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Associations of Fraction of Exhaled Nitric Oxide
with Beta Agonist Use in Children with Asthma

Adam J. Spanier, M.D., Ph.D., M.P.H.,1 Robert S. Kahn, M.D., M.P.H.,2 Richard Hornung, Dr.P.H.,2

Michelle Lierl, M.D.,3 and Bruce P. Lanphear, M.D., M.P.H.2,4

The fraction of exhaled nitric oxide (FeNO), a measure of airway inflammation, is a potential noninvasive tool to
guide asthma management in children. It remains unclear, however, if FeNO adds any information beyond
clinical assessment of asthma control. We evaluated the associations of FeNO level with short acting beta agonist
use and compared it with other clinical asthma assessments. We examined a prospective cohort study of 225
tobacco-smoke-exposed children aged 6–12 years with doctor-diagnosed asthma, including measures of FeNO,
reported days of short acting beta agonist use, and unscheduled asthma visits. FeNO was analyzed in relation to
current and future (3 months later) short acting beta agonist use. Mean FeNO at baseline, 6, and 12 months was
15.5, 15.7, and 16.8 ppb. In multivariable analyses, higher FeNO level was associated with increased short acting
beta agonist use but only among children who were not on inhaled corticosteroids. Among those not on an
inhaled steroid, there was a 12% increase in current and 15% increase in future days of short acting beta agonist
use for every 10 ppb increase in FeNO level. FeNO levels remained associated with current short acting beta
agonist use even after adjusting for unscheduled asthma visits. FeNO levels remained associated with future
short acting beta agonist use even after adjusting for current short acting beta agonist use or unscheduled asthma
visits. We conclude that FeNO levels are associated with short acting beta agonist use but only among children
who are not on an inhaled corticosteroid.

Introduction

Asthma is a disease characterized by chronic airway
inflammation, but most primary care practitioners rely

on reported medication use, symptoms, and quality of life
measures to assess asthma control.1,2 These measures do not
directly measure levels of inflammation. The fraction of ex-
haled nitric oxide (FeNO) is an FDA-approved tool for
monitoring response to anti-inflammatory medications, but
it is not currently indicated for monitoring asthma control.3,4

FeNO levels correlate with markers of inflammation in
children with asthma.5,6 FeNO levels are associated with
percent eosinophils and eosinophil cationic protein in
bronchoalveolar lavage fluid and peripheral blood eosino-
phils.5,6 FeNO levels rise after exposure to known asthma
triggers, decrease in response to anti-inflammatory therapy,
and rise after steroid withdrawal.7–13 Smokers have lower
FeNO levels, but investigators report varied associations of
passive smoke on FeNO levels ranging from no effect to

inverse association.14–16 In cross-sectional analyses, FeNO
level is correlated with asthma control as measured by
physician clinical assessment.17,18 In these studies, clinical
control was defined by combining clinical parameters (peak
flow, reported symptoms, activity limitation, and short act-
ing beta agonist use). The creation of combined control
measures may be less generalizable than singular measures.
Thus, questions remain about whether FeNO levels predict
asthma control based on single parameters or whether FeNO
levels predict asthma control over time beyond currently
used asthma clinical assessments.13,18,19

Short acting beta agonist use is one simple measure that
reflects asthma impairment. The frequency of short acting
beta agonist use has been associated with emergency de-
partment visits and hospitalization.20 Our objectives were to
(1) examine whether FeNO levels were associated with cur-
rent impairment as measured by short acting beta agonist
use, (2) examine whether FeNO levels were associated with
short acting beta agonist use at 3-month follow-up, and (3)
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explore whether FeNO levels provided any additional in-
formation about short acting beta agonist use after account-
ing for daily beta agonist use over the previous 2 weeks or
unscheduled asthma visits.

