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ABSTRACT
Objective: To investigate the association between secondhand smoke exposure (SHSe) and asthma
symptoms, medication use, and emergency department (ED)/urgent care (UC) utilization among
adolescents. Methods: We performed a secondary cross-sectional analysis of Population Assessment
of Tobacco and Health Study Wave 2 (2014–2015) including asthmatic adolescents (N = 2198). Logistic
regression models and Poisson regression models were built. Results: Participants with SHSe �1 hour
in the past 7 days were at increased risk of reporting shortness of breath and harder to exercise aOR,
1.22; 95% CI, 1.04–1.43), wheezing (aOR, 1.26; 95% CI, 1.01–1.56), wheezing disturbing sleep (aOR, 1.88;
95% CI, 1.35–2.63), wheezing during/after exercise (aOR, 1.41; 95% CI, 1.19–1.66), wheezing limiting
speech (aOR, 2.11; 95% CI, 1.55–2.86), dry cough at night (aOR, 1.86; 95% CI, 1.54–2.24), and asthma
symptoms disturbing sleep (aOR, 2.25; 95% CI, 1.81–2.79). Participants with SHSe �1 hour were more
likely to take asthma medications (aOR, 1.25; 95% CI, 1.03–1.52), including steroids (aOR, 1.86; 95% CI,
1.19–2.91), oxygen therapy (aOR, 2.88; 95% CI, 1.82–4.54), and controlling medications (aOR, 1.50; 95%
CI, 1.24–1.82). Symptoms and medications varied by living with a smoker and home SHSe. Participants
with SHSe were at increased risk of having a higher number of asthma attacks that required steroid
use. Participants who lived with a smoker and had home SHSe were at increased risk of having higher
ED/UC visits for asthma. Conclusions: SHSe reduction efforts are needed for asthmatic adolescents,
and EDs/UCs are promising venues.

Introduction

A total of 17.3%U.S. adolescents have had asthma in their
lifetime, and 10% currently have asthma (1). Asthma is
characterized by airway obstruction (i.e., asthma attacks),
bronchial hyperresponsiveness, and recurring symptoms
(e.g., coughing, wheezing) in response to exposures
including tobacco smoke (2). Secondhand smoke expo-
sure (SHSe) negatively impacts adolescents’ respiratory
health and is associated with asthma exacerbations (3).
Despite this, up to half of asthmatic adolescents remain
exposed nationwide (4–6).

SHSe has been identified as a preventable risk fac-
tor of increased illness severity and healthcare utilization
in asthmatic children (7–11), but little is known about
the influence SHSe has on asthmatic adolescents’ health
and healthcare utilization. To highlight the need to focus
research on asthmatic adolescents, a recent meta-analysis
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did not include any studies that focused solely on ado-
lescents (12). One study included in this review focused
on both children and adolescents, and found parental
smoking was associated with increased risk of wheeze
and severe asthma symptoms among 13–14 year olds
(13). Similarly, other research including both children and
adolescents indicated SHS-exposed youth have greater
asthma severity (14). Conversely, other work that strat-
ified outcomes by age reported no relationship between
SHSe and asthma symptoms such as wheezing among
12–16 year olds (15). Concerning asthma medication
use, prior studies that used a wide age range of pedi-
atric patients found that independent of age, patients
were more likely to receive steroids intravenously (IV)
(16) or orally, and IV magnesium sulfate (17). How-
ever, these two studies on asthma medication use also
found no difference between SHSe and receipt of oxygen,
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IV magnesium sulfate (16), albuterol, and epinephrine
(17). Thus, research on the association of SHSe with
asthma symptoms andmedication use among adolescents
exclusively is critically needed to address the gaps in the
literature.

Asthma is a leading diagnosis in emergency depart-
ment (ED) patients, accounting for 1.63 million visits
each year (18). U.S. trends show that ED visits and
hospitalizations for asthma among 0–17 year olds have
remained stable over the past decade, with rates of 11 per
100 asthmatic children having ED visits and 2 per 100
being hospitalized (19). Prior research found that 76% of
pediatric ED patients with asthma from 2 to 18 years old
are exposed to SHS (17). Adolescents utilize emergency
departments as a usual source for non-urgent medical
care instead of seeking this type of care at primary care
or clinic-based settings (20–22). Thus, it is important to
assess the relationship between SHSe and acute healthcare
utilization among adolescents.Most existing literature has
examined this relationship in younger children (23,24)
or wide age ranges from 0 to 19 years old (5,17,25,26).
The prior evidence base reports a complex relationship
between SHSe and healthcare utilization. Focusing exclu-
sively on adolescents who may frequent acute healthcare
settings would provide insight into this relationship to
better inform targeted SHSe prevention efforts which
may assist in decreasing unnecessary ED visits.

