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      Although major strides in asthma management in 
the last 20 to 30 years have resulted in an overall 

reduction in asthma morbidity, there has been little 
impact on asthma morbidity among minority popula-
tions. New approaches to asthma management are 
needed to reduce morbidity for this high-risk popula-
tion in particular. One approach is to identify biomark-
ers that predict exacerbations so that treatment can be 
intensifi ed and risk of exacerbation mitigated. Mea-
surement of fractional exhaled nitric oxide (F eno)  has 
emerged as a candidate biomarker for just this appli-
cation, since it is a noninvasive measure of pulmonary 
infl ammation. Predicting exacerbations in high-risk 

groups such as urban minorities would be especially 
helpful as it would afford the opportunity to intervene 
before impending exacerbations, with the ultimate goal 
of reducing asthma morbidity. 

 A randomized controlled trial tested the effi cacy of 
incorporating F eno  measurements into asthma treat-
ment decisions.  1   In this study, inner-city adolescents 
and young adults with moderate to severe asthma were 
randomized to one of two asthma management groups: 
the National Asthma Education and Prevention Pro-
gram (NAEPP) guidelines-based asthma management 
group or the NAEPP guidelines plus F eno -based 
asthma management group. The study found that 

  Background:    American Thoracic Society guidelines support using fractional exhaled nitric oxide 
(F ENO )   measurements in patients with asthma and highlight gaps in the evidence base. Little is 
known about the use of F ENO  levels to predict asthma exacerbations among high-risk, urban, minor-
ity populations receiving usual care. 
  Methods:    Children with persistent asthma (n  5  138) were enrolled in a prospective, observational 
cohort study and skin tested at baseline (a wheal  �  3 mm indicated a positive skin-prick test). 
F ENO  levels, lung function, and asthma-related health-care use were assessed at baseline and 
every 3 months thereafter for 1 year. Relationships between F ENO  levels and health-care use in 
the subsequent 3 months were examined. Final models accounted for repeated outcome measures 
and were adjusted for age, sex, and lung function. 
  Results:    The mean age of the children was 11 years (range, 5-17 years), and most were male (57%), 
black (91%), and atopic (90%). At baseline, the median F ENO  level was 31.5 parts per billion 
(interquartile range, 16-61 ppb) and mean FEV 1 /FVC was 80.7% (SD,  �  9.6%). There were 237 acute 
asthma-related health-care visits, 105 unscheduled doctor visits, 125 ED visits, and seven hospitaliza-
tions during the follow-up period. F ENO  level was not a signifi cant predictor of acute visits, ED visits, 
unscheduled doctor visits, or hospitalization in either unadjusted or adjusted analyses. Use of rec-
ommended cut points did not improve the predictive value of the F ENO  level (positive predictive 
value, 0.6%-32.8%) nor did application of the guideline-based algorithm to assess change over time. 
  Conclusions:    F ENO  level may not be a clinically useful predictor of health-care use for asthma 
exacerbations in urban minority children with asthma.    CHEST 2013; 144(3):923–929   

  Abbreviations:  ATS  5  American Thoracic Society; F eno   5  fractional exhaled nitric oxide; ICS  5  inhaled corticosteroid; 
NAEPP  5  National Asthma Education and Prevention Program; ppb  5  parts per billion 
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ipants were between ages of 5 and 17 years, inclusive, at enrollment; 
met NAEPP criteria for persistent asthma; had an exacerbation in 
the previous 12 months; and were nonsmokers. Written consent 
was obtained from parents/guardians of participants and assent 
obtained from participants. Study visits occurred at baseline, 3, 6, 9, 
and 12 months, and participants with at least two consecutive visits 
with valid F eno  data were included in the analysis. 

 Study Visit Procedures 

 Skin-prick testing was performed to 14 allergens at the base-
line visit using the MultiTest II device (Lincoln Diagnostics Inc) 
with positive histamine control and negative glycerol controls. 
Allergens tested were as follows: mouse; rat; cat; dog;  Dermatopha-
goides pteronyssinus ;  Dermatophagoides farinae ; American cock-
roach; German cockroach; oak; orchard grass;  Alternaria ,  Aspergillus , 
and  Cladosporium  species; and ragweed. A positive skin test was 
defi ned as a net orthogonal wheal  �  3 mm. Atopy was defi ned as 
one or more positive skin tests. 