Materials and Methods

We used data from the Cincinnati Asthma Prevention
(CAP) study for this analysis. Briefly, the CAP study was a
12-month-long, randomized controlled trial to evaluate the
efficacy of high efficiency particulate air cleaners in the homes
of 225 children (age 6–12 years old) who had physician-
diagnosed asthma and were exposed to tobacco smoke.7 This
project and the CAP study were approved by the Cincinnati
Children’s Hospital Medical Center Institutional Review
Board. Trial Registration Name is Environmental Exposures,
Genetics, and Exhaled Nitric Oxide in Pediatric Asthma,
NCT00395096.

FeNO measurement

Research assistants collected exhaled air for FeNO analysis
according to the offline technique at baseline, 6 months, and
12 months home visits.21 Briefly, children inhaled through a
bacterial filter attached to the mouthpiece of a collecting tube
that had a charcoal filter on the inspiratory end of the tube to
remove nitric oxide from the inhaled ambient air (Deadspace
Discard Kit; Sievers Instruments, Boulder, CO). The child ex-
haled slowly into the collecting tube maintaining a slow ex-
halation flow in the range of 50–80 mL/s. After discarding the
first part of the exhaled breath, a valve was activated to direct
the remainder of the breath into a Mylar balloon. We used the
Model 280i nitric Oxide Analyzer (Sievers Instruments) ac-
cording to the manufacturer’s instructions for nitric oxide
analyses.21 FeNO values were not communicated with pro-
viders and did not affect treatment decisions.

Asthma measures and covariates

We collected demographic information at baseline and
surveyed the participant’s guardian about the child’s asthma
symptoms and treatment by telephone or in person every 3
months (Table 1). The main outcome variable, short acting
beta agonist use over the previous 2 weeks, was based on the
parent’s response to the question, ‘‘Over the last 2 weeks,
how often has [Child] taken albuterol (or another short act-
ing inhaled medicine to control asthma symptoms)?’’ An-
swer choices were converted into days of use over the 2
weeks (‘‘every day’’ was coded 14, ‘‘ ‡3 days per week’’ was
coded 9, ‘‘1–2 days per week’’ was coded 3, ‘‘ < once a week’’
was coded 1, and ‘‘Not at all’’ was coded 0).

We defined a child as using an inhaled steroid only if it
responded that an inhaled steroid was prescribed and that it
uses their inhaled steroid daily (Table 1). We considered a
child as having an oral steroid burst if it responded yes to the
question of oral steroid burst (Table 1). We defined a child as
having a recent asthma-related upper respiratory infection if
it answered a little of the time or anything more frequent to
the question of recent cold (Table 1). The measure, un-
scheduled asthma visits, was created by combining the re-
sponses to the questions (1) how many times in the past 3
months has [Child] stayed overnight in the hospital (separate
hospitalizations), (2) how many times in the past 3 months
was [Child] seen in the emergency department for asthma,

and (3) how many times in the last 3 months was [Child]
seen in a doctor’s office or clinic for problems with asthma,
for a visit scheduled < 24 h in advance (separate visits).

We administered the Children’s Health Survey for Asth-
ma at baseline.22 This quality-of-life measure assessed the
components included in the National Asthma Education and
Prevention Program (NAEPP) asthma severity classification
system except pulmonary function. We used reported day-
time symptoms, nighttime symptoms, activity limitation,
beta agonist use, and recent exacerbations to classify baseline
child asthma severity according to the NAEPP.23

We quantified tobacco exposure using hair and serum
cotinine, biomarkers of tobacco exposure. We collected and
assayed hair and serum using standard techniques at each
home visit (liquid chromatography–tandem mass spectrom-
etry).24–26 The lower detection limits for hair and serum co-
tinine were 0.005 ng/mg and 0.05 ng/mL respectively.

Data analysis

We used arithmetic means and 95% confidence intervals
to describe central tendency and dispersion of key measures.
We compared group with and without FeNO data using t-
tests to test to test for differences in means and chi-square
tests to test for differences in frequencies. We employed the
standard 2-sided 5% level to determine statistical significance
for analyses.