Given that asthmatic adolescents have disproportion-
ately high rates of SHSe (1,6) and ED utilization for non-
urgent care (20–22), our study aim was to investigate the
association between SHSe and asthma symptoms, med-
ication use, and ED/urgent care (UC) utilization among
asthmatic adolescents nationwide. Based on prior work
(5,17), we hypothesized that asthmatic adolescents with
SHSe would be at increased risk of reporting asthma
symptoms and medication use which may reflect more
severe illness and higher ED/UC utilization than unex-
posed asthmatic adolescents.

Methods

We performed a secondary cross-sectional analysis of
Population Assessment of Tobacco and Health (PATH)
Study Wave 2 data collected from October 23, 2014 to
October 30, 2015 including non-smoking adolescents
from 12 to 17 years old who have been told by a health
professional they have asthma (N = 2198). We excluded
adolescents who did not have asthma (n = 7740) and
who were current cigarette smokers (n = 481). The
PATH Study is a longitudinal cohort study conducted
by the National Institutes of Health and Food and Drug
Administration to continuously observe tobacco use and
related health effects in U.S. adolescents and adults (27).

This study was exempt from IRB review due to the “not
human subjects’ research” determination.

Wave 1 used a four-stage stratified area probability
sample design to recruit participants who were �9 years
old in all U.S. states and theDistrict of Columbia (27). The
PATH design involved selecting 156 primary sampling
units (i.e., counties or groups of counties), 6049 second-
stage sampling segments, and 166,088 mailing addresses,
resulting in 76,539 sampled individuals who resided at the
selected mailing addresses. A measure of size approach
was used to select primary sampling units with higher
probabilities of having key subgroups including young
adults, black adults, and tobacco users, and to improve
the probability of having sufficient subgroup sample sizes.
Using measure of size, 35 primary sampling units were
selected and the remaining 121 units were grouped into 57
different strata determined by urban or rural area, census
region and division, Core Based Statistical Area status and
size, proportion of adults over the age of 25 years who had
a bachelor’s degree or higher, proportion of the population
with family income below the poverty level by 200%, and
the proportion of the population who were black or His-
panic origin. Sociodemographic data from the 2010 U.S.
Census were used to group sampling segments, and then
a systematic sample of household addresses were selected
from each segment to achieve the desired sampling
rate.

Up to two adolescents were sampled from each res-
idence. Wave 1’s response rate for the youth interview
was 78.2%. Wave 2 did not do additional sampling and
all Wave 1 respondents were eligible for wave 2 if they
still lived in the United States and were not incarcerated.
Wave 2’s retention rate for continuing youth was 88.5%,
and aged-up adolescents who were selected during Wave
1 as shadow youth (9–11 years old) to be interviewed
during later waves when they turned 12 years old had a
recruitment rate of 82.0%. Parents gave permission for
their child to complete the youth interview portion using
audio-assisted self-interviewing.

SHSe was measured by asking adolescents whether:
they live with anyone who smokes tobacco; smoking
tobacco is allowed inside their home; and they were in
close contact with others when they were smoking at
home, in a car, at school, or outdoors for �1 hour in
the past 7 days (no, yes). Cohen’s kappa coefficients were
calculated between the SHSe measures. The agreement
between living with a smoker and home SHSe was equal
to 0.33; the agreement between living with a smoker and
SHSe �1 hour was equal to 0.36; and the agreement
between home SHSe and SHSe�1 hour was equal to 0.22.
The overall kappa coefficient between all three variables
was 0.31, which is interpreted as having a fair strength of
agreement (28).
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We assessed several asthma symptom outcome
variables: overall health status (poor/fair/good, very
good/excellent); shortness of breath and harder to exer-
cise compared to peers; wheezing or whistling in the
chest in the past 12 months; wheezing disturbing sleep
in the past 12 months; wheezing limiting speech to only
1–2 words between breaths in the past 12 months; chest
sounded wheezy during or after exercise in the past
12 months; dry cough at night not associated with a
cold or chest infection in the past 12 months; asthma
symptoms (i.e., coughing, wheezing, shortness of breath,
chest tightness or pain) disturbing sleep in the past
30 days (no, yes); and asthma control in the past 30 days
(not at all/poorly/somewhat controlled, well/completely
controlled).