 Spirometry was performed at all study visits according to ATS 
guidelines using a KoKo spirometer (nSpire Health Inc) and National 
Health and Nutrition Examination Survey reference equations for 
calculating % predicted values.  3,4   A positive bronchodilator response 
was considered a 12% increase in FEV 1 . F eno  level was measured 
at all study visits using the Niox MINO (Aerocrine Inc) according 
to the ATS guidelines.  5,6   

 The baseline questionnaire was administered by study staff and 
captured demographic information and pulmonary and allergic 
history. Health-care use for asthma during the previous 3 months 
was captured by questionnaire at all study visits. Symptoms during 
the previous 2 weeks were captured using standardized questions 
used in many inner-city asthma studies.  7   A “maximum symptom 
days” variable was constructed by taking the maximum of the follow-
ing symptom variables: days of slowed activity; days of wheezing, 
coughing, or chest tightness when running or going upstairs; and 
nights of waking with asthma symptoms in the previous 2 weeks.  7   

 Statistical Analysis 

 The primary outcome variable was asthma-related health-care 
use in the 3 months following the study visit during which F eno  
level and other clinical data were collected. Relationships between 
F eno  concentrations and future health-care use were explored by 
displaying the distribution of F eno  levels by health-care use and 
by cross tabulations of health-care use vs cut points of F eno  level. 
A lag term was created to assess the relationship between F eno  
levels and events that occurred within the subsequent 3 months. 
Logistic regression with generalized estimating equations was used 
to account for repeated outcome measures and potential con-
founders. Analyses were performed with StataSE version 12.1 
(StataCorp LP). A two-tailed  P  value  ,  .05 was considered statis-
tically signifi cant. 

 Results 

 Study Population 

 The study population was predominantly black and 
of low socioeconomic status ( Table 1 ).  Ninety percent 
had at least one positive skin test, with 64% sensitized 
to cat, 59% to cockroach, 60% to rat, 56% to dust mite, 
and 51% to mouse. While children in the study were 
nonsmokers, they had exposure to secondhand smoke 
in the home environment, with 55% reporting second-
hand smoke in the home and 87% having detectable 

implementation of guidelines-based care resulted in 
marked improvement in asthma outcomes and the 
addition of F eno  measurement to guidelines-based 
care resulted in no additional benefi t. An important 
question that remains, though, is whether F eno  level, 
in a population receiving usual care, predicts future 
exacerbations, thereby identifying an opportunity to 
intervene to prevent exacerbations. 

 The American Thoracic Society (ATS) published 
clinical practice guidelines for interpretation of F eno  
levels, in which the strength of each recommenda-
tion and quality of supporting evidence are graded.  2   
The guidelines make a strong recommendation for use 
of F eno  level in monitoring airway infl ammation in 
patients with asthma with low-quality supporting evi-
dence. The guidelines also suggest strategies for inter-
preting F eno  values, including use of cut points to 
interpret F eno  values and an algorithm for interpret-
ing signifi cant increases in F eno  level. However, the 
guidelines graded the strength of these recommen-
dations as weak with low-quality supporting evidence, 
so additional data are needed to inform these recom-
mendations. Therefore, we evaluated the performance 
of ATS clinical guideline-driven interpretation of F eno  
levels in predicting asthma-related health-care use in 
a predominantly urban, minority population receiving 
usual care. 

 Materials and Methods 

 Study Population 

 Data were drawn from the Mouse Asthma and Allergy Cohort 
Study, an institutional review board-approved (Johns Hopkins Insti-
tutional Review Board approval number NA_00006894), 1-year, 
observational, cohort study of 150 Baltimore City children. Partic-
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SD, 20 ppb). At baseline, 37% had low F eno  levels 
( ,  20 ppb for participants aged  ,  12 years or  ,  25 ppb 
for participants aged  �  12 years), 21% had intermediate 
F eno  levels (20-35 ppb for those aged  ,  12 years or 
25-50 ppb for those aged  �  12 years), and 42% had 
high F eno  levels ( .  35 ppb for those aged  ,  12 years 
or  .  50 ppb for those aged  �  12 years), as defi ned by 
the ATS clinical practice guideline.  2   About one-third 
of the participants changed between these classifi ca-
tion categories between any given 3-month follow-up 
interval. 