The outcome variable was days of short acting beta agonist
use over the previous 2 weeks. This outcome was assessed
every 3 months (at baseline, 3, 6, 9, and 12 months). The

Table 1. Key Survey Questions

Beta Agonist Use

Q: Over the last 2 weeks, how often has [Child] taken
albuterol (or another short acting inhaled medicine to
control asthma symptoms)?

A: Daily, ‡ 3 Days per week, 1–2 Days per week, < Once
a week, Not at all, Don’t know

Inhaled Steroid Use

Q: Is [Child] currently prescribed a long acting inhaled
steroid medication to prevent asthma symptoms, such
as Vanceril, Beclovent, Azmacort, Flovent, Q-Var, Aerobid,
or Pulmicort?

A: Yes, No, Don’t know

Q: Over the last 2 weeks, how often has [Child] taken
this inhaled steroid (referring to previous question)?

A: Daily, ‡ 3 Days per week, 1–2 Days per week, < Once
a week, Not at all, Don’t know

Oral Steroid Burst in the Last 3 months

Q: In the last 3 months, did [Child] take prescription
steroids for asthma, such as prednisone, prelone,
pediapred, or orapred?

A: Yes, No, Don’t know

Recent Upper Respiratory Infection

Q: During the past 2 weeks, how much of the time has
[Child] had wheezing with a cold?

A: All of the time, Most of the time, Some of the time,
A little of the time, None of the time, Don’t know
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primary independent variable of interest, FeNO levels, was
obtained every 6 months (at baseline, 6, and 12 months). We
used 2 analytic approaches. Both analyses were conducted
separately with a repeated measures design using a general
estimating equation model (Proc GenMod in SAS) with sub-
jects (children) as a random effect and subject characteristics
as fixed effects. We used a negative binomial distribution for
our model as it offered the best fit based on deviance. In the
first longitudinal analysis, referred to as the ‘‘current’’ model,
FeNO levels were examined with concurrent short acting beta
agonist use (at 0, 6, and 12 months). In the second longitudinal
analysis, referred to as the ‘‘future’’ model, we tested whether
baseline FeNO levels were associated with short acting beta
agonist use at 3 months, and 6-month FeNO levels were as-
sociated with short acting beta agonist use at 9 months.

In both analyses, we first conducted bivariate analyses to
evaluate the relationship between FeNO and short acting beta
agonist use. Next, we developed a full multivariable model
including environmental, demographic, and treatment covari-
ates determined to be significant in earlier studies.7,27 We ex-
plored interactions of covariates with FeNO levels in these
models. A primary interaction of interest was inhaled steroid
use as it is associated with FeNO levels and asthma control.9,27

If the interactions were significant, we stratified the model by
the interaction variable. After developing these adjusted mod-
els, we inserted other clinical measures of asthma status (daily
beta agonist use over the previous 2 weeks and unscheduled
asthma visits) individually into the models to determine the
association of these factors with beta agonist use relative to the
FeNO association. Although the intervention in the CAP study
(air filters) did not affect FeNO levels, we included a group and
a time variable in all models to account for potential design
effects of intervention group assignment. SAS Version 9.2 (SAS
Institute, Inc., Cary, NC) was used for all data analyses.

Results

The mean age of participants at baseline was 8.6 years,
about two-thirds of children were male, and 42% were
Caucasian (Table 2). FeNO levels were available from 90% of
the participants at baseline, 89% at 6 months, and 89% at 12
months. Characteristics and outcomes of the participants
from whom FeNO levels were available did not differ sig-
nificantly from those from whom FeNO levels were un-
available, except for sex and income (Table 2). Arithmetic
mean FeNO levels at baseline, 6, and 12 months were 15.5,
15.7, and 16.8 ppb, respectively. Means of the asthma mea-
sures varied little over the time period (Table 3).