We examined several medication use outcomes indica-
tive of severity: took medications regularly for asthma
in the past 12 months, including quick-relief inhaler
(e.g., albuterol, ipratropium), controller/long-acting
inhaler including steroid inhaler (e.g., beclomethasone,
fluticasone, salmeterol, tiotropium), other controlling
medications (e.g., montelukast, zafirlukast, theophylline,
roflumilast), oral or injected steroid medications (e.g.,
prednisone, prednisolone, dexamethasone), oxygen
therapy, or other asthma medications; used a rescue
inhaler, nebulizer treatment, or other controlling med-
ications such as albuterol in the past 30 days; had an
asthma attack that required the use of an oral or injected
steroid medication in the past 12 months (no, yes); and
number of asthma attacks that required use of an oral
or injected steroid medication in the past 12 months
(continuous).

For ED/UC utilization, we assessed whether asthmatic
adolescents visited an ED or UC center for asthma in the
past 12months (no, yes) and the number of times they vis-
ited an ED or UC center for asthma in the past 12 months
(continuous).

Covariates were adolescent age, sex, race and ethnic-
ity, and parent education level. Age was categorized by
PATH: 12–14 years and 15–17 years. Race included:white,
black, or other race; ethnicity included non-Hispanic or
Hispanic. Parent education level included: less than high
school, high school graduate or equivalent, some college
(no degree), bachelor’s degree, or advanced degree.

Statistical Analysis

Statistical analyses were conducted using R version 3.3.0
(29). Appropriate sampling weights were used to obtain
nationally representative estimates while accounting
for the study design, post-stratification, and survey
non-response. We assessed the associations between
the covariates (i.e., age, sex, race, ethnicity, and parent

education level) and self-reported SHSe by performing
chi-square tests. We also examined whether the age of
adolescents diagnosed with asthma differed based on
SHSe. Multivariable logistic regression models were built
to assess the association between each SHSe variable and
all categorical asthma symptoms, medication use, and
ED/UC utilization outcome variables separately, while
controlling for the selected covariates. We report adjusted
odds ratios (aORs) and 95% confidence intervals (CIs)
for these models. Poisson regression models were built to
examine the associations between SHSe and number of
asthma attacks that required steroid medication use and
number of ED/UC visits for asthma since these data were
skewed. Poisson models for count data allow for skewed
data. We report adjusted relative risk (aRR) and 95% CIs
for these models. Analyses were two-sided with a p-value
<0.05 to indicate statistical significance. Incomplete cases
were removed prior to analyses.

Results

A total of 41.0% (n= 914) asthmatic adolescents were 12–
14 years old and 59.0% (n = 1284) were 15–17 years old;
57.3% (n = 1264) were male; the majority of participants
were white (64.4%, n = 1304) followed by 19.3% (n =
415) black, and 16.3% (n= 382) were other race; 77.2% (n
= 1535) were non-Hispanic. Parent education level varied
with 13.0% (n = 318) completing less than high school,
21.5% (n = 459) graduating high school or equivalent,
34.2% (n = 720) completing some college, 18.5% (n =
337) completing a bachelor’s degree, and 12.8% (n= 222)
completing an advanced degree. Concerning SHSe, 28.9%
(n= 657) lived with a smoker, 20.2% (n= 449) had home
SHSe, and 36.0% (n = 770) were in close contact with
others when smoking for �1 hour in the past seven days.

SHSe andDemographic Differences

Table 1 displays demographic characteristics based on
SHSe measures. Adolescent race, ethnicity, and parent
education level differed based on living with a smoker and
home SHSe. Adolescent age, sex, ethnicity, asthma diag-
nosis age, and parent education level differed based on
SHSe for �1 hour in the past 7 days.

SHSe and Asthma SymptomOutcomes

Table 2 presents the associations between SHSe and
asthma symptom outcome variables. Participants who
lived with a smoker were at lower odds to report
good/excellent overall health status (aOR, 0.73; 95%
CI, 0.61–0.88) or well/completely controlled asthma
(aOR, 0.62; 95% CI, 0.46–0.84) than those who did
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Table . Characteristics of asthmatic adolescents by secondhand smoke exposure measures in the United States, –.

