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Summary
The fraction of exhaled nitric oxide (FeNO), a measure of airway inflammation, shows promise as
a noninvasive tool to guide asthma management, but there is a paucity of longitudinal data about
seasonal variation and environmental predictors of FeNO in children. The objective of this project
was to evaluate how environmental factors affect FeNO concentrations over a 12-month study
period among children with doctor diagnosed asthma. We conducted a prospective cohort study of
225 tobacco-smoke exposed children age 6 to 12 years with doctor-diagnosed asthma including
measures of FeNO, medication use, settled indoor allergens (dust mite, cat, dog, and cockroach),
and tobacco smoke exposure. Baseline geometric mean FeNO was 12.4 ppb (range 1.9 to 60.9
ppb). In multivariable analyses, higher baseline FeNO levels, atopy, and fall season were
associated with increased FeNO levels, measured 6 and 12 months after study initiation, whereas
inhaled steroid use, summer season, and increasing nicotine exposure were associated with lower
FeNO levels. In secondary analyses of allergen sensitization, only sensitization to dust mite and
cat were associated with increased FeNO levels. Our data demonstrate that FeNO levels over a
year long period reflected baseline FeNO levels, allergen sensitization, season, and inhaled steroid
use in children with asthma. These results indicate that FeNO levels are responsive to common
environmental triggers as well as therapy for asthma in children. Clinicians and researchers may
need to consider an individual’s baseline FeNO levels to manage children with asthma.
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INTRODUCTION
Asthma, the most common chronic and disabling disease of childhood, is one of the leading
reasons for clinic visits, emergency room visits, and hospitalizations.1–3 In primary care
settings, the main tools used to guide asthma management are asthma symptoms, physical
examination, and peak expiratory flow meters, but these are inadequate measures of disease
status and airway inflammation.4–6 Moreover, investigators have begun to question whether
current asthma classifications provide a complete picture of the severity in children.7,8 To
enhance the medical management of asthma, physicians need a convenient and accurate test
to measure airway inflammation, asthma control, and response to treatment. An ideal
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measure of airway inflammation would reflect pharmacologic therapy and respond to
changes in an individual’s exposure to environmental triggers.

The fraction of nitric oxide in exhaled air (FeNO) has been proposed as a biomarker for
gauging an individual’s response to pharmacologic treatment because it reflects airway
inflammation, and it decreases with steroid therapy.9–13 In a recent randomized trial, Smith
et al found that maintenance doses of inhaled corticosteroid could be significantly reduced
by using FeNO to guide treatment in chronic asthma in adults.14 Thus, FeNO, is
increasingly recognized as a supplementary tool to optimize pharmacologic therapy.

FeNO may also enhance our ability to integrate the control of environmental triggers into
asthma management. Environmental interventions are an important component of asthma
management, and investigators have found that exposures to some environmental triggers
increase FeNO levels. 15–18 Sensitized individuals with asthma who are exposed to indoor
allergens have higher FeNO levels.15–18 In contrast, smoking has been associated with
decreased FeNO levels in adults.19,20 The association of environmental tobacco smoke
exposure and FeNO in children, however, is mixed, with no relationship in some studies and
an inverse association in others.21,22 Environmental exposures and asthma symptoms can
vary by season, and these exposures affect asthma control.23 One study, demonstrated that
mean FeNO levels were higher in the winter than the spring, but only winter and spring
FeNO levels were examined.24 Taken together, these studies suggest that FeNO may be
used as a biomarker to identify children with ongoing exposure to environmental
triggers.16–18,25

While FeNO shows promise as a tool to optimize pharmacologic therapy and to identify
children with exposure to environmental triggers, questions remain. First, many existing
studies that found associations of environmental exposures with FeNO levels were cross
sectional; few evaluated temporal relationships.18 Second, most prior studies did not
examine seasonal variation in FeNO. Third, few investigators used biomarkers to evaluate
the effects of a combination of environmental exposures on FeNO in children with asthma.
The utility of FeNO for integrating control of environmental triggers into asthma
management thus remains unclear.

The objectives of this analysis were to evaluate seasonal variability in FeNO levels among
children who had doctor diagnosed asthma and to determine how environmental triggers
affect FeNO levels, accounting for indoor exposures and medical management.