Current short acting beta agonist use

In bivariate analysis, there was no association of FeNO level
with current days of short acting beta agonist use (b= 0.003,
P = 0.41). There was no association of any individual smoke
exposure variable with current short acting beta agonist use
except for serum cotinine (P = 0.024). The inclusion of serum
cotinine did not significantly affect the estimate of the coeffi-
cient for FeNO; it changed from 0.008 to 0.0079. Thus, we did
not include measures of tobacco smoke exposure in the mul-
tivariable analysis of current short acting beta agonist use.

In the multivariable analysis, the FeNO relationship with
days of short acting beta agonist use changed b = 0.003 and
P = 0.45 with the addition of oral steroid burst in the previous
3 months, to b = 0.005 and P = 0.17 with the addition of
baseline age, b = 0.007 and P = 0.05 with the addition of in-
haled steroid use, and b= 0.004 and P = 0.34 with the addition
of cold in the past 2 weeks. In multivariable analysis, higher
FeNO level was associated with increased current days of

Table 2. Baseline Characteristics of Study

Participants

FeNO
available

FeNO
missing P value

Number of participants, N (%) 203 (90.2) 22 (9.8) N/A
Gender

Female 73 (36.0) 13 (59.1) 0.04
Male 130 (64.0) 9 (40.9)

Race
African-American 112 (55.2) 13 (59.1) 0.82
Caucasian 86 (42.4) 9 (40.9)
Other 5 (2.4) 0 (0)

Income
< $20,000 89 (45.6) 5 (23.8) 0.01
$20,000–$40,000 63 (32.3) 5 (23.8)
> $40,000 43 (22.1) 11 (52.4)

Sensitized to indoor allergens
No 69 (34.7) 7 (31.8) 0.79
Yes 130 (65.3) 15 (68.2)

Baseline age (years),
mean – standard deviation

8.6 – 1.8 8.7 – 2.0 0.82

Baseline NAEPP Classification
Intermittent 41 (20.2) 5 (22.7) 0.93
Mild persistent 58 (28.6) 5 (22.7)
Moderate persistent 41 (20.2) 5 (22.7)
Severe persistent 63 (31.0) 7 (31.8)

Season during baseline
FeNO Collection
Winter 55 (27.1) N/A N/A
Spring 58 (28.6)
Summer 52 (25.6)
Fall 38 (18.7)

Not on an inhaled steroid 152 (75.3) 16 (72.7) 0.80
Baseline FeNO (ppb),

mean – standard deviation
15.5 – 11.2 N/A N/A

N/A, not applicable; FeNO, fraction of exhaled nitric oxide;
NAEPP, National Asthma Education and Prevention Program.

Table 3. Fraction of Exhaled Nitric Oxide Levels and Study Outcomes Over the Study Period,

Mean and 95% Confidence Interval

Baseline 3 months 6 months 9 months 12 months

FeNO (ppb) 15.5 — 15.7 — 17.1
(13.9, 17.1) (13.9, 17.4) (15.2, 18.4)

Beta agonist use (number of days
in previous 2 weeks)

5.8 5.2 4.6 5.1 4.3
(5.0, 6.5) (4.4, 6.0) (3.8, 5.4) (4.3, 5.9) (3.5, 5.1)
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short acting beta agonist use (Table 4, b= 0.008, P = 0.03),
adjusting for group, timing, baseline age, inhaled steroid use,
recent oral steroid burst, and cold in the past 2 weeks.

There was an interaction of inhaled steroid use and FeNO
level, so we stratified the analysis (Table 4, interaction term
P = 0.04). We found that higher FeNO levels were associated
with increased current short acting beta agonist use among
children, but only for those who were not on an inhaled
steroid (Table 4).

Future short acting beta agonist use
(3-month follow-up)

Higher FeNO levels were associated with increased short
acting beta agonist use (b= 0.011, P = 0.01) at 3-month follow-
up in bivariate analysis. There was no association of any of
the smoke exposure variables with future short acting beta
agonist use.