Lives with smoker Home SHSe SHSe� hour in past  days

Sociodemographic variable No n (%)a Yes n (%) P value No n (%)a Yes n (%) P value No n (%)a Yes n (%) P value

Adolescent age
– years old  (.)  (.) .  (.)  (.) . (.)  (.) .
– years old  (.)  (.)  (.)  (.) (.)  (.)

Adolescent sex
Male  (.)  (.) .  (.)  (.) .  (.)  (.) .
Female  (.) (.)  (.)  (.)  (.)  (.)

Adolescent race
White  (.)  (.) .  (.)  (.) .  (.)  (.) .
Black  (.)  (.)  (.)  (.)  (.)  (.)
Other Race  (.)  (.)  (.)  (.)  (.)  (.)

Adolescent ethnicity
Non-Hispanic  (.)  (.) .  (.)  (.) .  (.)  (.) .
Hispanic  (.)  (.)  (.)  (.)  (.)  (.)

Parent education level
Less than high school  (.)  (.) <.  (.)  (.) <.  (.)  (.) <.
High school or equivalent  (.)  (.)  (.)  (.)  (.)  (.)
Some college  (.)  (.)  (.)  (.)  (.)  (.)
Bachelor’s degree  (.)  (.)  (.)  (.)  (.)  (.)
Advanced degree (.)  (.)  (.)  (.)  (.)  (.)

Asthma diagnosis age
> years old  (.)  (.) .  (.)  (.) .  (.)  (.) .
– years old  (.)  (.)  (.)  (.)  (.)  (.)
– years old  (.)  (.)  (.)  (.)  (.)  (.)

SHSe, secondhand smoke exposure.
an refers to raw scores and percentages are weighted.

not live with a smoker. Participants who lived with a
smoker were more likely to report shortness of breath
and harder to exercise compared to peers (aOR, 1.21; 95%
CI, 1.02–1.44), wheezing in the chest (aOR, 1.32; 95% CI,
1.05–1.67), wheezing limiting speech (aOR, 1.47; 95% CI,
1.07–2.01), wheezing during or after exercise (aOR, 1.44;
95% CI, 1.21–1.72), and were 2.08 times (95% CI, 1.66–
2.59) more likely to report asthma symptoms disturbing
sleep.

Participants with home SHSe were at reduced odds for
reporting good/excellent overall health status (aOR, 0.79;
95% CI, 0.65–0.97), but at increased odds of reporting
wheezing disturbing sleep (aOR, 1.56; 95%CI, 1.06–2.27),
dry cough at night (aOR, 1.37; 95% CI, 1.11–1.71), and
asthma symptoms disturbing sleep (aOR, 1.58; 95% CI,
1.23–2.02).

Participants with SHSe �1 hour in the past seven days
were at decreased odds of having very good/excellent
overall health status (aOR, 0.81; 95% CI, 0.69–0.97) and
well/completely controlled asthma (aOR, 0.51; 95% CI,
0.38–0.69). Participants with SHSe �1 hour in the past
7 days were at increased risk of reporting shortness of
breath and harder to exercise (aOR, 1.22; 95% CI, 1.04–
1.43), wheezing in the chest (aOR, 1.26; 95% CI, 1.01–
1.56), wheezing disturbing sleep (aOR, 1.88; 95% CI,
1.35–2.63), wheezing during or after exercise (aOR, 1.41;
95% CI, 1.19–1.66), and dry cough at night (aOR, 1.86;
95% CI, 1.54–2.24). Participants with SHSe �1 hour in
the past 7 days were over 2 times more likely to report
wheezing limiting speech (aOR, 2.11; 95% CI, 1.55–2.86)

or asthma symptoms disturbing sleep (aOR, 2.25; 95%CI,
1.81–2.79).

SHSe and AsthmaMedication Use

Living with a smoker was unrelated to regularly tak-
ing asthma medications (Table 3). Regarding medication
types, participants who lived with a smoker were more
likely to report they regularly used a quick-relief inhaler
(aOR, 1.33; 95% CI, 1.07–1.64) or controller/long-acting
inhaler (aOR, 1.36; 95% CI, 1.06–1.76), but less likely
to take “other” asthma medications (aOR, 0.64; 95% CI,
0.43–0.96). Participants who lived with a smoker were
3.58 times (95% CI, 1.09–11.78) more likely to have had
an asthma attack that required use of an oral or injected
steroid medication. Additionally, participants who lived
with a smoker [mean (M) = 6.13, standard error (SE) =
2.56] were at increased risk of having a higher number of
asthma attacks that required steroid use (aRR, 0.17; 95%
CI, 0.07–0.41) than participants who did not live with a
smoker (M = 4.64, SE = 1.05).