MATERIALS & METHODS
We used data from the cohort of children enrolled in the Cincinnati Asthma Prevention
(CAP) study for this analysis. The CAP study is described in detail elsewhere.25,26 Briefly,
the CAP study was a randomized controlled trial with the primary goal to evaluate the health
effects of use of HEPA-CPZ (High Efficiency Particulate Air-Carbon, Permanganate,
Zeolite) air cleaners in the homes of 225 children (age 6–12) who had physician diagnosed
asthma and were exposed to tobacco smoke. Children with cystic fibrosis and
neuromuscular disorders were excluded. Children and their families provided written
informed consent prior to enrollment in this year long study. This project and the CAP study
were approved by the Cincinnati Children’s Hospital Medical Center Institutional Review
Board.

FeNO Measurement
We employed trained research assistants to collect exhaled air for FeNO analysis. Air was
collected in Mylar balloons from each participant using a previously validated offline
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technique at the baseline, 6 month, and 12 month home visits.27,28 Briefly, children breathed
through a bacterial attached to the mouthpiece of a collecting tube which had a charcoal
filter on the inspiratory end of the tube to remove nitric oxide from the inhaled ambient air.
The child exhaled slowly into the collecting tube that by design maintained a flow of
approximately 50 to 79 mL/sec. The first part of each breath was not collected; after two
seconds of exhalation, a valve was closed to direct the remainder of the exhalate into the
balloon. This procedure was repeated to partially fill the balloon. We assessed sample
stability by assaying balloon samples serially (1–21 days) and used these data to adjust the
FeNO levels that were not assayed within 24 hours (E Table 1). The adjusted FeNO level
was our primary outcome variable. We confirmed our multivariable models using the
original FeNO level and the time to sample analysis variables. We used the Model 280i
nitric Oxide Analyzer (NOA) from Sievers Instruments in accordance with the
manufacturer’s instructions for all nitric oxide analyses.29

Environmental Exposure Measures
We collected measures of the home environment during the study. We employed trained
environmental technicians to collect environmental samples during three home visits over
the study period (baseline, six months, and twelve months). The technicians also measured
the volume and condition of the housing unit and assessed the type of heating and air-
conditioning during the home visits.

Settled Dust Allergens—The technician collected a dust sample from the midpoint or
largest area of the floor in the child’s bedroom using a standardized HVS-3 dust collection
method during the baseline home visit.30 We then analyzed dust samples for levels of dust
mite (Der f 1), dog (Can f 1), cat (Fel d 1), and cockroach (Bla g 1) allergen using
monoclonal ELISA technique.31–33

Indoor Airborne Particulates—We measured airborne particulate concentration
(particles per ft3) at the beginning and end of each home visit using a GT-321 particulate
monitor (Met One Instruments, Grants Pass, OR).

Allergen Sensitization—A trained pediatric phlebotomist obtained serum samples by
venipuncture at the baseline home visit. We evaluated these samples using the ImmunoCap
test (Pharmacia Diagnostics, Portage, MI) to determine allergen specific IgE levels (dust
mite, dog, cat, and cockroach).34 We considered children sensitized to an allergen if their
allergen specific IgE level was Class I or higher (≥0.35 kU/L).

Tobacco Smoke Exposure Measures—We measured tobacco exposure using a
survey, biomarkers of internal dose, and a nicotine dosimeter. At each home visit, we
surveyed guardians about the number of cigarettes smoked per day in and around the home.
We also measured hair and serum cotinine, biomarkers of exposure to tobacco smoke, using
established techniques.35–37 Additionally, we measured tobacco smoke exposure in the
home using nicotine dosimeters that were located on the back of the HEPA machines in the
main activity room at the baseline and 6-month visits, and retrieved at the 6 and 12-month
visits respectively. The dosimeters were analyzed for nicotine level using a standardized
protocol (limit of detection of 0.01 µg/ filter).38–40 We examined both nicotine µg/ filter and
µg/m3 in our analyses.

Additional Covariates
We conducted surveys about asthma history, asthma therapy, and other characteristics of the
children and their families to use as potential covariates. We surveyed the participant’s
guardian about the child’s asthma medication use, demographic information, and housing
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characteristic information (such as volume, presence of carpeting, and heating type). We
also explored seasonal variation by evaluating the calendar defined season of FeNO
collection in our models.

