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abstract
OBJECTIVE: To determine the association between secondhand smoke
(SHS) exposure and length of stay (LOS) and other exacerbation severity
indicators in children hospitalized for asthma.
METHODS: We conducted a retrospective chart review at 2 children’s hospitals.
Patients aged 2 to 18 hospitalized for asthma in 2012 were included. Outcome
variables included LOS, PICU, magnesium, and intravenous (IV) steroids.
Bivariate analysis determined differences between SHS-exposed and non–SHSexposed groups. Geometric means were used for LOS to account for skewed
distribution. Logistic and zero-truncated negative binomial regression models
were used to determine the independent association between SHS exposure and
hospitalization severity indicators.
RESULTS: A total of 623 patients were included; 41% reported SHS exposure.
Mean LOS was 47.5 hours. In the SHS-exposed group, LOS was 50.0 (95%
confidence interval [CI] 46.7–54.0) and in the nonexposed group it was 45.8
(95% CI 43.4–48.4) (P = .02). In regression analysis, institution modified the
effect of SHS exposure on LOS. At Children’s Hospital Colorado, SHS exposure
was associated with a 20% increase in LOS (incidence rate ratio 1.2, 95% CI
1.1–1.3). At the Medical University of South Carolina, there was no significant
association. SHS-exposed patients were more likely to receive IV steroids (odds
ratio 1.6, 95% CI 1.1–2.3)
CONCLUSIONS: Among children hospitalized for asthma, we identified a
significant association at 1 institution between SHS exposure and LOS and found
that IV steroid use was significantly associated with LOS at both institutions.
Eliminating SHS exposure among children with asthma is important.
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Asthma is the most prevalent chronic condition affecting children.1 It is also one of
the most frequent reasons for hospitalization among children.1 Most children with
asthma are exposed to secondhand smoke (SHS), and children from low-income
families are more likely to be exposed.2 Although SHS exposure has decreased
for children in general, it remains stable in children with asthma.3 SHS exposure
has previously been associated with asthma severity based on symptom reporting, school absence, illness frequency, and lower forced expiratory volume in 1
second.4 Additionally, SHS exposure is a risk factor for acute asthma exacerbations and associated emergency department (ED) visits, hospitalizations, and
intubations.5–8 Previous research has shown that a decrease in SHS exposure is
associated with fewer ED visits and fewer hospitalizations among children with
asthma.9 Less is known about the effect of SHS exposure on severity of asthma
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exacerbation once it is triggered and a
child requires hospitalization.
SHS exposure is a modifiable risk factor. Therefore, if we are able to show
that SHS exposure is associated with
asthma exacerbation severity among
hospitalized children, it will provide
further evidence supporting the importance of smoking cessation interventions for family members of children
with asthma. Successful caregiver
smoking cessation could contribute to
decreased resource use among children hospitalized for asthma and contribute to health care cost-savings.
The primary objective of this study was
to determine if there is an association
between SHS exposure and length of
stay (LOS) in children hospitalized for
asthma. The secondary objective was
to determine if there is an association
between SHS exposure and other markers of exacerbation severity among
children hospitalized for asthma, including PICU admission, intravenous (IV)
steroid use, and IV magnesium use.

