.: Inhaled Substance Use and Asthma 279

http://www.atsjournals.org/doi/suppl/10.1513/AnnalsATS.202001-062OC/suppl_file/disclosures.pdf
http://www.atsjournals.org
https://www.ncbi.nlm.nih.gov/books/NBK7232/
https://www.ncbi.nlm.nih.gov/books/NBK7232/


31 Centers for Disease Control. Youth risk behavior survey: 2017
combining YRBS data across years and sites. Atlanta, GA; 2018;67:
1–6.

32 Fish JN, Turner B, Phillips G II, Russell ST. Cigarette smoking disparities
between sexual minority and heterosexual youth. Pediatrics 2019;
143:e20181671.

33 Jamal A, Phillips E, Gentzke AS, Homa DM, Babb SD, King BA, et al.
Current cigarette smoking among adults - United States, 2016.
MMWR Morb Mortal Wkly Rep 2018;67:53–59.

34 Schuler MS, Stein BD, Collins RL. Differences in substance use
disparities across age groups in a national cross-sectional survey of
lesbian, gay, and bisexual adults. LGBT Health 2019;6:68–76.

35 Watson RJ, Lewis NM, Fish JN, Goodenow C. Sexual minority youth
continue to smoke cigarettes earlier and more often than
heterosexuals: findings from population-based data. Drug Alcohol
Depend 2018;184:64–70.

36 Nayak P, Salazar LF, Kota KK, Pechacek TF. Prevalence of use and
perceptions of risk of novel and other alternative tobacco products
among sexual minority adults: results from an online national survey,
2014-2015. Prev Med 2017;104:71–78.

37 Jabson JM, Farmer GW, Bowen DJ. Stress mediates the relationship
between sexual orientation and behavioral risk disparities. BMC
Public Health 2014;14:401.

38 Drabble LA, Trocki KF, Korcha RA, Klinger JL, Veldhuis CB, Hughes TL.
Comparing substance use andmental health outcomes among sexual
minority and heterosexual women in probability and non-probability
samples. Drug Alcohol Depend 2018;185:285–292.

39 Watson RJ, Goodenow C, Porta C, Adjei J, Saewyc E. Substance use
among sexual minorities: has it actually gotten better? Subst Use
Misuse 2018;53:1221–1228.

40 Rosario M, Corliss HL, Everett BG, Russell ST, Buchting FO, Birkett MA.
Mediation by peer violence victimization of sexual orientation
disparities in cancer-related tobacco, alcohol, and sexual risk
behaviors: pooled youth risk behavior surveys. Am J Public Health
2014;104:1113–1123.

41 Felner JK, Wisdom JP, Williams T, Katuska L, Haley SJ, Jun H-J, et al.
Stress, coping, and context: examining substance use among LGBTQ
young adults with probable substance use disorders. Psychiatr Serv
2020;71:112–120.

42 Jones BL, Staggs V, Woods-Jaeger B. Chronic stress exposure among
young African American children with asthma: racism is a factor. Ann
Allergy Asthma Immunol 2019;123:507–508.

43 Sullivan K, Thakur N. Structural and social determinants of health in
asthma in developed economies: a scoping review of literature
published between 2014 and 2019. Curr Allergy Asthma Rep
2020;20:5.

44 Yonas MA, Lange NE, Celedón JC. Psychosocial stress and asthma
morbidity. Curr Opin Allergy Clin Immunol 2012;12:202–210.

45 Rosenberg SL, Miller GE, Brehm JM, Celedón JC. Stress and asthma:
novel insights on genetic, epigenetic, and immunologic mechanisms.
J Allergy Clin Immunol 2014;134:1009–1015.

46 Lick DJ, Durso LE, Johnson KL. Minority stress and physical health
among sexual minorities. Perspect Psychol Sci 2013;8:521–548.

47 Baams L, Dubas JS, Russell ST, Buikema RL, van Aken MAG. Minority
stress, perceived burdensomeness, and depressive symptoms
among sexual minority youth. J Adolesc 2018;66:9–18.

