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Background: Environmental tobacco smoke (ETS) exposure is associated with poor asthma
outcomes in children. However, little is known about natural changes in ETS exposure over time
in children with asthma and how these changes may affect health-care utilization. This article
documents the relationship between changes in ETS exposure and childhood asthma morbidity
among children enrolled in a clinical trial of supervised asthma therapy.
Methods: Data for this analysis come from a large randomized clinical trial of supervised asthma
therapy in which 290 children with persistent asthma were randomized to receive either usual
care or supervised asthma therapy. No smoking cessation counseling or ETS exposure education
was provided to caregivers; however, children were given 20 min of asthma education, which
incorporated discussion of the avoidance of asthma triggers, including ETS. Asthma morbidity
and ETS exposure data were collected from caregivers via telephone interviews at baseline and
at the 1-year follow-up.
Results: At baseline, 28% of caregivers reported ETS exposure in the home and 19% reported
exposure outside of the primary household only. Among children whose ETS exposure decreased
from baseline, fewer hospitalizations (p ⴝ 0.034) and emergency department (ED) visits
(p < 0.001) were reported in the 12 months prior to the second interview compared to the 12
months prior to the first interview. Additionally, these children were 48% less likely (p ⴝ 0.042)
to experience an episode of poor asthma control (EPAC).
Conclusions: This is the first study to demonstrate an association between ETS exposure
reduction and fewer EPACs, respiratory-related ED visits, and hospitalizations. These findings
emphasize the importance of ETS exposure reduction as a mechanism to improve asthma control
and morbidity. Potential policy implications include supporting ETS reductions and smoking
cessation interventions for parents and caregivers of children with asthma. Research to identify
the most cost-effective strategy is warranted.
Trial registration: Clinicaltrials.gov Identifier: NCT00110383
(CHEST 2009; 135:911–916)
Key words: asthma; children; environmental tobacco smoke; tobacco smoke pollution
Abbreviations: ED ⫽ emergency department; EPAC ⫽ episode of poor asthma control; ETS ⫽ environmental
tobacco smoke

Centers for Disease Control and Prevention
T hereports
that 60% of children aged 3 to 11 years
1

in the United States are exposed to environmental
tobacco smoke (ETS) based on serum cotinine levels. No other age group of nonsmokers has a higher
proportion of exposure, of subjects living with at
least one smoker, or median cotinine concentrations
than the 3- to 11-year-old age group.2 Exposure is
particularly high in low-income and non-Hispanic