 F ENO  and Health-care Use 

 Asthma-related health-care use was common in the 
study population during the follow-up period. There 
was a total of 237 acute visits during the follow-up 
period among 78 subjects, 125 ED visits among 58 sub-
jects, 105 unscheduled doctor visits among 47 subjects, 
and seven hospitalizations among fi ve subjects. F eno  
level was not a strong predictor of asthma-related 
health-care use in the subsequent 3 months, even after 
adjusting for age, sex, and lung function ( Table 2 , 
 Fig 1 ).   For example, a twofold increase in F eno  level 
was marginally associated with an 8% increase in the 
odds of asthma-related, acute health-care use (OR, 1.08; 
95% CI, 0.88-1.31). 

 Using the classifi cation cut points for low, interme-
diate, and high F eno  levels, we determined the neg-
ative and positive predictive values (PPV) for future 
health-care use ( Table 3 ).  The PPVs ranged from 0.6% 
to 32.8% for predicting the need for acute health-care 
use in the subsequent 3 months. As cut points and def-
initions of low vs high F eno  levels are dependent on 
age, we stratifi ed by age  ,  12 years or age  �  12 years, 
and the predictive values did not change substantially 
( Table 4 ).  

 The ATS clinical guideline recommends using change 
in F eno  level to monitor airway infl ammation over 
time in patients with asthma. These recommend apply-
ing an algorithm to determine if a patient has had a 
“signifi cant” increase in F eno  level. For example, a 
change  �  20% is considered signifi cant for those with 
the highest category of infl ammation, as is an absolute 

airborne nicotine concentrations at the baseline home 
visit. The majority of the population reported taking 
controller medications for asthma (70%) and most reg-
imens included an inhaled corticosteroid (ICS) (93%). 
The study population generally had persistent asthma; 
the mean maximum number of symptom days and days 
of short-acting  b  agonist use was at least 3 days per 
2 weeks, (mean  �  SD, 3.3  �  4.0 days and 4.1  �  4.9 days, 
respectively). The study population had frequent acute 
health-care use: 19% had been hospitalized, and 80% 
had an ED visit in the previous year. 

 Pulmonary physiologic and infl ammatory measures 
were consistent with a population with persistent child-
hood asthma. Twenty-seven percent had reversible 
bronchoconstriction, and the mean  �  SD prebroncho-
dilator FEV 1 /FVC% was 80.7  �  9.6. The median F eno  
level was 32 parts per billion (ppb) (interquartile range, 
16-61 ppb) and F eno  measured during the study dem-
onstrated within- and between-person variability (mean, 
43 ppb; between-person SD, 31 ppb; within-person 

 Table 1— Participant Characteristics  

Characteristic  a   No. (%)

Age, mean (range), y 11 (5-17)
Male patient 79 (57)
Black patient 125 (91)
Annual household income    ,  $30,000/y (n  5  127) 87 (69)
Parental education
 Not a high school graduate 42 (30)
 High school graduate 43 (31)
 Some college 53 (38)
Insurance (n  5  136)
 Public 117 (86)
 Private or self pay 19 (14)
Total IgE, median (IQR), kU/L (n  5  136) 170 (50-450)
Atopic (  �   1 positive skin test) 124 (90)
Allergy skin testing results
 Cat 89 (64)
 Rat 83 (60)
 Cockroach 81 (59)
 Dust mite 77 (56)
 Mouse 71 (51)
 Dog 22 (16)
Spirometry,  b   mean (SD)
 FEV 1 , % predicted 94.4 (17.7)
 FEV 1 /FVC %  80.7 (9.6)
 Reversible ( �  12%) 34 (27)
F eno , median (IQR), ppb 32 (16-61)
Use of controller medications for asthma 97 (70)
ED visit in the past 12 mo 111 (80)
Hospitalization in the past 12 mo 26 (19)
ED visit or hospitalization 116 (84)
Maximum symptom days/2 wk,  c   mean  �  SD 3.3  �  4.0
Days of SABA use/2 wk, mean  �  SD 4.1  �  4.9

