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Secondhand Exposure to Aerosols From
Electronic Nicotine Delivery Systems and
Asthma Exacerbations Among Youth With
Asthma
Jennifer E. Bayly, BS; Debra Bernat, PhD; Lauren Porter, PhD; and Kelvin Choi, PhD

BACKGROUND: Current research suggests an association between the use of electronic nicotine
delivery systems (ENDS) and asthma symptoms in youth, but little is known about the association of secondhand ENDS aerosol exposure and asthma control. The present study
examines the relationship of secondhand ENDS aerosol exposure and asthma exacerbations
among youth with asthma.
METHODS: Youth who participated in the 2016 Florida Youth Tobacco survey (aged 11-17
years) with a self-reported diagnosis of asthma (N ¼ 11,830) reported asthma attacks in the
past 12 months, demographic characteristics, cigarette use, cigar use, hookah use, ENDS use,
past 30-day secondhand smoke exposure, and past 30-day secondhand ENDS aerosol
exposure. Weighted multivariable logistic regression models were used to examine the association between secondhand ENDS aerosol exposure and past 12-month asthma attack
status, adjusting for covariates.

Overall, 21% of youth with asthma reported having an asthma attack in the past
12 months, and 33% reported secondhand ENDS aerosol exposure. Secondhand ENDS
aerosol exposure was associated with higher odds of reporting an asthma attack in the past
12 months, adjusting for covariates (adjusted OR, 1.27; 95% CI, 1.11-1.47).

RESULTS:

CONCLUSIONS: Secondhand exposure to ENDS aerosols may be related to asthma symptoms
in youth. Physicians may need to counsel youth with asthma regarding the potential risks of
exposure. Future research is necessary to evaluate the longitudinal relationship between
secondhand ENDS aerosol exposure and asthma control.
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The detrimental impact of secondhand smoke exposure on
health in both children and adults is well documented,
especially its association with asthma exacerbations among
youth.1 Less is known regarding the relationship between
electronic nicotine delivery systems (ENDS), which
include electronic cigarettes (e-cigarettes), and asthma.
However, a recent report by the National Academies of
Sciences, Engineering, and Medicine concluded there was
moderate evidence for “increased cough and wheeze in
adolescents who use e-cigarettes and an association with
e-cigarette use and an increase in asthma exacerbations.”2
Although previous ﬁndings regarding ENDS use and
asthma are suggestive, there is currently a lack of evidence
regarding the relationship between secondhand or passive
exposure to ENDS aerosols and asthma attacks. Few
studies have directly studied the health effects of aerosols
from ENDS; however, it does seem to contain biologically

Subject and Methods
Sample
The Florida Youth Tobacco Survey is an annual school-based crosssectional survey conducted by the Florida Department of Health.9
During even years, county-level data of the sampled schools are
collected. A two-stage cluster probability sampling procedure was
used. In the ﬁrst stage, a random sample of public middle and high
schools was selected, and in the second stage, a random sample of
classrooms was selected from within each sampled school. Within
each selected class, all students were asked to participate in the
paper-and-pencil survey. This analysis utilized data from the 2016
survey. The sampling frame included all public high schools and
middle schools in Florida’s 67 counties, and the sample comprised
753 of 756 selected schools. All counties required parental consent.
In 2016, a total of 33,558 high school students and 36,082 middle
school students participated (71% and 78% participation rates,
respectively).9 Analyses were restricted to youth between the ages of
11 and 17 years with a self-reported diagnosis of asthma (N ¼
11,830). This study is a secondary data analysis on de-identiﬁed data
and thus was determined by the National Institutes of Health Ofﬁce
of Human Subject Research Protection to be exempt from review by
the institutional review board.
Measures
Dependent Variables: All participants in the sample answered yes
when asked, “Has a doctor or nurse ever told you that you have
asthma?” (The response options were yes, no, or not sure). Asthma
exacerbations were assessed by asking participants, “During the past
12 months, did you have an asthma attack?” (The response options
were: I have never had asthma, yes, no, not sure, or I no longer have
asthma.) These answers were recoded into yes (yes) and no (all
other responses). Participants who responded that they never had
asthma were excluded from the study.
Independent Variable: Participants were considered exposed to
aerosols from ENDS if they answered yes to one or both of the
following questions: “During the past 30 days, were you in the same
room with someone who was using electronic vapor products?”;
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active components, such as nicotine, formaldehyde, and
metals.3 Furthermore, nonsmokers passively exposed to
e-cigarettes have been found to absorb nicotine.4
Although the national prevalence of secondhand ENDS
aerosol exposure is unclear, it is likely that a substantial
number of youth with asthma are exposed given that the
prevalence of ENDS use has grown. In the United States,
current ENDS use ranges from 4% among adults5 to
11% among high school students.6 Furthermore, almost
10% of US adolescents reported living with an ENDS user
in 2014,7 and a study among youth in Florida found
almost one-third reported secondhand ENDS aerosol
exposure.8 Given that youth with asthma are likely
exposed to these aerosols, it is important to understand if
and how these exposures affect health. The goal of the
present study was to examine the associations between
secondhand ENDS aerosol exposure and asthma
exacerbations among youth with asthma.