No differences were found between home SHSe and
asthma medication use (see Table 3). However, partici-
pants with home SHSe (M = 9.46, SE = 4.10) were at
2.40 times (95% CI, 1.62–3.57) the risk of having a higher
number of asthma attacks that required steroid medica-
tion use than unexposed participants (M = 3.82, SE =
0.82). Participants with SHSe �1 hour in the past 7 days
were more likely to regularly take asthma medications
(aOR, 1.25; 95% CI, 1.03–1.52) than those who were not
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in close contact with others when they were smoking.
Participants were 1.86 times (95% CI, 1.19–2.91) more
likely to regularly take oral or injected steroid medica-
tion, 2.88 times (95% CI, 1.82–4.54) more likely to take
oxygen therapy, and 1.50 times (95% CI, 1.24–1.82) more
likely to use a rescue inhaler, nebulizer treatment, or
other controlling medication. Participants with SHSe
�1 hour in the past 7 days (M = 6.01, SE = 2.15) were
at 2.58 times (95% CI, 1.76–3.80) the risk of having a
higher number of asthma attacks that required steroid
medication use than unexposed participants (M = 4.00,
SE = 1.03).

SHSe and ED/UCUtilization

No relationships between SHSe and having an ED/UC
visit for asthma were found (Table 4). However, par-
ticipants who lived with a smoker (aRR, 2.15; 95% CI,
1.80–2.57) and had home SHSe (aRR, 2.20, 95% CI,
1.81–2.67) were at increased risk of having a higher
number of ED/UC visits for asthma than unexposed
participants. Participants who lived with a smoker had
an average of 4.02 (SE = 1.11) ED/UC visits compared
to an average of 2.06 (SE = 0.30) visits among unex-
posed participants. Participants with home SHSe had
an average of 4.22 (SE = 1.35) visits compared to an
average of 2.17 (SE = 0.28) visits among unexposed
participants.

Discussion

We found that 28.9% of asthmatic adolescents lived with
a smoker and 20.2% had home SHSe. Rates of living with
a smoker and home SHSe were highest among black and
non-Hispanic asthmatic adolescents. As parent education
level increased, SHSe decreased. Indicates asthma preva-
lence is increasing over time, with rates highest among
children 0–17 years old who are non-Hispanic black
(17%) and come from low socioeconomic households
(13.5%) (30). Although most non-smoking adolescents
have detectable biochemical levels of SHSe (6) and the
home is the most commonly reported place of exposure
(3), our findings indicated that over one-third (36%)
of asthmatic adolescents were around SHSe �1 hour
in the past 7 days regardless of the source and setting
of exposure. It is important to note that no exposure
to SHS is the only safe status for adolescents (3), and
comprehensive smoke-free policies should be increased
in both private and public settings (31). Further, SHSe
reduction efforts are critically needed for asthmatic ado-
lescents, especially since those who are around smoking,
regardless of the setting, are at increased risk to initiate
smoking themselves (32,33).

We found significant relationships between SHSe and
asthma symptom outcomes among asthmatic adoles-
cents, consistent with our hypothesis. Overall, we found
that SHSe predicted lower likelihood of reporting very
good/excellent overall health status. Of note, asthmatic
adolescents who had SHSe �1 hour in the past 7 days
were at increased risk of reporting all wheeze symptoms
and asthma symptoms than unexposed adolescents. Par-
ticipants who lived with a smoker were at risk of report-
ing complaints that suggest increased asthma symptoms
indicative of severity, with the exception of wheezing dis-
turbing sleep and dry cough at night. Additionally, partic-
ipants with home SHSe were at increased risk of having a
dry cough at night, and wheezing or asthma symptoms
disturbing sleep. Similar to our findings, prior research
found that younger adolescents from 13 to 14 years old
had higher odds of reporting wheeze and severe asthma
symptoms, which was defined as having at least one of the
following symptoms in the past 12 months: �4 wheezing
attacks; sleep disturbances due to wheezing �1 night per
7 days; and wheezing limiting speech (13). Our research
expands on these findings by examining these symptoms
individually and within a larger adolescent age range. The
U.S. Surgeon General’s Report (3) revealed that there is
sufficient evidence of a causal relationship between SHSe
and wheeze illnesses. Further, participants who lived with
a smoker or had SHSe �1 hour were more likely to
report shortness of breath and harder to exercise com-
pared to peers, but less likely to report well/completely
controlled asthma. Thus, we found that SHSe is related
to moderate and severe asthma symptoms (e.g., cough,
wheeze). Similar research indicates SHS-exposed youth
are at greater risk of asthma severity and frequency of
symptoms (14). The different SHSe measures may have
influenced these outcomes differentially, given the agree-
ment between these measures was fair. Thus, our study
demonstrates that different types of SHSe are important
risk factors for asthma symptoms among adolescents.

