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Introduction
The primary goal of asthma treatment is to achieve control of 
the disease so that its manifestations are suppressed spontane-
ously or by treatment.1,2 There is no gold standard to measure 
the clinical management of asthma. However, functional 
parameters, evaluation questionnaires of symptoms, airway 
hyper-responsiveness, and biomarkers of airway inflammation 
are among the available and validated markers used to evaluate 
the severity of asthma and are potential ways to monitor dis-
ease control. The Global Initiative Guide for Asthma (GINA) 
recommends symptom assessment questionnaires and spirom-
etry as conventional tests for asthma management because of 
easiness of implementation and because they are indirect mark-
ers of inflammation.3,4 Besides these instruments, the level of 
asthma control can be assessed by the following four GINA 
criteria, based on symptoms experienced in the preceding 
4 weeks: frequency of asthma symptoms, night-time awaken-
ings due to asthma, limitation of activities, and the need to use 
drugs for symptom relief. These factors allow asthma to be 
classified into three distinct groups: controlled asthma, par-
tially controlled asthma, and uncontrolled asthma.2

In recent years, new tools for asthma assessment have been 
developed. Among them, measurement of the fraction exhaled 
nitric oxide (FeNO) level has attracted interest because it is an 
easy technique to use, it provides immediate results, it is nonin-
vasive, and it is a reproducible biomarker of airway inflamma-
tion in asthma. Many studies have been conducted to verify the 
possibility of using the FeNO level as an evaluation tool of 
asthma control and pulmonary function tests for the manage-
ment of asthmatic patients.3–9

There are major developments related to FeNO and its rela-
tionship with airway inflammation; however, its ability to pre-
dict asthma control remains unclear.10 For this reason, this 
study aimed to verify whether the FeNO level discriminates 
between patients with uncontrolled asthma, partially controlled 
asthma, and uncontrolled asthma.

Methods
Study population

A total of 81 asthmatic patients were included in the study. 
Their FeNO levels were measured after they underwent a 
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medical evaluation at an outpatient clinic specializing in res-
piratory diseases in the city of Goiania, Goias, Brazil. They 
were evaluated in the clinic from June 2013 to December 2014.

Study design

This study is an analytical and retrospective cross-sectional 
study. Patients were eligible to participate if they had their lev-
els of exhaled nitric oxide measured from June 2013 to 
December 2014 for any reason (ie chronic cough). The inclu-
sion criteria were as follows: (1) patients who had a clinical 
diagnosis of asthma and (2) patients who had undergone pul-
monary function tests. After inclusion in the study, the follow-
ing data were collected from the medical records: sex, age, 
weight, height, forced expiratory volume after 1 second (FEV1) 
pre-bronchodilator (pre-BD) and FEV1 post-bronchodilator 
(post-BD), FeNO level, clinical diagnosis, smoking status, 
medication status, exacerbation history, and level of asthma 
control before the doctor had access to the FeNO results. The 
following factors were the exclusion criteria: smoking activity 
(lowers FeNO results), asthma exacerbation treatment before 
FeNO measurement, presence of respiratory viral infection or 
other acute respiratory concomitant disease in the 12 weeks 
before medical care, pregnancy, or breastfeeding.

Measurement of the fraction exhaled nitric oxide 
levels and pulmonary function test

Before a patient underwent any forced expiratory maneuvers, 
the FeNO level was measured using an electrochemical porta-
ble analyzer (NIOX MINO; Aerocrine AB, Solna, Sweden) 
that determine exhaled nitric oxide concentration in parts per 
billion (ppb). The values of FeNO were categorized by an ordi-
nal measurement scale and classified as low or intermediate/
high (low, <25 ppb; intermediate/high, ⩾25 ppb) based on the 
American Thoracic Society criteria.10 The procedure was per-
formed using a nose clip. The patient exhaled air from the 
lungs for 10 seconds at a constant flow rate of 50 mL/s. 
Spirometry was performed using a calibrated spirometer 
(Easyone; ndd Medizintechnik AG, Zurich, Switzerland) 
based on the American Thoracic Society and European 
Respiratory Society criteria.11–13