“During the past 30 days, did you ride in a car with someone
smoking electronic vapor products?”
Covariates: Demographic variables included age, sex, race/ethnicity,
metropolitan status, and housing type. Age was categorized as 11 to 13
years old and 14 to 17 years old. Participants were asked if they were
Hispanic or Latino (yes/no), as well as which category best described
them (American Indian or Alaska Native, Asian, black or African
American, Native Hawaiian or other Paciﬁc Islander, white, or
other). Race/ethnicity was categorized by recoding responses to these
questions into seven categories (Hispanic, non-Hispanic American
Indian/Alaskan Native, non-Hispanic Asian, non-Hispanic black,
non-Hispanic Native Hawaiian or other Paciﬁc Islander, nonHispanic white, and non-Hispanic other).
For metropolitan status, the 2013 National Center for Health Statistics
Urban-Rural Classiﬁcation Scheme for Counties was utilized, which
divides counties into six categorizes based on their metropolitan statistical
areas (MSA) and micropolitan statistical areas.10 Of Florida’s 67 counties,
ﬁve were large central metro (MSA of 1 million population that contains
the entire population of the largest principal city of the MSA, or are
completely contained within the largest principal city of the MSA, or
contain at least 250,000 inhabitants of any principal city of the MSA); 11
were large fringe metro (MSA of at least 1 million population that does
not qualify as large central); 19 were medium metro (MSA of 250,000999,999 population); nine were small metro (counties in MSAs <
250,000 population); seven were micropolitan (counties in micropolitan
statistical areas); and 17 were noncore (counties not in micropolitan
statistical areas). Housing status was assessed by asking participants what
type of building they live in (stand-alone single-family, trailer/mobile
home, townhouse/duplex, condominium/apartment, or other).
ENDS user status was assessed by asking participants, “Have you ever
used an electronic vapor product?” (yes/no) and “During the past
30 days, on how many days did you use an electronic vapor product?”
Participants were then categorized as never users (answered no to ever
using and indicated no ENDS use in the past 30 days); ever,
noncurrent ENDS users (answered yes to ever using but none in the
past month); and current ENDS users (participants who used ENDS
for 1 or more days in the past month). The same process was used to
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categorize participants’ use of cigarettes, cigars, and hookah. Participants
were considered exposed to secondhand smoke if they answered yes to
one or both of the following questions: “During the past 30 days, were
you in the same room with someone who was using cigarettes; “During
the past 30 days, did you ride in a car with someone smoking cigarettes?”
Statistical Analysis
Analyses were weighted to be representative of middle and high school
students in Florida and to account for clustered sampling. Analyses