In multivariable analysis, higher FeNO levels were asso-
ciated with increased short acting beta agonist use at 3-
month follow-up (Table 4, b = 0.012, P = 0.02), adjusting for
group, timing, race, inhaled steroid use, recent oral steroid
burst, and a cold in the past 2 weeks.

There was an interaction of inhaled steroid use and FeNO
level, so we stratified the analysis (Table 4, interaction term
P = 0.06). Higher FeNO levels were associated with increased
short acting beta agonist use at 3-month follow-up, but only
for those who were not on an inhaled steroid (Table 4).

FeNO level’s value in comparison to other
clinical control measures

Short acting beta agonist use could not be added to the
analysis of current short acting beta agonist use because the
predictor was also the outcome. When unscheduled asthma

visits was added to the analysis of current short acting beta
agonist use, higher FeNO levels were still associated with in-
creased current short acting beta agonist use (b= 0.008, P = 0.03).

Higher FeNO levels were still associated with increased
short acting beta agonist use at 3-month follow-up when we
adjusted for recent short acting beta agonist use at time of
FeNO measurement (b= 0.010, P = 0.03) or recent unsched-
uled asthma visits (b= 0.013, P = 0.01). When we explored the
adjustment for recent short acting beta agonist use and recent
unscheduled asthma visits limited to children who were not
on inhaled steroids, the associations were consistent with
those for the whole group.

Discussion

We found that higher FeNO levels were associated with a
modest increase in current short acting beta agonist use and
short acting beta agonist at 3-month follow-up, but only
among children who were not on an inhaled corticosteroid.
The association of FeNO level with short acting beta agonist
use remained significant even after accounting for other
clinical asthma tools (reported short acting beta agonist use
or unscheduled asthma visits), suggesting that FeNO level
provides supplementary data about short acting beta agonist
use in children who are not on an inhaled steroid.

The children in this study were all smoke exposed, two-
thirds were male, over half were black, and a majority were
from lower income families (Table 2). Among these children,
we found that FeNO levels were associated with a modest
increase in current and future (at 3-month follow-up) short
acting beta agonist use, but this relationship was only pres-
ent among children who were not on inhaled steroid ther-
apy. Among those not on an inhaled steroid, there was a 12%
increase in current days of short acting beta agonist use and
15% increase in days of short acting beta agonist at 3-month

Table 4. Adjusted Associations of Fraction of Exhaled Nitric Oxide Level

with Beta Agonist Use

Current beta agonist usea Future beta agonist useb

Model Estimate (95% CI) P value

Difference in days
of use comparing
95th to 5th FeNO

percentile (95% CI)c Estimate P value

Difference in days
of use comparing
95th to 5th FeNO

percentile (95% CI)c

FeNO (ppb) 0.008 0.03 31% 0.012 0.02 50%
(0.001, 0.014) (1, 71) (0.002, 0.024) (8, 110)

Stratified by
steroid use:d

Not on inhaled
steroids

FeNO 0.011 0.006 47% 0.014 0.01 63%
(0.003, 0.019) (12, 93) (0.003, 0.026) (8, 146)

On inhaled
steroids
FeNO - 0.008 0.29 - 23% 0.0001 0.99 0.3%

( - 0.024, 0.006) ( - 53, 28) ( - 0.014, 0.016) ( - 39, 66)

aAdjusted for group, time, baseline age, inhaled steroid use, oral steroid bursts in last 3 months, and recent upper respiratory tract
infection.

bAdjusted for group, time, race, inhaled steroid use, oral steroid bursts in last 3 months at FeNO measurement, and recent upper
respiratory tract infection.

cThis column represents the difference in days of use of beta agonist comparing a child in the 95th percentile of FeNO to a child in the 5th
percentile of FeNO.

dInteraction of FeNO level and inhaled steroid use; current beta agonist use P = 0.04, future beta agonist use P = 0.06.
CI, confidence interval.
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follow-up for every 10 ppb increase in FeNO level. This
confirms what has been noted in another study citing a poor
correlation of FeNO with sputum eosinophils among pa-
tients with oral steroid-dependent asthma.28 FeNO levels
have been shown to represent eosinophilic airway inflam-
mation, and higher levels of inflammation (higher FeNO
levels) are associated with restricted air flow and more fre-
quent short acting beta agonist use.6 For a child on an in-
haled steroid, FeNO values may not be useful for predicting
short acting beta agonist use.