Asthma control

The level of asthma control was assessed by a medical evaluation 
before a patient underwent FeNO level measurements and 
spirometry tests. The GINA criteria were used in which patients 
were evaluated for symptoms they experienced in the preceding 
4 weeks by the following factors: weekly frequency of asthma 
symptoms, nocturnal awakening, limitation in their activity due 
to asthma, and weekly need of medication for symptom relief. 
The patients’ asthma symptoms were classified as controlled 
when they had none of the four criteria; as partially controlled 

when they had one or two of the four criteria, and as uncon-
trolled when they had three or more of the four criteria.2

Statistical analysis

Statistical analyses were performed using Stata/SE software 
(version 13.0; StataCorp, College Station, TX, USA) and SPSS 
software (version 23) for 64-bit Windows. A significance level 
of P < .05 was used.

The Shapiro-Wilk test was used to assess the normality of 
the data. The Pearson chi-square test or the Fisher exact test 
was used for dichotomous variables. Quantitative variables 
with normal distribution were expressed as mean and standard 
deviation and were analyzed using parametric tests. Quantitative 
variables with non-normal distribution were expressed as 
median and interquartile range and analyzed using nonpara-
metric tests. A post hoc test was conducted for all statistically 
significant comparisons and a correlation/regression analysis 
was conducted between FeNO level and FEV1 pre-BD. The 
cut-off point of the FeNO measurement as the uncontrolled 
asthma predictor was calculated using the receiver operating 
characteristic (ROC) curve.

Ethical aspects

The study was conducted in accordance with the Good Clinical 
Practice (ICH-G6; ICH, Geneva, Switzerland) and was 
approved by the Research Ethics Committee of the Federal 
University of Goias (Goiania, Brazil) under approval number 
1228483.

Results
From June 2013 to December 2014, 340 patients performed 
FeNO level measurements in the outpatient clinic specializing 
in respiratory diseases and were assessed for eligibility. Of these 
patients, 241 (70.8%) patients were excluded for not presenting 
with a diagnosis of asthma. Of the 99 included patients, 18 
(18.2%) patients were excluded for not having the asthma clas-
sification described in their medical records (Figure 1).

The 81 asthmatic patients included in the study were 
48.0 ± 19.4 years of age. There was a predominance of female 
patients (54 [66.7%] women) in the patient sample, and a pre-
dominance of women in the partially controlled and uncon-
trolled groups (54 [66.7%]) (Table 1). The values for the FeNO 
level was low (<25 ppb) for 39 (48.1%) individuals and inter-
mediate/high (⩾25 ppb) for 42 (51.9%) individuals.

There was a statistically significant difference between the 
groups regarding the FeNO level and FEV1 pre-BD values 
(Table 1). The uncontrolled asthma group had significantly 
higher FeNO levels than the controlled asthma and partially 
controlled groups. However, there was no difference in the 
FeNO values between the controlled asthma group and the 
partially controlled asthma group (Figure 2). Regarding FEV1 
post-BD, only the uncontrolled group had a significantly lower 
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FEV1 compared with the partially controlled group (Figure 3). 
There were no significant differences in age, sex, self-report of 
inhaled corticosteroid use, smoking history, or body mass index 
between groups. When all subjects were divided into two 
groups regarding self-report of regular inhaled corticosteroid 
use or not, there was no statistical difference between FeNO 
levels, respectively 30 (18-68) versus 24 (14-44), P = .10.

To evaluate the relationship between FeNO and FEV1, 
regression analysis was performed for all patients with and 
without regard to their level of asthma control. The analysis 
showed low linear correlation coefficient values (r² < 6%), which 
were not statistically significant.