Results
Overall, about one-half of the study sample was female,
and two-thirds were aged 11 to 13 years (Table 1).
Regarding race/ethnicity, about one-third self-identiﬁed
as Hispanic, another one-third self-identiﬁed as nonHispanic white, and slightly more than one-ﬁfth selfidentiﬁed as non-Hispanic black. Three-quarters of the
sample resided in large or medium metropolitan areas and
close to two-thirds lived in stand-alone homes. Between
4% and 6% of the sample reported current cigarette
smoking, cigar smoking, or hookah use. In contrast,
almost 12% reported current ENDS use. Almost one-half
of the youth were exposed to secondhand smoke, and onethird were exposed to secondhand ENDS aerosols.
Table 2 shows the weighted distribution of the sample
according to asthma exacerbations. Overall, 21% of youth
with asthma reported an asthma attack within the past
12 months. In a weighted c2 test, exposure to secondhand
ENDS aerosols was associated with reporting an asthma
attack (P < .01). In a multivariable logistic regression
model, the association between secondhand exposure to
ENDS aerosols and asthma exacerbations remained
signiﬁcant (adjusted OR, 1.27; 95% CI, 1.11-1.47) after
controlling for demographic characteristics, individual
tobacco product use (cigarettes, cigars, hookah, and
ENDS), and secondhand smoke exposure. Results from
the multivariable logistic regression model also showed
that asthma exacerbations were more prevalent among
female (vs male), non-Hispanic other (vs non-Hispanic
white), current cigarette users (vs never users), and those
exposed to secondhand smoke (P < .05). In contrast,
asthma exacerbations were less prevalent among youth
aged 14 to 17 years (vs those aged 11-13 years) and
Hispanic/non-Hispanic black subjects (vs non-Hispanic
white subjects; P < .05). Results of additional interaction
tests between secondhand ENDS aerosol exposure,
secondhand smoke exposure, and current tobacco use
were not signiﬁcant (P > .42).

Discussion
The present study found an association between
secondhand exposure to ENDS aerosols and asthma
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were performed by using survey procedures in SAS version 9.4 (SAS
Institute, Inc).
Weighted c2 tests and logistic regression models were used to test the
hypothesis that youth with self-reported asthma who were exposed to
aerosols from ENDS would be more likely to report asthma
exacerbations (past-year asthma attacks) compared with unexposed
youth with asthma, adjusting for all covariates listed earlier.
Signiﬁcance was set at P < .05.

exacerbations among youth with asthma independent of
individual tobacco product use, including cigarettes and
ENDS, as well as exposure to secondhand smoke.
Although there are only a few studies that have
examined associations between ENDS and asthma,
several have linked ENDS use with pulmonary
symptoms and asthma in youth. For instance,
McConnell et al11 found e-cigarette use increased the
likelihood of chronic bronchitis symptoms among youth
in California, whereas another study found that past 30day e-cigarette use was associated with past-year asthma
attacks among youth with asthma.12 In South Korea,
researchers found that youth who used e-cigarettes had a
higher likelihood of having an asthma diagnosis and
missing school due to asthma-related symptoms.13
However, to the best of our knowledge, no studies have
evaluated the longitudinal relationship between ENDS
use and asthma or extended these analyses to include
secondhand exposure to ENDS aerosols and asthma.
Other studies have postulated the mechanisms linking the
constituents of ENDS to lung function and asthma. A
review by Clapp and Jaspers14 discusses how aerosolized
propylene glycol and vegetable glycerin, nicotine, and
ﬂavoring agents, all found in ENDS, have each been linked
to physiological activity in the lungs that may have
implications for asthma. For instance, although propylene
glycol and vegetable glycerin are classiﬁed by the US Food
and Drug Administration as generally recognized as safe
for oral consumption, they have been less studied in their
aerosolized forms. However, they are commonly found in
theatrical smokes and fogs, and research has found
chronically exposed workers in these occupations to have
decreased lung function and increased self-reported
respiratory symptoms.15 There is also concern that
aerosolization of these compounds at high temperatures
can lead to reactive compounds that are known to be
pulmonary irritants.14 Finally, some research has shown
aerosols from ENDS contain varying amounts of these
constituents, including nicotine4 and propylene glycol
and vegetable glycerin.16 Thus, it is plausible that
exposure to ENDS aerosols due to direct use or
secondhand use has implications for lung health.
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TABLE 1