Data Analysis
The distributions of the FeNO data, cotinine data, and nicotine data were log-normal, so
geometric means and 95% confidence intervals (95% CI) were the primary descriptors of
central tendency and dispersion. We made comparisons between groups using t-tests and
chi-square tests. Changes in exposures, medication use, and FeNO over time were modeled
with repeated measures analysis. For all analyses, we employed the standard two sided 5%
level to determine statistical significance.

To determine the relationship between environmental factors and FeNO, the changes in
FeNO levels were modeled as a repeated measures design using a mixed-effects linear
model (Proc Mixed in SAS). This approach accounts for the correlation of measurements
within individual subject and permits modeling of the correlation structure. We considered
the six and twelve month FeNO data longitudinally while adjusting for baseline visit FeNO
values (hereafter called baseline). First we conducted separate exploratory (bivariate-type)
analyses to evaluate the relationship of each environmental factor (e.g., allergen
sensitization and exposure, tobacco smoke exposure, and medication use) or covariate with
FeNO. Next, we developed a full multivariable model guided by the results from the
exploratory analysis. Although the intervention in the CAP study (HEPA filters) did not
affect FeNO levels, to account for the design effects of intervention group assignment and
time (6 or 12 month study time point), a group and a time variable were included in all
models.

We conducted secondary analyses to attempt to distinguish the contribution of sensitization
to each of the four individual allergens separately. In these analyses, we included the
covariates from the full multivariable model. Sensitization to each allergen was treated as
dichotomous and replaced sensitization to any allergen in the full model. Additionally, we
evaluated the joint contribution of sensitization to each of the four allergens by adding all
four into the full multivariable model (with sensitization to any allergen removed). SAS
Version 9.1 (SAS Institute, Inc., Cary, NC) was used for all data analyses.

RESULTS
Complete data (including baseline allergen sensitization status, medication use, season of
FeNO collection, and FeNO) was available for 88% of participants (198 of 225) at baseline
(Table 1), 72% of participants (162 of 225) at the 6 month visit, and 78% of participants
(175 of 225) at the 12 month visit. There were no statistically significant differences
between children with complete data and those missing data. There was an even distribution
of participants across months of enrollment (E-table 2&3).

There were also no statistically significant changes over the study period in reported
medication use, FeNO, or exposure to tobacco smoke over the study period as measured by
biomarkers and air nicotine dosimeters; however, the reported number of cigarettes smoked
in the home decreased significantly (Table 2).

Candidate Predictors of FeNO
Increasing sensitization to any allergen (p=0.001), dust mite sensitization (p=0.02), cat
sensitization (p<0.001), dog sensitization (p=0.004), increasing baseline FeNO (p<0.001),
and fall season (highest level in the fall and lowest in the summer, p=0.02) were associated
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with higher FeNO levels. There was no statistically significant relationship of intervention
group assignment with FeNO levels over the study time period (p=0.35).

Age, race, gender, income, cockroach allergen sensitization, settled dust allergens, airborne
particulate concentrations, reported tobacco smoke exposure, serum cotinine, hair cotinine,
and recent upper respiratory infection were not associated with FeNO levels. The log of air
nicotine level µg/filter (p=0.131) and the log of air nicotine level µg per m3 (p=0.105) were
not associated with FeNO levels but met criteria for consideration for inclusion in the full
multivariable model.

FeNO varied by season with the highest levels in the fall followed by spring, winter, and
summer. Compared with the fall, FeNO levels were significantly lower in the summer
(p=0.002), and marginally lower in spring (p=0.054) and in winter (p=0.12). To attempt to
further differentiate seasonal effects, we created a variable for month of FeNO collection.
The relationship of the month variable with FeNO levels approached statistical significance
(Fig 1, p=0.052).

Full Multivariable Models of Predictors of FeNO
In multivariable analysis, baseline FeNO, sensitization to any allergen, season, reported use
of an inhaled steroid, and nicotine exposure (log of nicotine per m3) were predictors of
FeNO measured 6 and 12 months after study initiation, adjusting for baseline age,
intervention group assignment, and time (Table 3). Being sensitized to any allergen,
measurement season (highest in the fall and lowest in the summer), and higher baseline
FeNO were associated with an increased FeNO, whereas inhaled steroid use and increasing
nicotine exposure was associated with a decreased FeNO. The adjusted geometric mean
FeNO in allergen sensitized children was 13.7 ppb (95% CI 12.4, 15.2) compared to 10 ppb
(95% CI 8.6, 11.6) in non-sensitized children. The adjusted geometric mean FeNO in
children using inhaled steroids was 10.8 ppb (95% CI 9.2, 12.6) compared to 12.8 ppb (95%
CI 11.7, 14.0) in children not using inhaled steroids.