An ROC curve was generated to predict the identification 
of uncontrolled individuals using the measurement of exhaled 
nitric oxide. On comparing the sensitivity, specificity, positive 
and negative predictive values, and area of   the ROC curve, 
the best combination without a significant loss of sensitivity 
was an FeNO level >30 ppb. The FeNO value of >30 ppb pre-
sented an area under the ROC curve of 0.78 (95% confidence 
interval [CI] = 0.65-0.88), specificity of 76.47% (95% CI = 
58.8-89.3), sensitivity of 80% (95% CI = 56.3-94.3), positive 
likelihood ratio (+) of 3.40, and negative likelihood ratio of 
0.26 (Figure 4).

Discussion
This study indicated that FeNO level is correlated with 
asthma symptom control. Inadequate symptom control is 
strongly associated with high risk of exacerbation,2 that is 
the reason to use a step-up or step-down of asthma medica-
tions, as symptoms could reflect the level of eosinophilic air-
way inflammation. However, the management-based 
approach toward symptoms recommended by GINA, which 
focuses on a direct relationship between eosinophilic inflam-
mation and respiratory symptoms, may be insufficient to 
manage asthma. There may be a discrepancy between these 
two factors because of inaccurate reporting of symptoms and 
because of different types of asthma phenotypes, as allergic 
early-onset symptom predominant and later onset obese 
non-eosinophilic high symptomatic asthma could be over-
treated and late-onset inflammation predominant oligo-
symptomatic asthma could be undertreated using the 
symptom-based aproach.14,15 Within this gap of different 

Figure 1. Study design and subjects. 

Table 1. Clinical and demographic characteristics of 81 asthmatic patients evaluated in an outpatient clinic in the city of Goiania, Goias, Brazil, from 
June 2013 to December 2014.

ALL pARTICIpANTS
N = 81

CONTROLLED 
GROUp
N = 34 (42%)

pARTIALLy 
CONTROLLED GROUp
N = 27 (33.3%)

UNCONTROLLED 
GROUp
N = 20 (24.7%)

P-VALUE

Sex (F) 54 (66.7%) 24 (70.6%) 17 (63.0%) 13 (65.0%) .80

Age (y) 48 ± 19.4 51.9 ± 18.8 42.5 ± 19.0 48.7 ± 19.8 .16

BMI (kg/m²) 27.5 ± 5.9 28.2 ± 5.5 26.6 ± 5.9 27.5 ± 6.5 .60

Smoking never 63 (79.7%) 24 (72.7%) 24 (88.9%) 15 (78.9%) .31

Status former 16 (20.3%) 9 (27.3%) 3 (11.1%) 4 (21.1%)

Regular IC use 35 (43.2%) 13 (38.2%) 12 (44.4%) 10 (50.0%) .69

FeNO (ppb) 27.0 (14;51)a 18.0 (13;30)a 29.0 (18;44)a 67.5 (33;88)a .001b

FEV1pre (%) 74.5 ± 19.3 77 ± 16.8 78.4 ± 20.9 64.6 ± 18.7 .03b

FEV1post (%) 79.2 ± 18.8 80.9 ± 17.3 82.7 ± 20.1 71.4 ± 18.2 .11

Abbreviations: BMI, body mass index; F, female; FeNO, fraction exhaled nitric oxide; FEV1post, forced expiratory volume in 1 second after bronchodilator treatment; 
FEV1pre, forced expiratory volume in 1 second before bronchodilator treatment; IC, inhaled corticosteroid; ppb: parts per billion.
aValues are expressed as median (interquartile range: p25, p75).
bIndicates statistical significance (P < .05).
Values are expressed as mean ± standard deviation, unless otherwise indicated. In two subjects, there was no information about previous smoking status, one in 
controlled group and other in uncontrolled group. The variable “Regular IC use” was based on self-report.
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asthma phenotypes and the implications for treatment,16 
exhaled nitric oxide level measurements can be used. When 
considered in the overall evaluation of control for treatment 
and management of asthmatic patients, exhaled nitric oxide 
could identify subgroups of asthma that the GINA criteria 
could not. Better identification of these patients would result 
in better asthma control and would reduce costs by the with-
drawal of unnecessary asthma control medications17 and by 
reducing exacerbations.18 In an observational study19 with a 
small sample, the estimation of airway inflammation, based 
on clinical data, was correct in only 50% of patients, and the 
FeNO results modified the therapeutic decision in more 
than one-third of patients, notably medication augmentation 
in 20% and medication decreases in 16%.