] Weighted Characteristics of the Sample,
2016 Florida Youth Tobacco Survey
(N ¼ 11,830)

Characteristic

Overall No.
(Weighted %)

Age, y
Age 11-13

7,257 (67.2)

Age 14-17

4,573 (32.8)

Sex
Female

5,965 (49.9)

Male

5,701 (50.1)

Race/ethnicity
Hispanic

2,930 (33.0)

Non-Hispanic American Indian or
Alaskan Native

178 (0.7)

Non-Hispanic Asian

280 (1.9)

Non-Hispanic black

2,190 (23.3)

Non-Hispanic Native Hawaiian or
Other Paciﬁc Islander

480 (2.6)

Non-Hispanic white

5,385 (38.3)

Metropolitan status
1,006 (12.3)

Large fringe metro

2,431 (25.7)

Medium metro

3,885 (37.6)

Small metro

1,693 (6.5)

Micropolitan

1,063 (7.8)

Noncore

1,752 (10.2)

Housing
Stand alone

7,402 (66.0)

Trailer/mobile home

1,583 (7.1)

Townhouse/duplex
Condo/apartment
Other

753 (8.7)
1,041 (12.0)
854 (6.3)

Cigarette use
Never used

9,668 (83.4)

Ever, noncurrent use

1,465 (11.5)

Current use

579 (4.1)

Undetermined

118 (1.0)

Cigar use
Never used

10,341 (87.7)

Ever, noncurrent use

806 (6.7)

Current use

535 (4.3)

Undetermined

148 (1.3)

Hookah use
Never used

9,879 (80.3)

Ever, noncurrent use

1,049 (11.5)

Current use

618 (5.8)

Undetermined

284 (2.3)
(Continued)
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] (Continued)

Characteristic

Overall No.
(Weighted %)

ENDS use
Never used

8,503 (70.4)

Ever, noncurrent use

1,788 (16.6)

Current use

1,382 (11.8)

Undetermined

157 (1.2)

Exposed to secondhand smoke
Yes

5,611 (45.4)

No

5,817 (54.6)

Exposed to secondhand ENDS aerosols
Yes

3,812 (32.8)

No

7,613 (67.2)

Due to missing values, total responses do not always add up to the total
sample size. ENDS ¼ electronic nicotine delivery system.

55 (0.3)

Non-Hispanic other

Large central metro

TABLE 1

Although our ﬁndings need to be conﬁrmed by future
longitudinal studies, it may be beneﬁcial for health
professionals to consider screening for and documenting
ENDS use and secondhand ENDS aerosol exposure
among youth with asthma. Health professionals may
also consider including ENDS aerosol exposure as a
possible trigger in asthma self-management/action plans
and updating asthma home environment assessments to
include exposure to ENDS aerosols.
Our study has several limitations. The cross-sectional
study design limits our ability to determine the
temporal sequences between secondhand exposure to
ENDS aerosols and asthma exacerbations, and
causality therefore cannot be established. The sample
included students attending public schools in Florida,
and thus the results may not be generalizable to youth
not attending public schools or to youth nationwide.
Furthermore, our data are limited by being based on
self-reported data. Not all youth may be aware of their
asthma status and secondhand exposures, and recall
biases may exist. In addition, secondhand exposure to
ENDS aerosols was measured in the past 30 days,
whereas asthma attacks were measured within the past
12 months. It is plausible that asthma exacerbations
could lead to increased exposure to ENDS aerosols,
such as if family members switched from using
combustible products to using ENDS when around
youth with asthma. However, it is also possible that
past 30-day secondhand exposure to ENDS aerosols
represents current exposure beyond this time frame.
Certainly, future longitudinal studies are needed to
elucidate the temporal relationship between these
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TABLE 2