F eno   5  fractional exhaled nitric oxide; IQR  5  interquartile range; 
ppb  5  parts per billion; SABA  5  short-acting  b  agonist.
 a n  5  138 patients.
 b Valid data for 126 participants overall and 124 participants for bron-
chodilator effects.
 c Maximum days of slowed activity, with exercise-related or nocturnal 
symptoms.

 Table 2— Relationship Between F ENO  and Future, Acute 
Health-care Encounters  

Acute Health-care Encounter
Crude OR 
(95% CI)  a  

Adjusted OR 
(95% CI)

Unscheduled   doctor visit 0.94 (0.75-1.18) 0.96 (0.75-1.23)
ED visit 1.03 (0.83-1.27) 1.09 (0.86-1.37)
Hospitalization 2.1 (0.96-4.58) 1.74 (0.77-3.91)
Any acute health-care use 1.07 (0.89-1.28) 1.08 (0.88-1.31)

See Table 1 legend for expansion of abbreviation.
 a For every twofold increase in F eno  level adjusted for baseline age, 
sex, and FEV 1 /FVC.
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1.01-1.72) ( Table 5 ). FEV 1  % predicted and forced 
expiratory fl ow 25% to 75% were also examined and 
were not predictors of future asthma-related health-
care use. We also tested the hypothesis that the com-
bination of F eno  level and FEV 1 /FVC ratio would be 
a better predictor of acute health-care use than F eno  
level or FEV 1 /FVC alone. In models including both 
log 2 (F eno ) and FEV 1 /FVC, FEV 1 /FVC was an inde-
pendent predictor of future acute health-care use and 
F eno  level was not ( Table 6 ).  

 Discussion 

 In a cohort of inner-city, minority children with per-
sistent asthma who were followed for a year, we found 
that F eno  level was not predictive of health-care use 
for asthma exacerbations. In this population with active 
asthma, about half of whom required an acute health-
care visit during the study period, baseline F eno  level, 
change in F eno  level between visits, and thresholds for 
elevated F eno  levels did not identify those at increased 
risk for an exacerbation requiring an ED visit, a hos-
pitalization, or an unscheduled doctor visit. With the 
application of ATS-recommended cut points for low, 
intermediate, and high F eno  levels, the predictive value 
of F eno  level in identifying an acute health-care visit 
was poor, with PPVs of 0.6% to 32.8%. The applica-
tion of the ATS guideline-recommended algorithm for 
evaluating clinical change in F eno  levels over time 
did not enhance the ability of F eno  level to predict 
future health-care use for asthma exacerbations. 

 The negative fi ndings from this study address a 
research question that must be answered  8  : What is the 
value of F eno  level in managing high-risk symptom-
atic populations in real world settings? Measurement 
of F eno  as an indicator of pulmonary infl ammation is 
relatively simple and inexpensive compared with other 
biomarkers, so there is great interest in the potential 
role for using F eno  data in asthma management. F eno  
level has been shown to correlate with lung function, 
sputum eosinophil levels, and methacholine respon-
siveness,  9-17   and, therefore, may provide a noninvasive 

change of  �  10 ppb for those with lower categories of 
infl ammation. We applied this algorithm, modifi ed for 
pediatric cut points (if F eno  level increased by  �  7 ppb 
for those with F eno  values  ,  35 ppb or  �  20% for 
those with F eno   �  35 ppb) and found that a “signifi -
cant” change in F eno  level from the previous visit did 
not predict future health-care use ( Table 5 ).  We also 
applied these criteria to the change from each par-
ticipant’s mean F eno  level, the change from baseline 
F eno  level, and the change from each participant’s 
lowest F eno  level, and found that none of these strat-
egies predicted future health-care use. 