In secondary analyses, we attempted to distinguish the contribution of sensitization to each
of the four individual allergens separately by replacing the variable, “sensitized to any
allergen,” with sensitization to each individual allergen in four separate models. In these
analyses, being sensitized to dust mite allergen (p=0.005), cat allergen (p<0.001), or dog
allergen (p=0.002) was associated with higher FeNO levels. Cockroach allergen
sensitization was not related to FeNO levels (p=0.84).

When the variable, “sensitized to any allergen,” was replaced by all four individual allergen
sensitization variables considered together in the same model, sensitization to dust mite
allergen (p=0.013) and cat allergen (p=0.003) were associated with higher FeNO levels.
Sensitization to dog allergen (p=0.19) and cockroach allergen (p=0.402) were not related to
FeNO levels. We also found that the absolute number of allergens to which an individual
was sensitized was associated with higher FeNO levels (p<0.001).

Interactions
We tested for biologically plausible interactions (such as allergen sensitization and exposure
to settled allergens, allergen sensitization and age, and inhaled steroid use and smoke
exposure) in the full multivariable model. There was no significant interaction of
sensitization to any of the four settled indoor allergens with exposure to that specific
allergen. There was no significant interaction of season of FeNO collection with being
sensitized to any allergen, exposure to any of the settled allergens, log of air nicotine level
µg per m3, gender, race, income, or time. The interaction of being sensitized to any allergen
and baseline age was not statistically significant (p=0.09). Finally, there was no significant
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interaction of reported use of an inhaled steroid with any of the tobacco smoke exposure
measures.

In a secondary analysis we tested for interactions of individual allergen sensitizations with
individual allergen exposures and with season. There were no significant interactions of type
specific allergen sensitization and allergen exposure. There was an interaction of season of
FeNO collection with sensitization to dust mite allergen (p=0.01); sensitization to dust mite
allergen was associated with significantly higher levels of FeNO during every season, but it
was most pronounced in the fall. The interaction of season of FeNO collection with
sensitization to dog allergen was marginally significant (p=0.06); sensitization to dog
allergen was associated with higher levels of FeNO during every season, but it was most
pronounced in the winter and fall. The interactions of season of FeNO collection with
sensitization to cat allergen and cockroach allergen were not statistically significant.

DISCUSSION
We identified several predictors of FeNO levels in children with asthma. FeNO levels were
higher among those children with higher baseline FeNO levels, higher in the fall and lower
in the summer, higher among children who were sensitized to one or more allergens, and
lower among children who were reportedly using inhaled steroids. Our study also provides
information on seasonal changes and FeNO trends over time. These findings indicate that
FeNO levels respond to many common asthma triggers and mediators. An ideal biomarker
for asthma control would reflect pharmacologic intervention, as well as respond to changes
in an individual’s exposure to environmental triggers. FeNO appears to fit these
characteristics.

We found that baseline FeNO levels were associated with subsequent FeNO levels. This
finding is consistent with work by Roberts et al.18 In their study, Roberts et al. used
standardized FeNO levels to account for some of the individual differences in FeNO. Our
inclusion of baseline visit FeNO levels in the models, which should have adjusted for the
individual differences in FeNO levels, indicate that using population standard or “normal”
FeNO levels may be insufficient. Thus, it is important to consider an individual’s baseline
FeNO levels for managing children with asthma. Indeed, the relationship of age and FeNO
was not significant upon inclusion of baseline FeNO levels suggesting that if baseline FeNO
is considered, the previously identified age and FeNO relationship is not as important.
Ultimately, these differences in FeNO may also help to identify children who have a specific
variant of asthma, more severe asthma, or that may benefit from control of environmental
triggers.

We found that FeNO levels varied by season among children with atopic and nonatopic
asthma. In a study by Koenig et al, the authors reported that mean FeNO levels were higher
in the winter than the spring (19.9±12.4 ppb vs. 12.7±6.7 ppb), but the differences were not
statistically different.24 In the present study, the highest levels of FeNO occurred in the fall,
followed by spring, winter, and summer. The seasonal variation in FeNO levels did not
differ when stratified by overall allergen sensitization status or tobacco smoke exposure
levels, but there were seasonal differences in FeNO levels among children who were
sensitized to dog or dust mite allergen.