Approximately one-third of asthmatic adolescents reg-
ularly took asthma medications, which is slightly lower
than rates (38.2%) presented in other research (34). The
present study found that asthmatic adolescents with SHSe
�1 hour in the past 7 days were more likely to regularly
take asthma medication, with nearly a two-fold risk of
regularly taking steroid medication. Results also revealed
that asthmatic adolescents with SHSe �1 hour in the past
7 days were at nearly a three-fold risk of receiving oxygen
therapy. These participants were also 1.5 timesmore likely
to use a rescue inhaler, nebulizer treatment, or other con-
trolling medication. Further, asthmatic adolescents who
livedwith a smokerwere at increased risk of using a quick-
relief inhaler or controller or long-acting inhaler, and
over 3.5 times more likely to have had an asthma attack
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Table . Emergency department/urgent care utilization by secondhand smoke exposuremeasures in asthmatic adolescents in the United
States, –.

Lives with smoker Home SHSe SHSe �1 hour in past 7 Days

Outcome variable
Multivariable
regressionb Outcome variable Multivariable regressionb Outcome variable

Multivariable
regressionb

SHSe No n (%)a Yes n (%) OR (95%CI) P value No n (%)a Yes n (%) OR (95%CI) P value No n (%)a Yes n (%) OR (95%CI) P value

ED/UC visit for asthma
No 1093 (92.6) 86 (7.4) Ref 1251 (93.0) 91 (7.0) Ref 969 (93.0) 71 (7.0) Ref
Yes 465 (89.8) 49 (10.2) 1.28 (0.91, 1.80) 0.15 295 (87.6) 41 (12.4) 1.44 (1.00, 2.07) 0.06 553 (89.9) 60 (10.1) 1.35 (0.97, 1.86) 0.07

Outcome variable Poisson regressionb Outcome variable Poisson regressionb Outcome variable Poisson regressionb

SHSe M (SE) aRR (95% CI) P value M (SE) aRR (95% CI) P value M (SE) aRR (95% CI) P value

Number of ED/UC visits for asthma
No 2.06 (0.30) Ref 2.17 (0.28) Ref 2.85 (0.70) Ref
Yes 4.02 (1.11) 2.15 (1.80, 2.57) <0.001 4.22 (1.35) 2.20 (1.81, 2.67) <.001 2.73 (0.57) 0.93 (0.78, 1.11) 0.44

SHSe, secondhand smoke exposure; aOR, adjusted odds ratio; aRR, adjusted relative risk; CI, confidence interval; M, mean; SE, standard error; Ref, reference group;
ED, emergency department; UC, urgent care.

an refers to raw scores and percentages are weighted.
bRegression controlling for adolescent age, sex, race, ethnicity, and parent education level.

that required use of an oral or injected steroid. Interest-
ingly, those living with a smoker, had home SHSe, and
had SHSe �1 hour in the past 7 days were at increased
risk of having a higher number of asthma attacks that
required steroidmedication use. Our findings onmedica-
tion use varied from the prior literature. Specifically, prior
work on ED patients 2–18 years old that only focused
on SHSe documented in medical charts found that SHS-
exposed patients were at increased risk of receiving IV
or oral steroids, but no differences were found based
on supplemental oxygen given and controlling medica-
tions including albuterol and epinephrine (17). Our find-
ings may have differed from this study since we focused
solely on adolescents nationwide versus a specific pedi-
atric ED population, and used three different measures of
SHSe. The study’s findings suggest potentially more fre-
quent and severe exacerbation among asthmatic adoles-
cents exposed to SHS nationwide.