METHODS
We conducted a retrospective chart
review at The Medical University of
South Carolina Children’s Hospital in
Charleston, SC (MUSC), and Children’s
Hospital Colorado in Aurora, CO
(CHCO). MUSC Children’s Hospital is
a tertiary care children’s hospital with
186 beds and CHCO is a free-standing
tertiary care children’s hospital with
440 beds. Any patient 2 to 18 years
of age with a primary discharge diagnosis of asthma (International Classification of Diseases, Ninth Revision
codes 493.00–493.02, 493.10–493.12,
493.20–493.22, 493.8, and 493.9) who
was hospitalized either at MUSC or
CHCO between January 1, 2012, and
December 31, 2012, was considered for
250 |
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inclusion. From this group with asthma,
we eliminated patients with cystic
fibrosis, active bronchopulmonary dysplasia, or tracheostomy. At the time of
this study, MUSC used paper charts
that are scanned and available electronically through an online application.
CHCO’s charts are electronic. A study
team member at each site reviewed
identified charts, and recorded data on
data collection sheets by using random
study identification numbers. This information was then recorded in Research
Electronic Data Capture (RedCap).
Study team members at both institutions had access to the RedCap file
and could import data simultaneously.
The RedCap file was imported directly
into our statistical analysis software for
analysis.
Information collected and recorded
included demographics (age, gender,
race/ethnicity, and insurance type).
Clinical variables included comorbid
conditions, such as prematurity and
bronchopulmonary dysplasia, concurrent illnesses (specifically pneumonia
or bronchiolitis), and home medications. Variables associated with
current admission included admit
day/time, discharge day/time, all
diagnoses associated with admission,
supplemental oxygen use, continuous
positive airway pressure (CPAP) or
EzPAP (a specific positive airway pressure device, similar to CPAP, used at
CHCO; Smiths Medical, St Paul MN),
intubation, PICU admission, IV steroid
use, IV magnesium use, and other
medications given either in the ED or
inpatient setting. SHS exposure was
assessed through chart review as well.
SHS status was located in a variety of
places, including the ED history and
physical, the nursing intake assessment,
or the admission history and physical.
Previous research has shown that
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93% of patients are screened for SHS
exposure by at least 1 provider.10 We
considered any child with indoor or
outdoor smoke exposure to be positive
for SHS exposure. We also recorded a
patient’s smoking status when available,
and these patients were included in
the final analysis.
The primary outcome variable was
LOS in hours. Additional secondary
outcome variables were PICU admission, IV steroids, and IV magnesium.
The primary independent variable was
SHS exposure, which was treated as a
dichotomous variable. The χ2, t tests,
and Wilcoxon rank sum tests were used
to determine bivariate differences in
demographic, clinical, and outcome
variables between the SHS-exposed
and non–SHS-exposed groups, as well
as bivariate differences between institutions. Geometric means were used for
LOS to account for skewed distribution.
Logistic and zero-truncated negative
binomial regression models were
used to determine the independent
association between SHS exposure
and hospitalization severity indicators,
including LOS. Standard demographic
variables were included as covariates in addition to variables that had
significant associations with LOS
in bivariate analysis. SAS 9.3 (SAS
Institute, Inc, Cary, NC) was used for
data analysis; P < .05 was considered
to be statistically significant.
This study was approved by the
institutional review board at both
participating institutions.

RESULTS
A total of 623 patients were included in
the final analyses; 61% were male and
39% were black, 26% white, and 28%
Hispanic. Median age was 6. Most
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had public insurance. Overall, 41% of
patients reported SHS exposure (with
9 patients reporting they themselves
were smokers) (Table 1).
When comparing patients at each
institution, there were statistically significant bivariate associations between
institution and LOS, race/ethnicity,
concurrent pneumonia diagnosis, use of
CPAP/EzPAP, oxygen supplementation,
and SHS exposure (Table 1).
The geometric mean LOS in the overall cohort was 47.5 hours (95% confidence interval [CI] 45.5–50.0). For
those exposed to SHS, the geometric
mean LOS was 50.0 hours (95% CI
46.7–54.0) and for the nonexposed
patients, LOS was 45.8 hours (95% CI
43.4–48.4) (P = .02) (Table 2).
In addition to a difference in LOS,
bivariate analysis revealed that SHS
exposure status was also associated
with IV steroid receipt, insurance
status, and race/ethnicity. There were
no bivariate associations between SHS
exposure and PICU admission or IV
magnesium use (Table 2).
During regression analysis for the
outcome of LOS, it was noted that
institution modified the association
between SHS exposure and LOS.
We ran a model with an interaction
term between SHS and institution
and the results were similar to the
institution-specific models that are
presented here. We chose to present
the institution-specific models for
this outcome variable for ease of
interpretation. In zero-truncated negative binomial regression analysis after
controlling for age, race/ethnicity, gender, insurance status, oxygen supplementation, home inhaled corticosteroid
use, and concurrent pneumonia or
bronchiolitis, SHS exposure was
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TABLE 1 Demographic and Clinical Characteristics of Patients Admitted for Acute Asthma
Exacerbation and Bivariate Comparisons by Institution
Variable