Seasonal variation could be due to infectious agents or allergen exposures. We did not find
that FeNO levels were associated with parent reported respiratory illness, but FeNO may
rise in the presence of select infectious agents.42 The higher levels of FeNO in the fall might
also be due to higher levels of exposure to dog or dust mite allergen. Dust mite allergen
levels are higher in the fall, for example, and this might explain the elevation of FeNO levels
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among dust mite sensitized children during that season.43 The seasonal variation in FeNO
levels could also be due to seasonal variation of ambient pollution or outdoor allergens, such
as pollens and fungal spores.

Consistent with prior research, we found that being sensitized to common allergens was
associated with increased FeNO levels.17,25,41 In secondary analyses we found that this
relationship was driven by sensitization to cat allergen and dust mite allergen, perhaps
because of the higher prevalence of sensitization to cat and dust mite allergen in our cohort.
Studies of children with higher prevalence of sensitization to dog or cockroach allergen may
find that dog and cockroach allergen sensitization is associated with FeNO levels.
Regardless, consistent with other studies, these data indicate that allergen sensitization
clearly plays a large role in determining FeNO levels in children.

The finding that inhaled steroid use predicts lower FeNO levels is consistent with previous
work.12,44 In fact, the FDA approved the use of FeNO in individuals with asthma to monitor
response to anti-inflammatory agents.44 The results of the present study confirm that FeNO
may be a valuable biomarker of response to inhaled anti-inflammatory therapy in children
with asthma.

The relationship between tobacco smoke exposure and FeNO levels in children who have
asthma is unclear.21,22,45 We found a good correlation between the tobacco smoke exposure
measures in this study (E table 4, 5, & 6), but the reported number of cigarettes smoked in
the home decreased during the study while the biomarkers of exposure did not. This
suggests that reported exposure was subject to recall bias. We found that tobacco smoke
exposure, as measured by airborne nicotine, was associated with lower FeNO levels. In
contrast, neither the biomarkers nor parent reported tobacco smoke exposure was associated
with FeNO levels. Since the majority of tobacco smoke measures in this study were not
related to FeNO levels, tobacco smoke exposure may not affect FeNO levels in children
with asthma. Alternatively, airborne nicotine may be a more direct measure of the fraction
of tobacco smoke that affects the lung and therefore affects FeNO levels.

There are several limitations to this study. First, the cohort only included tobacco smoke
exposed children with asthma; there was not an unexposed control group. There was,
however, a wide range of exposure to tobacco smoke and we included extensive measures of
exposure that allowed us to test and quantify for effects of exposure. Moreover, data from
nationally representative samples suggests that 85% of children 4 to 16 years of age have
measurable levels of tobacco smoke exposure.46 Thus, our findings should be representative
of a large proportion of children with asthma. A second potential limitation is that we only
had baseline measures of settled dust allergens. Although some investigators have found that
a single measurement of settled dust allergens may be a good proxy for one year exposure,
this limitation prevented us from evaluating whether changes in settled allergen exposures
were associated with changes in FeNO.47 A third potential limitation is that we relied on
parent reported medication use. Still, reported medication is a relatively accurate measure of
use.48 A fourth limitation is that we were not able to measure flow during our FeNO
collection, but we had a restricted range of flows. This limitation means that our FeNO
levels while generalizable to other groups may not be comparable to those groups using a
specific flow rate beyond the range we used. Our method was replicable, demonstrating a
coefficient of variation of 17% in other studies (unpublished data).

This study has shown that FeNO reflects anti-inflammatory therapy and recognized
environmental triggers such as allergen sensitization and season. These results also suggest
that clinicians and researchers may need to consider an individual’s baseline FeNO levels to
manage children with asthma. With these factors in mind, FeNO may help physicians assess
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airway inflammation to tailor individual asthma management through pharmacologic and
environmental interventions. Thus, these results hold promise for the use of FeNO in asthma
management.
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Fig 1. Geometric Mean FeNO by Month, Adjusted for Baseline FeNO, Group Assignment, and
Time (study time point) of Collection (p=0.052)
Solid Circle = Month; Open Circle = Season (winter: December 20 – March 19, spring:
March 20 – June 20, summer: June 21 – September 21, and fall: September 22 – December
19)
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Table 1