In the unadjusted analysis of current days of short acting
beta agonist use, there was no association of FeNO level;
however, after adjusting for inhaled steroid use the associa-
tion was significant. Moreover, the association of FeNO levels
with short acting beta agonist use was only present among
children not on inhaled steroids. This finding suggests that
FeNO levels may not reflect or predict short acting beta ag-
onist use for children who are using inhaled steroids. Since
inhaled steroids are an important component of asthma
management, this finding might also help explain why several
of the trials of the use of FeNO in the clinical management of
asthma have been unsuccessful.29–31 We found that FeNO
does offer information about short acting beta agonist use in
addition to that provided by other clinical tools that predict or
reflect asthma status (days of short acting beta agonist use
over the previous 2 weeks and unscheduled asthma visits). In
the analysis of predictors of short acting beta agonist use at 3-
month follow-up, both FeNO level and current short acting
beta agonist use were associated with future short acting beta
agonist. Therefore, while FeNO provides additional informa-
tion for children not on an inhaled steroid, the relatively
modest contribution of this information and the cost of the
measurement may limit its value.

According to the American Thoracic Society and Euro-
pean Respiratory Society, there is no clear definition of
asthma control.32 The term ‘‘asthma control’’ implies a global
assessment of symptoms, use of short acting beta agonists,
pulmonary function, and exacerbation frequency.32 We chose
to focus on a single factor, reported beta agonist use, because
it is a proximal measure of asthma control.20 Furthermore,
short acting beta agonist use is a key component of many
asthma clinical tools, including the Asthma Control Test, the
Asthma Control Questionnaire, and Global Initiative for
Asthma Guidelines.23,33–35 We have shown that for children
not on an inhaled steroid, FeNO levels reflect current
short acting beta agonist use and predict short acting beta
agonist use at 3-month follow-up. Investigators have ex-
plored the correlation of FeNO levels with other measures
of asthma control, but most of these studies were cross-
sectional.8,17,18,33 There have been a few trials of the use of
FeNO in the clinical management of children with asthma,
but there has been little focus on whether FeNO levels are
associated with asthma status over time.13,30,31,36,37

There are some limitations to this analysis. First, we relied
on parental report of short acting beta agonist use. While this is
a limitation, it does represent data that is typically obtained in
the clinic setting. Additionally, there is evidence to suggest that
parents are relatively accurate in their report of medication
use.38 Second, the cohort was limited to children who were
exposed to household tobacco smoke. Still, according to Na-
tional Health and Nutrition Examination Survey data (2007–
2008), over half of nonsmoking children age 3–18 years have
detectable second-hand smoke exposure, and 18% of children

lived with someone who reportedly smoked inside the home.39

Thus, these results are important for a large fraction of children
with asthma. Third, smoke exposure is associated with neu-
trophilic inflammation, and may have attenuated associations
of FeNO levels with asthma symptoms. Fourth, there is no gold
standard tool for assessment of asthma control; most guide-
lines rely on medication use to define asthma control and as an
outcome. For this reason we chose to focus on short acting beta
agonist use, a factor that is common to most questionnaires
designed for assessment of asthma.

We have shown that FeNO levels reflect current short
acting beta agonist use and predict short acting beta agonist
use at 3-month follow-up. FeNO levels also provide infor-
mation about asthma control in children that may supplement
other clinical tools (short acting beta agonist use or unsched-
uled asthma visits). However, the modest association of FeNO
level with short acting beta agonist use is limited to children
who are not on an inhaled steroid. Thus, the utility of FeNO
may be limited because most patients with moderate to severe
asthma are or should be on an inhaled steroid.
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