black children.1,3 Twenty-five percent of children
live with at least one smoker,1 and parental smoking
accounts for 90% of children’s exposure in the
home.3 Over time, ETS exposure in nonsmokers has
decreased significantly; however, this decline has
been smaller in children than adults.2
In all children, ETS exposure is associated with
increased risk of sudden infant death syndrome,
respiratory infections, and otitis media.2 ETS expo-
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sure is associated with asthma prevalence and airway
irritation in children with asthma.4 –11 Furthermore,
strong evidence exists that ETS exposure is associated
with poor asthma outcomes including increased asthma
symptoms,8,12–14 illness-related school absences,15,16
and health-care use,16 as well as decreased lung function.12,14,16 In fact, ETS exposure may account for up to
1,000,000 childhood asthma exacerbations a year.17
ETS exposure reduction is a fairly new area of
scientific study. A recent Cochrane review of the
effectiveness of interventions aimed at reducing ETS
exposure in children indicated that few produced a
statistically significant reduction.17 However, it appears that interventions that employ intensive counseling may be more effective than brief interventions.18 Winickoff et al19,20 report significant changes
in parental smoking behaviors in a study of counseling and nicotine replacement. However, long-term
smoking cessation rates were not reported and ETS
exposure was not measured.
Information linking changes in ETS exposure with
changes in health-care utilization among children
with asthma is limited. Wilson et al21 demonstrated
that an intense ETS reduction intervention with individual feedback in families of children with asthma
reduced asthma-related urgent health-care utilization.
However, reductions in hospitalizations and emergency
department (ED) visits were not statistically significant,
possibly due to the limited sample size. Furthermore,
the difference in urine cotinine levels between the
intervention and control groups was not significant.
Health-care utilization was obtained via claims data;
however, urine cotinine required follow-up visits
where significant attrition was observed (only 59%
completion).
Little is known about natural changes in ETS
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exposure in children with asthma over time and how
this may affect health-care utilization. This article
documents the relationship between changes in ETS
exposure and childhood asthma morbidity in a clinical trial of supervised asthma therapy in urban
elementary schools.
Materials and Methods
Data for this analysis come from a large randomized trial22,23 of
supervised asthma therapy that has been previously described in
detail. Briefly, children were eligible if they met the following
criteria: physician-diagnosed persistent asthma requiring daily
controller medication, enrollment in 1 of 36 participating schools,
and ability to use a dry-powder inhaler and a peak flowmeter.
Children were recruited through local schools, physician offices,
and health department clinics and randomized to either usual
care or supervised therapy where controller use (budesonide;
Pulmicort Turbuhaler; AstraZeneca; Wilmington, DE) was directly observed at school. Controller and quick-relief medication
were provided at no cost. No smoking cessation counseling or ETS
exposure education was provided to caregivers; however, children
were given 20 min of asthma education that incorporated discussion
on the avoidance of asthma triggers including ETS.
Two hundred ninety children were randomized, and 240
children (83%) completed the main study. Transfer to a nonparticipating school accounted for 98% of the attrition, and attrition
did not differ between treatment groups (p ⫽ 0.26). Asthma
morbidity and ETS exposure were collected from caregivers via
telephone interviews at baseline (August 2005) and at follow-up
(August 2006). Two hundred sixty-five family caregivers completed the first interview; 256 caregivers (97%) completed both
interviews. Caregivers were asked to self-report the child’s
respiratory-related ED and hospital visits in the prior 12 months.
The distribution of ED visits and hospitalizations was highly
skewed; therefore, data were collapsed into two categories (0 and
ⱖ 1). ETS exposure was assessed using two questions: (1) “Are
there smokers in the house where your child lives?” and (2) “Are
there smokers in other places where your child spends a lot of
time, such as day care or a friend’s house?” ETS exposure was
grouped into three categories: (1) no exposure; (2) exposure
outside of the primary household only; or (3) exposure inside the
primary household. The number of children who were exposed
both in and out of the primary household (21 of 265 children at
baseline) was small and therefore were included in the third and
highest ETS exposure category. The trend in ETS exposure
between the first and second interviews was categorized as
follows: remained the same; increased (eg, none at baseline but
outside of home or inside home at the second interview); or
decreased (eg, inside the home at baseline but outside of home or
none at the second interview).
An episode of poor asthma control (EPAC) was defined as one
or more of the following each month: (1) an absence from school
due to respiratory illness/asthma; (2) average use of quick relief
medication more than two times per week (not including preexercise treatment); or (3) at least one red or yellow peak flowmeter
reading. Absences and peak flowmeter readings were collected
daily through use of an Internet-based data collection system.24
Quick relief medication use was measured through the use of a
doser (Doser; Meditrack; Easton, MA) attached to the child’s
inhaler that activated automatically to record each use.
The University of Alabama at Birmingham Institutional Review
Board and an independent three-member Data Safety and
Monitoring Board approved and monitored the study. All parents
provided informed consent and children provided assent.
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Statistical Analysis

Table 2—ETS Exposure at Baseline and Follow-up
Interview (n ⴝ 256)*

There were no differences in baseline characteristics between
those children whose caregiver completed both interviews and those
for whom only one was completed; therefore, this analysis reports on
the results from caregivers who completed both interviews
(n ⫽ 256). Furthermore, the trends in ETS exposure between the
two interview periods did not differ between the usual care and
supervised therapy groups (p ⫽ 0.22); therefore, the groups were
combined in this analysis. Means and proportions were used to
examine the demographic characteristics of the study population. A
2 test of association was used to determine whether the trend in
ETS exposure between the first and second interviews differed by
treatment group. McNemar test (2 ⫻ 2 tables) or Bowker test
(3 ⫻ 3 tables) were utilized to determine whether the proportion of
children in each level of ETS exposure was similar across interviews.25 Further, 2 tests of association were used to assess whether
differences in health-care utilization existed among ETS exposure
groups. Logistic regression was used to examine the relationship
between the change in ETS exposure and the likelihood of experiencing at least one EPAC. We examined interactions with year and
intervention group, in order to assess whether the relationship
between change in ETS exposure and the likelihood of experiencing
an EPAC differed by levels of these factors. In addition, we
controlled for the proportion of budesonide refills at baseline and
the change in the proportion of refills between the baseline and
intervention periods. Results were determined to be statistically
significant if the p value was ⬍ 0.05.