Ricciardolo and colleagues verify whether the FeNO meas-
urement could be associated with clinical and functional fac-
tors for the evaluation of asthmatic patients in a real-life 
situation. They also verified that the measurement of FeNO 
was associated with uncontrolled asthma at the cut-off point of 
FeNO >29.95 ppb and an area under the ROC curve of 0.70.20 
This value was very close to the value in our investigation. 

Other authors who specifically investigated the association 
between the FeNO measurement and asthma control, based on 
the GINA criteria, found no statistically significant differ-
ence.21,22 This discrepancy could be explained by the use of dif-
ferent groups of individuals: studies that did not report 
association between the FeNO measurement and the asthma 
control used pediatric populations, whereas Ricciardolo and 
colleagues15 included only adult patients and this study 
included only 4% of individuals who were younger than 
18 years. As agreement regarding asthma control is only mod-
erate when the information provided by adolescents and their 
caregivers are compared,23 it is likely that the discrepancy 
between studies concerning association between the FeNO 
measurement and asthma control could be from methodologi-
cal differences.24

The data of this study suggest that lung function is an inad-
equate tool for predicting asthma control. A study that compared 
the change in FeNO parameters, asthma control questionnaire 
(ACT) score, and FEV1 levels after completion of an educational 
program in asthmatic patients showed improved asthma control, 
decreased FeNO levels, and increased ACT scores; however, 
there was no significant change in the FEV1 values.4 The 
updated GINA guidelines 2017 reports that lung function is not 
strongly correlated with symptoms of asthma, suggesting the use 
of other instruments of control as they are more important than 
the functional test, and includes elevated FeNO as a risk factor 
for poor asthma outcome.2 Although lung function should be 
always be assessed at diagnosis and during treatment, its role in 
asthma control is limited not just because of moderate correla-
tion with symptoms, but as much as between-visit variability. 
Thus, our results reinforce the superiority of inflammatory 
markers over functional tests regarding prediction of asthma 
control as the level of airway obstruction is more related to risk 
of exacerbations than asthma control.2

The use of FeNO measurement for improving the manage-
ment of asthma in clinical practice has been evidenced in several 

Figure 2. FeNO in asthmatic patients and level of asthma control.

Figure 3. FEV1 in asthmatic patients and level of asthma control.

Figure 4. Receiver operating characteristics (ROC) curve of FeNO>30 to 

predict the identification of uncontrolled asthmatic patients.
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studies.25–27 Malinovschi and colleagues26 demonstrated a sig-
nificant increase in disease control after the use of inhaled cor-
ticosteroids for 6 weeks in patients with high FeNO values 
(⩾50 ppb) and intermediate FeNO values (⩾25 ppb and <50 
ppb), compared with patients with low FeNO values (⩽25 ppb). 
Yoon and colleagues27 demonstrated in a randomized trial that 
anti-inflammatory treatment simultaneously improved the 
FeNO levels in children with controlled asthma (asymptomatic) 
when their FeNO levels were >25 ppb. A meta-analysis study 
found that the measurement of exhaled nitric oxide was impor-
tant in identifying patients with airway inflammation, who did 
or did not respond to inhaled corticosteroids, and with the clini-
cal parameters to be associated with reducing the exacerbation 
rates, compared with management using exclusively clinical 
parameters.25 The measurement of exhaled nitric oxide is appli-
cable in real-life situations because of the following features: the 
measurement is very easily performed, compared with bronchial 
biopsy or eosinophil counts in sputum; it is non-invasive; and it 
is positively correlated with other inflammatory markers.28 For 
this reason, the American Thoracic Society recommends meas-
uring the FeNO level to monitor airway inflammation in clini-
cal practice,10 and the American College of Allergy, Asthma 
and Immunology (Arlington Heights, IL, USA) and the 
American Academy of Allergy, Asthma and Immunology 
(Milwaukee, WI, USA) support these recommendations.29