48 Fish JN, Schulenberg JE, Russell ST. Sexual minority youth report
high-intensity binge drinking: the critical role of school victimization.
J Adolesc Health 2019;64:186–193.

49 Krueger EA, Fish JN, Upchurch DM. Sexual orientation disparities in
substance use: investigating social stress mechanisms in a national
sample. Am J Prev Med 2020;58:59–68.

50 Rostad WL, Clayton HB, Estefan LF, Johns MM. Substance use and
disparities in teen dating violence victimization by sexual identity
among high school students. Prev Sci 2020;21:398–407.

51 Feinstein BA, Dyar C, Li DH, Whitton SW, Newcomb ME, Mustanski B.
The longitudinal associations between outness and health outcomes
among gay/lesbian versus bisexual emerging adults. Arch Sex Behav
2019;48:1111–1126.

52 Long E, Valente TW. Perceived social acceptability and longitudinal
trends in adolescent cigarette smoking. Prev Sci 2019;20:824–832.

53 Hinds JT, Loukas A, Perry CL. Explaining sexual minority young adult
cigarette smoking disparities. Psychol Addict Behav 2019;33:
371–381.

54 Padon AA, Maloney EK, Cappella JN. Youth-targeted e-cigarette
marketing in the US. Tob Regul Sci 2017;3:95–101.

55 Primack BA, Bost JE, Land SR, Fine MJ. Volume of tobacco advertising
in African American markets: systematic review and meta-analysis.
Public Health Rep 2007;122:607–615.

56 Dilley JA, Spigner C, Boysun MJ, Dent CW, Pizacani BA. Does tobacco
industry marketing excessively impact lesbian, gay and bisexual
communities? Tob Control 2008;17:385–390.

57 Soneji S, Barrington-Trimis JL, Wills TA, Leventhal AM, Unger JB,
Gibson LA, et al. Association between initial use of e-cigarettes and
subsequent cigarette smoking among adolescents and young adults:
a systematic review and meta-analysis. JAMA Pediatr 2017;171:
788–797. [Published erratum appears in JAMA Pediatr 172:92–93.]

58 Mantey DS, Omega-Njemnobi O, Montgomery L. Flavored tobacco use
is associated with dual and poly tobacco use among adolescents.
Addict Behav 2019;93:269–273.

59 Kosciw JG, Palmer NA, Kull RM, Greytak EA. The effect of negative
school climate on academic outcomes for LGBT youth and the role of
in-school supports. J Sch Violence 2012;12:45–63.

60 Vogel EA, Humfleet GL, Meacham M, Prochaska JJ, Ramo DE. Sexual
and genderminority young adults’ smoking characteristics: assessing
differences by sexual orientation and gender identity. Addict Behav
2019;95:98–102.

61 Schuler MS, Collins RL. Early alcohol and smoking initiation: a
contributor to sexual minority disparities in adult use. Am J Prev Med
2019;57:808–817.

62 Matthews AK, Li C-C, Kuhns LM, Tasker TB, Cesario JA. Results from a
community-based smoking cessation treatment program for LGBT
smokers. J Environ Public Health 2013;2013:984508.

63 Remafedi G, Carol H. Preventing tobacco use among lesbian, gay,
bisexual, and transgender youths. Nicotine Tob Res 2005;7:249–256.

64 Marx RA, Kettrey HH. Gay-straight alliances are associated with lower
levels of school-based victimization of LGBTQ1 youth: a systematic
review and meta-analysis. J Youth Adolesc 2016;45:1269–1282.

65 Hatzenbuehler ML, Schwab-Reese L, Ranapurwala SI, Hertz MF,
Ramirez MR. Associations between antibullying policies and bullying
in 25 states. JAMA Pediatr 2015;169:e152411.

ORIGINAL RESEARCH

280 AnnalsATS Volume 18 Number 2| February 2021


	link2external
	link2external
	link2external