 Lung Function and Health-care Use 

 Lung function was a better predictor of asthma-
related health-care use in the subsequent 3 months 
than F eno  level. In models including log 2 (F eno ), age, 
and sex, the strongest association observed was between 
FEV 1 /FVC and future asthma-related, acute health-
care use: a 10 percentage-point decrease in FEV 1 /FVC 
was associated with a 32% increase in the odds of future 
asthma-related, acute health-care use (OR, 1.32; 95% CI, 

 Table 3— Value of F ENO  in Predicting the Need for Acute Medical Attention for Asthma Over 3 Mo (One Visit)  

Hospitalization ED Visit
Unscheduled Doctor 

Visit Any Acute Visit

F eno,  ppb PPV, % NPV, % PPV, % NPV, % PPV, % NPV, % PPV, % NPV, %

  ,  20 0.6 98.4 15.7 81.3 20.5 87.0 29.5 71.4
  .  35 2.3 99.6 18.5 83.0 14.8 83.8 30.6 72.5
  .  50 3.2 99.7 18.5 82.7 14.6 84.0 31.2 72.2
 Low  a  0.5 98.3 16.0 81.3 19.8 87.1 29.4 71.4
 High  b  2.7 99.7 19.4 83.4 16.1 84.7 32.8 73.6

NPV  5  negative predictive value; PPV  5  positive predictive value. See Table 1 legend for expansion of other abbreviations.
 a F eno   ,  20 ppb for those aged  ,  12 y and  ,  25 ppb for those  �  12 y.
 b F eno   .  35 ppb for those aged  ,  12 y and  .  50 ppb for those  �  12 y.

  Figure  1. ROC curve for the utility of a twofold change in frac-
tional exhaled nitric oxide level in predicting any acute health-
care use for asthma. Acute health-care use included hospitalization, 
ED visit, or unscheduled doctor visit. The area under the curve is 
0.5073. ROC  5  receiver operating characteristic.   
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and adolescent studies resulted in higher ICS doses 
in the groups assigned to F eno -based management. 

 It is possible that the utility of F eno  measurement 
varies during different developmental stages. Studies 
in preschool children have suggested that F eno  testing 
may be a benefi cial tool predicting future asthma.  25-29   
Debley et al  26   found F eno  level to be predictive of 
changes in lung function and risk of future wheezing, 
suggesting a role for prediction of future asthma in 
infants and toddlers. A large cohort study in The Neth-
erlands also suggested that F eno  measured before 
the age of 4 years was predictive of wheeze up to 
age 8.  25   However, these studies investigated the use of 
baseline values of F eno  to predict the persistence of 
asthma beyond early childhood rather than exacerba-
tions in populations with established disease. In addi-
tion, these studies do not shed light on the potential 
application of F eno  testing at regular intervals that 
might approximate real-time use of testing in clinical 
settings. 

 While studies in adults might be slightly more encour-
aging,  10,24,30   studies in school-age children have not 
strongly supported the use of F eno  data in asthma 
management.  1,20,24,31-33   A large clinical trial of inner-
city adolescents with asthma found that adding F eno  
level as an indicator of asthma control resulted in higher 
doses of ICS without clinical benefi t.  1   The present 

means to predict clinical deterioration or improvement 
beyond the traditionally available tests in a subspecialty 
offi ce setting. However, our results suggest that F eno 
 level is not a useful clinical tool for identifying chil-
dren who will have asthma exacerbations that require 
health-care visits among high-risk urban populations. 

 Clinical practice guidelines for use of F eno  levels 
provide recommendations graded by the strength of 
the recommendation and weight of the supporting 
evidence. The guidelines support the use of F eno  level 
in asthma with a strong recommendation despite low-
quality supporting evidence. Specifi cally, clinical trials 
have been conducted in adults  18,19   and in children and 
adolescents  1,20-22   with equivocal results about the utility 
of F eno  data in tailoring asthma therapy. Although 
clinical trials that investigate algorithm-based inter-
ventions may be subject to methodological concerns,  22      ,23   
a meta-analysis of these trials concluded that tailoring 
the dose of ICSs based on F eno  level did not signifi -
cantly reduce exacerbations or improve FEV 1  or asthma 
symptoms.  24   While the trials used different approaches 
to tailor ICS therapy, the adult studies had a reduction 
in the ICS fi nal dose in the F eno  group while the child 