Baseline Demographics, Characteristics, Exposures, and Geometric Mean FeNO levels of Study Participants

N (%)

Number of subject 198 (88)

Male 126 (63.6)

Female 72 (36.4)

Age (years) (Mean ± Std dev) 9.4 ± 1.8

    6–8.5 71 (35.9)

    8.5–10.5 64 (32.3)

    10.5–13 63 (31.8)

Race

    African American 111 (56.1)

    Caucasian 82 (41.4)

    Other 5 (2.5)

Income

    <$20,000 89 (46.8)

    $20–40,000 61 (32.1)

    >$40,000 40 (21.2)

Season at Baseline FeNO collection

    Winter 53 (26.8)

    Spring 56 (28.3)

    Summer 52 (26.2)

    Fall 37 (18.7)

Dust Mite Allergen Sensitized

    Yes 91 (46.0)

    No 107 (54.0)

Cat Allergen Sensitized

    Yes 77 (38.9)

    No 122 (61.1)

Dog Allergen Sensitized

    Yes 34 (17.2)

    No 164 (82.8)

Cockroach Allergen Sensitized

    Yes 61 (30.8)

    No 137 (69.2)

Sensitized to Any Allergen

    Yes 130 (65.7)

    No 68 (34.3)

Settled Allergen Levels (Mean, 95% CI)

    Dust Mite (µg/g) 7.0 (2.8,10.2)

    Cat (µg/g) 15.2 (7.9,22.5)

    Dog (µg/g) 20.2 (8.4,31.9)
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N (%)

    Cockroach (Units/g) 0.1 (0.05, 0.2)
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Table 2

Medication use, Tobacco Smoke Exposure, and FeNO of Study Participants at Each Visit

Baseline
Visit

6 Month
Visit

12 Month
Visit

p-Value
(time trend)*

Reported use of inhaled corticosteroid,
N (%)

50(25.3) 40 (24.7) 38 (21.7) 0.31

Reported an oral corticosteroid burst
the last 3 months, N (%)

63 (32) 38 (23.5) 46 (26.3) 0.15

Serum Cotinine ng/ml
Geometric Mean (95% CI)

1.23
(1.04, 1.47)

1.04
(0.84, 1.290)

1.17
(0.94, 1.46)

0.33

Hair Cotinine ng/mg
Geometric Mean (95% CI)

0.14
(0.11, 0.16)

0.11
(0.09, 0.14)

0.15
(0.12, 0.18)

0.33

Cigarettes smoked in the home
(Mean ± Std dev)

16.9 ± 12.2 14.9 ± 13 13.2 ± 11.1 <0.001

Cigarettes smoked in the home
per home volume
(Mean ± Std dev)

0.08 ± 0.07 0.07 ± 0.06 0.07 ± 0.06 <0.001

Air Nicotine (µg)
Geometric Mean (95% CI)

NA 2.77
(2.02, 3.8)

3.13
(2.33, 4.21)

0.94

Air Nicotine (µg per m3)
Geometric Mean (95% CI)

NA 0.44
(0.32, 1.67)

0.5
(0.37, 0.67)

0.82

FeNO (ppb)
Geometric Mean (95% CI)

12.4
(11.2, 13.6)

12.3
(11.1, 13.6)

13.4
(12.1, 14.8)

0.15

*
There was no statistically significant association of group assignment or group* time with any of these variables.
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Table 3

Full Multivariable Model of Predictors of FeNO, adjusted for baseline FeNO, intervention group assignment,
and Time (study time point)

Variable Adjusted Parameter
Estimate

Standard
Error

P value

Baseline Age 0.024 0.022 0.269

Group

    Placebo filter −0.069 0.076 0.3675

    HEPA filter Ref. --

Time (study time point) 0.016 0.0087 0.066

Baseline FeNO 0.3298 0.061 <0.0001

Sensitized to Any allergen

    No −0.3155 0.09 0.0006

    Yes Ref. --

Season (0.002)

    Winter −0.1564 0.0901 0.0849

    Spring −0.1270 0.0731 0.0846

    Summer −0.3562 0.0912 0.0001

    Fall Ref. -- Ref.

Uses Inhaled Steroid Daily

    No 0.1714 0.0801 0.0416

    Yes Ref. --

Log Nicotine (µg/m3) −0.0373 0.018 0.0415

Pediatr Pulmonol. Author manuscript; available in PMC 2012 October 30.