Overall, n = 623

CHCO, n = 421, 68%

MUSC, n = 202, 32%

SHS exposure, %
Yes
No

41
59

38
62

48
52

Gender, %
Male
Female

61
39

62
38

58
42

Race/ethnicity, %
Black
White
Hispanic
Other
Age, median, y

39
26
28
8
6.0

26
26
38
10
6.0

65
24
7
3
5.0

.02

.33

<.0001

Insurance, %
Medicaid
Private
Self/other

72
27
2

71
27
2

73
26
1

Prematurity, %
Yes
No/not documented

11
89

11
89

10
90

History of asthma, %
Yes
No

76
24

75
25

77
23

Taking ICS at home, %
No
Yes

50
50

51
49

50
50

87
13

90
10

82
18

.13
.64

.84

.57

.80

<.01

Concurrent PNA, %
No
Yes
Concurrent
bronchiolitis, %
No
Yes

95
5

96
4

93
7

PICU, %
No
Yes

81
19

80
20

83
17

EzPAP or CPAP, %
No
Yes

88
12

82
18

100
0

Oxygen, %
No
Yes

27
73

3
97

76
24

Magnesium, %
No
Yes

77
23

77
23

77
23

IV Steroids, %
No
Yes
LOS geometric
mean (95% CI)

P

.12

.36

<.0001

<.0001

.95

.38
71
29
47.5 (45.5–50)

72
28
48.6 (46.2–51.2)

68
32
45.0 (43.4–48.4)

.02

ICS, inhaled corticosteroids.

associated with a 20% increase in LOS
(incidence rate ratio [IRR] 1.2, 95%
CI 1.1–1.3) at CHCO but there was

no statistically significant association
between SHS and LOS at MUSC (IRR
1.0, 95% CI 0.8–1.4).
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TABLE 2 Bivariate Analysis of SHS-Exposed Patients Compared With Non–SHS-Exposed
Patients Among Children Admitted for Acute Asthma Exacerbation
Variable

SHS Exposed,
n = 258, 41%

Not SHS Exposed,
n = 365, 59%

Gender, %
Male
Female

60
40

62
38

Race/Ethnicity, %
Black
White
Hispanic
Other
Age, median, y

50
26
18
5
6.0

31
25
34
10
5.0

<.0001

.47
<.01

79
19
2

67
32
1

Prematurity, %
Yes
No/not documented

13
87

9
91

History of asthma, %
Yes
No

79
21

74
26

Taking ICS at home, %
No
Yes

50
50

50
50

.17

.18

.91

Concurrent PNA, %
No
Yes
Concurrent
bronchiolitis, %
No
Yes

94
6

96
4

PICU, %
No
Yes

78
22

83
17

EzPAP or CPAP, %
No
Yes

87
13

89
11

Oxygen, %
No
Yes

29
71

25
75

Magnesium, %
No
Yes

75
25

78
22

IV steroids, %
No
Yes
LOS, geometric
mean (95% CI)

P
.77

Insurance, %
Medicaid
Private
Self/other

.71
88
12

87
13
.42

.10

.55

.19

.30

.01
65
35
50.0 (46.7–54.0)

75
25
45.8 (43.4–48.4)

.02

ICS, inhaled corticosteroids.

In logistic regression analysis controlling for the same covariates with
the addition of institution, SHS-exposed
patients were more likely to receive IV
steroids (odds ratio [OR] 1.6, 95% CI
1.1–2.3). There was a trend toward
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significance in the relationship between
SHS exposure and PICU admission
(OR 1.5, 95% CI 1.0–2.3). There was
no significant association between
SHS exposure and IV magnesium use
(OR 1.3, 95% CI 0.9–2.0) (Table 3).
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For complete regression results see
supplemental Table 4.