] Weighted Prevalence and aORs of Past-Year Asthma Attacks Among Youth Diagnosed With Asthma,
2016 Florida Youth Tobacco Survey (N ¼ 11,830)

Characteristic

No. Reported Past-Year Asthma
Attacks (Weighted %)

aOR (95% CI)

Age, y
11-13

1,062 (22.9)

1.00

14-17

1,569 (20.2)

0.77 (0.68-0.87)a

1,592 (26.0)

1.68 (1.48-1.90)a

Sex
Female
Male

991 (16.0)

1.00

571 (19.0)

0.79 (0.68-0.93)a

Race/ethnicity
Hispanic
Non-Hispanic American Indian or Alaskan Native

48 (27.4)

1.35 (0.84-2.18)

Non-Hispanic Asian

60 (19.1)

0.85 (0.59-1.24)

Non-Hispanic black

447 (18.7)

0.80 (0.67-0.95)a

19 (42.8)

2.53 (1.20-5.30)a

Non-Hispanic other

117 (20.8)

0.83 (0.62-0.95)a

Non-Hispanic white

1,302 (24.0)

Non-Hispanic Native Hawaiian or Other Paciﬁc Islander

1.00

Metropolitan status
Large central metro

215 (20.9)

1.00

Large fringe metro

542 (21.4)

1.09 (0.86-1.39)

Medium metro

872 (21.6)

1.07 (0.86-1.33)

Small metro

395 (21.7)

0.96 (0.75-1.24)

Micropolitan

222 (19.1)

0.97 (0.71-1.33)

Noncore

365 (19.6)

0.94 (0.72-1.21)

Housing
Stand alone

1,621 (21.3)

1.00

Trailer/mobile home

366 (21.6)

0.94 (0.76-1.15)

Townhouse/duplex

156 (19.0)

0.95 (0.75-1.20)

Condo/apartment

230 (19.7)

1.02 (0.83-1.25)

Other

215 (24.1)

1.21 (0.94-1.56)

Cigarette use
Never used

2,083 (20.4)

1.00

Ever, noncurrent use

345 (22.6)

1.23 (0.99-1.52)

Current use

169 (30.0)

1.92 (1.28-2.68)a

Undetermined

34 (22.7)

1.47 (0.76-2.86)

Cigar use
Never used

2,302 (21.0)

1.00

Ever, noncurrent use

159 (20.4)

0.78 (0.60-1.03)

Current use

132 (22.1)

0.84 (0.60-1.18)

Undetermined

2.40 (1.25-4.63)a

38 (25.1)

Hookah use
Never used

2,163 (21.0)

1.00

Ever, noncurrent use

243 (21.4)

1.01 (0.81-1.25)

Current use

155 (20.9)

0.76 (0.56-1.06)

70 (22.6)

0.81 (0.49-1.31)

Undetermined
ENDS use
Never used

1,883 (21.0)

1.00
(Continued)
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TABLE 2

] (Continued)
No. Reported Past-Year Asthma
Attacks (Weighted %)

Characteristic

aOR (95% CI)

Ever, noncurrent use

377 (20.6)

Current use

336 (22.6)

0.90 (0.71-1.15)

25 (17.9)

0.84 (0.42-1.69)

Undetermined

1.01 (0.81-1.25)

Exposed to secondhand smoke
Yes

1,410 (23.7)

1.19 (1.05-1.35)a

No

1,163 (18.8)

1.00

Exposed to secondhand ENDS aerosols
Yes

989 (24.2)

No

1,560 (19.5)

1.27 (1.11-1.47)a
1.00

aOR ¼ adjusted odds ratio. See Table 1 legend for expansion of other abbreviation.
a
P < .05.

variables. Future studies also need to examine the role
of respiratory virus infections, an important factor for
asthma exacerbations, in the association between
secondhand ENDS aerosol exposure and asthma
exacerbations. Our study does have several strengths,
such as having a large, diverse, state-representative
sample, as well as the ability to capture both
secondhand ENDS aerosol and secondhand smoke
exposures.
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