The self-reported regular use of inhaled corticosteroid of 
43.2% in this study was in agreement with the literature, as 
adherence with asthma treatment measures approximately 
30%-50%.30 But we could not demonstrate difference in 
FeNO levels regarding regular inhaled corticosteroid use. As 
FeNO levels are inversely associated with adherence to 
inhaled corticosteroids,31 probably the self-reported use was 
not accurate.

One major benefit of using FeNO for asthma management is 
to identify patients for whom increased inhaled corticosteroid 
use will not benefit control because of low eosinophilic inflam-
mation. These symptomatic patients would receive an increased 
inhaled corticosteroid dose under standard clinical guidelines, 
but they would be better treated with symptomatic control med-
ications (long-acting beta agonist or long-acting anticholiner-
gic). An example of this approach was demonstrated by Smith 
et  al17 who showed a daily dose of fluticasone of 370 mcg in 
FeNO group with 45.6% fewer exacerbations versus 641 mcg in 
the control group. The same could be extrapolated to individuals 
with comorbidities where the dose of asthma control medication 
would be adequate, but respiratory symptoms would be persis-
tent due to other diseases (ie gastroesophageal reflux or heart 
failure). In this case, the finding of a low level of exhaled nitric 
oxide would support the decision to treat the comorbidities 
without increasing the dose of inhaled corticosteroids. Although 
to the best of our knowledge no study specifically evaluated the 
benefit of this strategy, the negative correlation of FeNO with 
gastroesophageal reflux disease score in asthmatic patients32 

suggests that this would be a reasonable approach. The latest 
guideline of the National Institute for Health and Care 
Excellence (NICE) states to consider FeNO measurement as an 
option to support asthma management in symptomatic patients 
despite using inhaled corticosteroids.33

The current guideline approach to asthma management 
that is based on inhaled corticosteroid and beta agonist therapy 
reflects the lack of ability to define treatment according to spe-
cific phenotypic groups.34 Determination of inflammatory 
phenotypes in asthma (eosinophilic, neutrophilic, mixed, and 
paucigranulocytic) helps asthma management by showing 
potential esteroid responsiveness.10 The biomarker approach 
could possibly prevent the excess use of inhaled corticosteroid 
in symptomatic patients with non-eosinophilic asthma (neu-
trophilic or paucigranulocytic), including the later onset obese 
non-eosinophilic phenotype; prevent an inappropriate (low 
dose) use of inhaled corticosteroid in severe eosinophilic 
asthma, which would need a moderate/high dose of inhaled 
corticosteroid; and also prevent the excess use of high doses of 
inhaled corticosteroid maintenance therapy associated with 
long-acting bronchodilators in patients with relatively fixed 
airflow obstruction. One major advantage of the biomarker 
approach is the possibility of immediately identifying a situa-
tion that would take months of unsuccessful escalating doses of 
inhaled corticosteroid therapy to stablish.34

The study had several limitations. Hidden biases may have 
been caused by its retrospective design; some variables were not 
available on the medical records (atopic status or description or 
IgE levels); by having been conducted at only one center; and 
its small sample, which is more prone to variability. Another 
limitation was the use of a specialized clinic sample in respira-
tory disease, which may have introduced a selection bias 
because patients at specialized outpatient clinics tend to have 
more severe disease and do not represent patients with asthma 
evaluated by a general practitioner.

The data presented in this study demonstrate that FeNO 
level measurements correlate with asthma control and would 
allow a complete characterization of asthmatic patients. 
Prospective studies are needed to determine and quantify the 
benefits of a decision-making strategy incorporating symptom 
assessment and measures of inflammation, based on the FeNO 
level, and to determine which subgroups or phenotypes this 
strategy would be more effective in clinical practice.
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