DISCUSSION
Our study suggests that SHS exposure
may contribute to asthma exacerbation
severity among children admitted to
the hospital. At CHCO, we found a
statistically significant 20% increase
in LOS among patients who report
SHS exposure. In the overall cohort,
we found a 60% greater likelihood
of receiving IV steroids, and a trend
toward an increased rate of PICU
admission, both of which suggest
more severe exacerbation. These data
represent a previously undescribed
health risk to children with asthma
who are subjected to SHS exposure.
Previous research has shown that
children with asthma who are exposed
to SHS are more likely to experience
acute exacerbations and require
ED treatment, admission, and even
intubation.5,6,8 Our study contributes
to the literature by showing that even
once an exacerbation is triggered
in a child with asthma and he or she
requires hospitalization, those with
SHS exposure may require longer
hospitalization in some circumstances.
Additionally, we found that SHSexposed patients have a higher
likelihood of receiving IV steroids, a
more aggressive treatment typically
reserved for the more acutely ill
patients. Although there is no evidence
that IV steroids are more effective
than oral steroids, they can be used in
patients with higher respiratory rates
who cannot tolerate oral medications,
and the National Heart, Lung, and
Blood Institute Guidelines for the
management of asthma recommend
consideration of IV steroids for patients
with an incomplete or poor response
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TABLE 3 Multivariable Analysis Results: Adjusted Relationship between SHS Exposure
and Outcome Variables
Outcome Variable
a

LOS, h, IRR (95% CI)
IV steroids,b OR (95% CI)
PICU,b OR (95% CI)
Magnesium,b OR (95% CI)

Overall Cohort
1.1 (1.0–1.2)
1.6 (1.1–2.3)
1.5 (1.0–2.1)
1.3 (0.9–2.0)

CHCO
1.2 (1.1–1.3)
1.5 (0.9–2.5)
1.4 (0.8–2.4)
1.4 (0.9–2.3)

MUSC
1.0 (0.8–1.1)
1.8 (0.9–3.6)
1.6 (0.5–2.7)
1.0 (0.5–2.2)

a

The LOS model is a zero-truncated negative binomial regression model and included age, race,
insurance, gender, oxygen use, home inhaled corticosteroids, diagnosis of pneumonia, and diagnosis
of respiratory syncytial virus as covariates. The overall cohort model had significant interaction between
institution and SHS in predicting LOS. An interaction term (institution*SHS) was included for this
reason.
b
Logistic regression models controlled for age, race, insurance, gender, oxygen use, home inhaled
corticosteroids, diagnosis of pneumonia, diagnosis of respiratory syncytial virus, and institution (for the
overall cohort model).

to therapy delivered in the ED.11 The
trend toward significance in the relationship between SHS exposure and
PICU admission found in our data is
consistent with findings published by
van den Bosch et al in 2012.12 In this
multicenter retrospective case control
study of 66 cases, the authors found
that active or passive smoke exposure
was independently associated with
increased risk for PICU admission
among children with asthma.12 However,
Lyell et al13 found in a retrospective case
control study of 52 cases in Australia
that parental-reported smoking was
not associated with PICU admission. It
appears that the relationship between
SHS exposure and risk for PICU admission has yet to be fully elucidated
through these retrospective analyses.
A prospective study that includes cotinine measurement would be an ideal
way to answer this question.
Unlike other risk factors for severe
asthma exacerbation, such as race/
ethnicity, socioeconomic status, and
history of prematurity, SHS exposure is
a modifiable risk factor. Other modifiable
risk factors include lack of usual source
of care, noncompliance, and other
environmental exposures. Children with
asthma who require hospitalization are
known to be high risk. They are more
likely to require subsequent oral steroid