SHSe was unrelated to having an ED/UC visit for
asthma, which differed from prior studies among asth-
matic children of all ages that found SHSe increased the
risk of having an ED visit (5,12). This difference may
be potentially due to adolescents being high utilizers of
ED services for non-urgent healthcare (20–22), regard-
less of their SHSe status. Additionally, there has been sta-
ble asthma healthcare encounters in EDs for youth over
the past decade (35), with asthma exacerbation being the
top pediatric ED-treated SHSe-related illness among 6–18
year olds (36), irrespective of SHSe status.

Notably, and consistent with our hypothesis, asthmatic
adolescents who lived with a smoker or had home SHSe
had over two times the risk of having a higher number
of ED/UC visits for asthma than unexposed adolescents.
Contrarily, an older study that was conducted among
children 2–12 years old using self-report measures and

cotinine, an optimal SHSe biomarker (37), found a U-
shaped relationship between cotinine and healthcare
contacts for asthma, suggesting asthmatic children with
low SHSe had reduced healthcare utilization, whereas
those with high SHSe had increased healthcare utiliza-
tion (24). This study also reported a negative association
between self-reported parental smoking and healthcare
contacts for asthma, suggesting an unclear relation-
ship. Other research on asthmatic children 1–17 years
old reported no statistical difference in the association
between SHSe and ED-based treatment management in
children with moderate or severe asthma exacerbations,
but recommended further investigation (26). Our find-
ings contribute to the growing body of literature suggest-
ing EDs/UCs are promising venues for SHSe reduction
and smoking cessation interventions (38,39), especially
for adolescents and their families. Prior research indicates
that parents who smoke and pediatric ED professionals
approve of tobacco cessation interventions in the pedi-
atric ED settings (40). ED-based efforts may reduce SHSe
and related preventable ED visits by decreasing care-
giver smoking (38). Standardized SHSe efforts offered
in these healthcare settings would strongly benefit asth-
matic adolescents. Despite this, rates of regular screening
for SHSe during ED visits remain low among children
and adolescents (41); such visits are missed opportu-
nities to screen and intervene with parents who smoke
and their asthmatic adolescents in these high volume
settings.

Limitations

PATH’s sampling designmay have potentially biased ado-
lescent SHSe rates in the present study as one of the
key subgroups that had a high probability of selection



JOURNAL OF ASTHMA 9

was tobacco users. We were limited to variables pro-
vided by the PATH study. For example, the survey only
asked about ED/UC visits for asthma, and thus, we were
unable to assess other healthcare settings and hospital-
izations. PATH did not ask questions about characteris-
tics of the home environment. Although we adjusted for
possible confounders, potential confounding may have
occurred and unexpectedly biased the present study’s
results. ThePATHstudy only has self-reported SHSemea-
sures and did not collect any biospecimens from ado-
lescents; thus SHSe may have been underreported (42).
However, prior work among asthmatics found a strong
association between interview data on SHSe and cotinine
levels (43). Similarly, participants may have not answered
the question on current smoking accurately and were
included in the present study, although prior research
indicates that self-report smoking measures are the most
commonly used method to assess tobacco, with rates
that are similar with prevalence estimates and cotinine
values among adolescents (44). Additionally, clinician-
determined asthma symptoms and medication use was
not ascertained. Future studies should examine these rela-
tionships by using objective measures. Some of the statis-
tically significant effect sizes for asthma symptom-related
outcomes were relatively small (e.g., aOR = 1.21), and
caution should be used when considering the associations
since the clinical significance is unknown. The temporal
or causal relationship between SHSe and asthma symp-
toms, medication use, and ED/UC utilization cannot be
determined from using one wave of cross-sectional data
to answer our study aims, and future waves will allow for
longitudinal association between SHSe and asthma symp-
toms, medication use, and ED/UC utilization.

Conclusions/Key Findings

The present study found that SHSe was related to greater
risk of asthma symptoms, medication use, and num-
ber of ED/UC visits among asthmatic adolescents. Peers,
families, and communities should be included in SHSe
reduction programming to educate them that there is no
safe level of SHSe and thus, quitting and implementing
smoking bans is crucial to potentially reducing asthma
symptoms and medication use among adolescents. In the
ED/UC settings, the National Heart, Lung, and Blood
Institute Expert Panel (2) recommends the establishment
of a patient–clinician partnership to facilitate teaching
patients and their families asthma self-management skills
including advising to avoid SHSe which can exacerbate
the patient’s asthma. Therefore, ED/UCprofessionalsmay
want to consider routinely offering SHSe screening and
counseling, especially among asthmatic adolescents and
their families.
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