Follow-up Interview

Baseline Interview

None

Outside
Household
Only

None
Outside household only
Inside household
Total

117
26
10
153

11
19
8
38

Inside
Household

Total

7
4
54
65

135
49
72
256

*Data are presented as No.

children was 11 years (SD, 2.1 years). Fifty-eight
percent of children (n ⫽ 149) were male, and 90%
(n ⫽ 230) were black. Eighty percent of the children
had moderate persistent asthma. At baseline, 28% of
caregivers reported ETS exposure in the home and
19% reported exposure outside of the primary
household only. There were no statistically significant differences at baseline among children in the
three smoke exposure categories.
Table 2 shows ETS exposure at the baseline and
follow-up interviews. Seventy-four percent (n ⫽ 190)
of caregivers reported no change in the child’s ETS
exposure at the second interview, 17% (n ⫽ 44)
reported less exposure, and 9% (n ⫽ 22) reported

Results
Table 1 shows the demographic characteristics of
the sample at baseline (n ⫽ 256). The mean age of

Table 1—Demographic Characteristics of Participants According to ETS Exposure at Baseline Among Those
Completing Both Interviews*

Characteristics
Age, yr
Male gender
Black race
Asthma severity (two missing)
Mild persistent
Moderate persistent
Severe persistent
Rescue medication at school
prior to study
Number of daily puffs of
budesonide prescribed
Percentage of expected
budesonide refills that
were filled‡
ⱖ 1 hospitalization for
asthma in past year
ⱖ 1 ED visit for asthma in
past year
Average days absent
Average days absent due to
respiratory illness

No Exposure
(n ⫽ 135)

Outside Primary
Household Only
(n ⫽ 49)

Inside Primary
Household
(n ⫽ 72)

Total
(n ⫽ 256)

p Value†

11.0 ⫾ 2.2
81 (60)
121 (90)

10.6 ⫾ 2.0
31 (63)
47 (96)

11.0 ⫾ 1.9
37 (51)
62 (86)

11.0 ⫾ 2.1
149 (58)
230 (90)

0.39
0.36
0.21

17 (13)
111 (83)
6 (4)
17 (13)

12 (25)
35 (71)
2 (4)
9 (18)

9 (13)
56 (79)
6 (8)
12 (17)

38 (15)
202 (80)
14 (5)
38 (15)

0.26

2.7 ⫾ 1.1

3.0 ⫾ 1.1

2.8 ⫾ 1.0

2.8 ⫾ 1.0

0.16

0.59 ⫾ 0.31

0.63 ⫾ 0.29

0.52 ⫾ 0.29

0.58 ⫾ 0.30

0.14

10 (7)

7 (14)

9 (13)

26 (10)

0.29

58 (43)

23 (47)

23 (32)

104 (41)

0.19

4.1 ⫾ 3.9
1.4 ⫾ 2.4

3.2 ⫾ 3.3
0.83 ⫾ 1.4

4.1 ⫾ 3.4
1.1 ⫾ 2.2

3.9 ⫾ 3.6
1.2 ⫾ 2.2

0.27
0.38

0.55

*Data are presented as mean ⫾ SD or No. (%).
†All p values based on analysis of variance or 2 as appropriate.
‡Refill data calculated from enrollment through the end of the baseline period, defined as proportion of expected refills that were actually refilled.
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20%

Discussion

15%

This is the first study to demonstrate a statistically
significant association between ETS exposure reduction and fewer episodes of poor asthma control,
respiratory-related ED visits, and hospitalizations.
Secondhand smoke exposure within this population
of urban school children with asthma was 47%. Exposure in the primary home accounted for 60% of the
exposure. Over time, ETS exposure decreased from 47
to 40% among the children enrolled in this clinical trial.
Children who had any decrease in ETS exposure had
fewer episodes of poor asthma control, ED visits and
hospitalizations than those who had the same or
increased exposure. This demonstrates the potential
importance of ETS exposure reduction as a mechanism to improve asthma control and morbidity.
ETS exposure reduction is a fairly new area of
scientific study. A Cochrane review26 of the ETS
reduction interventions indicated that few programs
produced a statistically significant reduction. Behavioral interventions that employ more intensive strategies are more effective than those that are less
intensive,2,18 and a combination approach that includes both counseling and pharmacologic therapy is
more effective than either alone.2 To date, only two
studies by Winickoff et al19,20 report on a combination approach among smoking parents of children. In
these studies, Winickoff et al19,20 report that the
number of quit attempts among parents increased
and the number of cigarettes smoked in the house
and car decreased following the intervention. The
7-day abstinence rates at 2 months in these studies
were 18%20 and 21%,19 respectively. Behavioral
changes noted include fewer smoked cigarettes inside the home, the car, and in the presence of the
child.19,20 These studies indicate that ETS exposure
reduction among children is feasible; however, this
has yet to be linked to changes in asthma outcomes
or health care utilization.
The observed reductions in health-care utilization
in this study may have significant implications for the
economic feasibility of ETS reduction strategies.
While ED visits and hospitalizations are relatively
uncommon, they are expensive. Therefore, costs
associated with ETS reduction strategies could be
offset by lower health expenditures in the child.
Given that the majority of ETS exposure in the home
is due to parental smoking, the most effective ETS
reduction strategy may be to provide smoking cessation interventions to parents and possibly other
household members. Additionally, smoking cessation
has the potential to not only reduce ETS-related
health expenditures in the child with asthma but to
also offer direct health benefits to nonasthmatic
siblings and the smoker himself. The combination of