 Table 4— Value of F ENO  in Predicting the Need for Acute Medical Attention for Asthma Over 3 Mo (One Visit) 
Stratifi ed by Age  

Hospitalization ED Visit
Unscheduled Doctor 

Visit Any Acute Visit

F eno,  ppb PPV, % NPV, % PPV, % NPV, % PPV, % NPV, % PPV, % NPV, %

Age  ,  12 y
 Low  a  0 100 19.4 77.3 24.3 82.0 33.0 65.3
 High  b  0 100 23.6 80.3 22.6 81.0 39.6 70.1
Age  �  12 y
 Low  a  1.2 96.6 11.9 85.5 14.3 92.4 25.0 77.9
 High  b  6.2 99.3 13.6 86.5 7.4 88.5 23.5 77.0

See Table 1 and 3 legends for expansion of abbreviations.
 a F eno   ,  20 ppb for those aged  ,  12 y and  ,  25 ppb for those  �  12 y.
 b F eno   .  35 ppb for those aged  ,  12 y and  .  50 ppb for those  �  12 y.

 Table 5— Application of ATS Guideline Algorithm    a     for 
Signifi cant Increase in F ENO   

Acute Health-care Encounter
Crude OR 
(95% CI)

Adjusted OR  b   
(95% CI)

Unscheduled   doctor visit 0.97 (0.58-1.63) 1.02 (0.59-1.76)
ED visit 1.26 (0.78-2.04) 1.25 (0.75-2.08)
Hospitalization 0.57 (0.07-4.76) 0.67 (0.07-6.15)
Any acute health-care use 1.12 (0.74-1.67) 1.11 (0.72-1.72)

ATS  5  American Thoracic Society. See Table 1 legend for expansion 
of other abbreviations.
 a For every signifi cant increase between consecutive F eno  measure-
ments over 3-mo intervals, defi ned as F eno  level increased by  .  7 ppb 
for values  ,  35 ppb or  .  20% for F eno   �  35 ppb for those aged  ,  12 y 
and F eno  level increased by  .  10 ppb for values  ,  50 ppb or  .  20% 
for F eno  level  �  50 ppb for those aged  �  12 y.
 b Adjusted for baseline age, sex, and FEV 1 /FVC ratio.

 Table 6— Relationship Between Lung Function    a     and 
Future, Acute Health-care Encounters  

Acute Health-care Encounter
Crude OR 
(95% CI)  b  

Adjusted OR 
(95% CI)  c  

Unscheduled   doctor visit 0.91 (0.66-1.27) 0.95 (0.68-1.32)
ED visit 1.23 (0.92-1.64) 1.34 (0.98-1.83)
Hospitalization 3.01 (1.32-6.88) 2.23 (0.84-5.86)
Any acute health-care use 1.23 (0.96-1.58) 1.32 (1.01-1.72)

See Table 1 legend for expansion of abbreviation.
 a As measured by FEV 1 /FVC ratio.
 b For every 10 percentage-point decrease in FEV 1 /FVC %.
 c Adjusted for base age, sex, and log 2 F eno .
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ric clinics across the country, and the quarterly clinic 
visits refl ect real-world practice patterns. The inabil-
ity to use F eno  level to predict the need for acute 
health-care visits in this setting has meaningful clin-
ical implications. 

 While guidelines support the use of F eno  data in 
asthma management, F eno  level was not predictive 
of asthma exacerbations requiring acute-care visits 
among a high-risk cohort of urban children with asthma. 
Application of the suggested cut points and the rec-
ommended algorithm for evaluating change in F eno  
level over time did not enhance the predictive value 
of F eno  levels. While these results may not be appli-
cable to other populations across the entire spectrum 
of age, our fi ndings suggest that the utility of F eno  
levels may be limited in this high-risk population and 
further evidence is needed to support the current 
recommendations for implementing F eno  measure-
ment into routine asthma management. 
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