bursts, ED visits, and hospitalizations.14,15
If we can intervene while a child is in
the hospital and decrease future SHS
exposure, we may be able to significantly
affect the disease course of the child with
asthma. Winickoff et al16 and Ralston
et al17 previously demonstrated the
feasibility of smoking cessation interventions at the time a child is hospitalized for a respiratory illness. Our
study provides further evidence that
providers should consider capitalizing
on this “teachable moment” when a
parent is in the hospital with his or her
child by delivering smoking cessation
interventions.
The 20% increased LOS seen in
patients exposed to SHS in the CHCO
cohort equates to an ∼10-hour longer
hospital stay for each child with
SHS exposure admitted for acute
exacerbation. Although some may question the clinical significance of this
finding, in the era of cost containment
when many hospitals are focusing on
discharge efficiency and early morning
discharges, every additional hour in
the hospital counts, and costs. The
difference seen between patients at
CHCO in Aurora, CO, and patients at
MUSC in Charleston, SC, is likely, in
part, because of differences in altitude
and partial pressure of oxygen; 97%
of the children admitted to CHCO

required supplemental oxygen, whereas
only 24% of children admitted to
MUSC had the same requirement.
It is plausible that the time it takes
to wean children back to room air in
Colorado contributes to the overall
longer LOS and to the significant effect
SHS exposure seems to have on LOS
in that cohort that was not found in the
MUSC cohort. There are institutional
practice pattern differences that also
may contribute to the LOS difference seen between the 2 institutions. Albuterol delivery is primarily
via metered dose inhaler at CHCO and
is given more often by nebulizer at
MUSC. Additionally, albuterol weaning
is driven by respiratory therapists at
CHCO and by resident and attending
physicians at MUSC. MUSC also has a
step-down unit, whereas CHCO does
not, which may affect PICU admission
criteria and therefore may have affected
our findings regarding the relationship
between SHS exposure and PICU
admission. However, both institutions
use an albuterol-weaning pathway and
prescribe prednisone/prednisolone
(rather than dexamethasone) as their
primary systemic steroid, and have the
ability to give IV magnesium outside of
the PICU. Other unmeasured variations
in care also may contribute to the
difference in LOS observed between
these 2 institutions.
Our finding of increased likelihood of
IV steroid receipt and a trend toward
a significant increased risk of PICU
admission among children with SHS
exposure provides further evidence that
among children who are hospitalized
for acute asthma exacerbation, those
who are exposed to SHS are at higher
risk for more severe exacerbation.
There are several limitations to this
study. We relied on caretaker reporting
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of SHS exposure, which is not as
reliable as cotinine measurements.
A recent study by Howrylak et al18
found high levels of underreporting
of SHS exposure among hospitalized
children when compared with serum
and saliva levels. We were not able
to assess for various exposure levels
that may uniquely affect our outcome
variables. This may have contributed to
an underestimation of the actual effect
of SHS exposure on exacerbation
severity. However, a study that requires
hair or blood sampling would be
expensive and time-consuming. We
feel that a retrospective chart review
is an appropriate way to address
our specific research question. In
the future, researchers may wish to
examine this relationship in further
detail, and cotinine measurements
would be an appropriate next step to
advance knowledge in this area. Home
inhaled corticosteroid use was included
as a surrogate for disease severity. A
more accurate measure of disease
severity would have strengthened our
analysis. Data on whether a patient
had a usual source of care, which
could contribute to disease control
and exacerbation severity, was not
available. Hospital system factors
(eg, team availability to write discharge
orders, families waiting for rides, or
other barriers to patients physically
leaving the hospital after discharge
criteria are met) may affect discharge
time and thus affect our primary
outcome of LOS. These factors also
may vary by institution, thus affecting
our results. Of note, information on
exact admit and discharge time is
recorded electronically at both institutions, making this variable accurate
and reliable. Our regression analysis
should control for some of the variation
in discharge time due to transportation
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issues by the inclusion of insurance
status as a covariate. Future prospective studies may consider using
the time a patient is medically ready
for discharge as the primary outcome
rather than actual discharge time.
Additionally, as previously mentioned,
asthma treatment practice patterns
will vary by institution and therefore
could contribute to the differences in
LOS seen by institution. Because the
medical records at the 2 institutions
were different (paper versus electronic
medical record), certain variables
might be more accurately recorded or
more easily discoverable at 1 institution
when compared with the other. For
example, oxygen supplementation was
documented in several different areas
of the MUSC charts, calling into question the accuracy of this variable at
MUSC. On the other hand, information
regarding oxygen supplementation was
readily available in CHCO’s electronic
medical record.
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