*

10%

1st Interview
2nd Interview

5%
0%

Same
(n=190)
* p=0.034

Decreased
(n=44)

Increased
(n=22)

Figure 1. Percentage of children with at least one hospitalization
as categorized by change in ETS exposure.

increased exposure. At the second interview, a
greater proportion of children were reported to have
no ETS exposure (p ⫽ 0.047).
Among children whose ETS exposure decreased,
fewer hospitalizations (p ⫽ 0.034) and ED visits
(p ⬍ 0.001) were reported in the 12 months prior to
the second interview as compared to the 12 months
prior to the first interview (Figs 1, 2). Additionally,
the odds of these children experiencing an episode of
poor asthma control are 45% of those for children
with no change or increased ETS exposure (odds
ratio [OR], 0.45; 95% confidence interval [CI], 0.23
to 0.88; p ⫽ 0.019). No significant interaction between change in ETS exposure and either year or
intervention group was detected. Adjusting for the
change in the proportion of refills between the
baseline and intervention periods only slightly attenuated the observed relationship indicating that the
observed effect of ETS exposure on episodes of poor
asthma control cannot be accounted for by a change
in use of inhaled steroids. When controlling for this
variable, the odds of having an episode of poor
asthma control among children whose exposure decreased were 48% of the odds of having an episode
of poor asthma control among children with no
change or increased ETS exposure (OR, 0.48; 95%
CI, 0.83 to 0.26, p ⫽ 0.042).

60%
50%
40%

*

30%

1st Interview

20%

2nd Interview

10%
0%

Same
(n=190)

Decreased Increased
(n=44)
(n=22)

* p<0.001

Figure 2. Percentage of children with at least one ED visit as
categorized by change in ETS exposure.
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these effects may make smoking cessation interventions the most cost-effective ETS reduction strategy.
Another important finding of this study is that
reduction in ETS exposure leads to fewer episodes of
poor asthma control that do not necessarily lead to
ED visits and hospitalizations. Improved asthma control may increase the number of asthma symptom-free
days and improve quality of life. It may also lead to
fewer medication needs and urgent health-care visits.
If realized, these benefits would make ETS reduction
and smoking cessation interventions in parents of children with asthma even more cost-effective. Future
studies should examine the cost-effectiveness of providing intensive ETS reduction strategies in combination with pharmocotherapy.
The percentage of children who had at least one
ED visit at baseline was higher among those who had
a decrease in ETS exposure than the percentage
observed in children who did not have an ETS
reduction. One explanation is that parents obtained
smoking cessation or ETS reduction counseling at
the time of the ED visit and complied with the
advice. This pattern was also observed in the hospitalization data. If this is true, it may reinforce the
notion that ED visits and hospitalizations represent a
window of opportunity for intervention as many
parents are motivated to quit.27,28
One limitation of this study is that the child’s ETS
exposure was collected via caregiver report. The
disadvantage of this method is the potential for
inaccurate reporting, particularly underreporting of
the child’s exposure. Measures of tobacco metabolites obtained from samples of bodily fluids are often
used as objective measures of ETS exposure in
children. While these measures are considered to be
less subjective, there are a number of limitations to
their use including cost and difficulty of obtaining
specimens. Parental report and biological samples
are correlated; however, Hovell et al29 suggest that
parental reports should be confirmed with direct
measures of ETS exposure. Emerson et al30 examined the accuracy of ETS exposure measures among
asthmatic children and found the reliability estimates
for parent-reported tobacco use to be much greater
than that of urine cotinine assays. In fact, the
reliability of urinary cotinine was 0.04, indicating that
the measure was unreliable. Therefore, future work
should examine this question prospectively using
both parental report and measures of tobacco metabolites as markers of ETS exposure in the children.
Another limitation of this analysis is that the number
of children who had a hospitalization or ED visit for
asthma was small. These are relatively uncommon
events even among children with asthma, and future
studies should be powered to detect these differences.
Potential policy implications from these findings

include the importance of identifying funding mechanisms to provide ETS reduction and smoking cessation counseling for parents and caregivers of children with asthma. Research to identify the most
cost-effective strategy is warranted. It is likely the
most cost-effective strategy is a smoking cessation
intervention that combines counseling with pharmacologic therapies. This combination approach has
been deemed the most effective smoking cessation
strategy2 and offers potential health benefits to the
child with asthma, nonasthmatic siblings, and the
smoker himself.
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