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Abstract

Introduction. Asthma, a chronic lung disease, is a major health challenge worldwide with increased addressability to
health services. There are different asthma phenotypes, which have different evolution and can be specifically tracked. The
measurement of fractional expired nitric oxide (FeNo) with different devices reflects the eosinophilic inflammation of the
airways, and can be used to evaluate the allergic phenotype and predict the treatment responses. The new GINA (Global
Initiative for Asthma) guideline recommends FeNO monitoring to assess adherence to cortisone treatment in high doses
before prescribing biological treatment, and as a means of monitoring the decrease in oral corticosteroid treatment.
Objective. The aim of the study is to analyze the applicability of FeNO in monitoring response to therapy.
Materials and method. An observational study was carried out on 129 subjects with a previously established diagnosis
of asthma. The research was based on the determination of FeNO with NObreath. Those with intermediate FeNO received
a low dose of inhaled corticosteroids in mono/dual therapy, those with increased FeNO received medium ICS mono/dual
therapy. FeNO testing, its values and doses of ICS were below the the ATS / ERS guidelines.
Results. FeNO reduction is strictly dependent on the cortisone dose. Applying the dual therapy from the beginning does
not bring additional benefits in comparison with cortisone in monotherapy, in terms of FeNO value.
Conclusion. Recommendations that include FeNO testing can help monitor response to treatment.
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INTRODUCTION

Asthma is a major health challenge worldwide, affecting
more than 300 million people and 10% of all Europeans
[1]. The number of exacerbations has also increased
dramatically, exceeding 500,000 hospitalizations every year
[2]. Epidemiological studies claim that by 2020, chronic lung
diseases will become the fourth leading cause of death in the
world [3]. Clinically, asthma is characterized by wheezing,
coughing, dyspnea and chest constriction [1]. Under adequate
drug control, patients are asymptomatic and the quality of life
is not affected. There are situations in which patients tolerate
the symptoms very well, attribute them to age, occupational
exposure or other factors, the context in which we do not
have an objective assessment of asthma. Unfortunately,
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these patients limit their daily activity and should be made
aware that a sedentary lifestyle exposes them to the risk of
aggravating symptoms, and they should be encouraged to
practice sport at the limit of self-tolerance [4].
Environmental factors are a major problem in daily
life in terms of quality of life and long-term evolution [5].
Mechanical and chemical stress are considered to be factors
which induce the growth of free radical production and,
as a consequence, tissue oxidative destruction occurs [6].
Tissue oxidative stress assessment has become the target of
research on different organs. The importance of oxidative
stress in osteoarthritis disease is fully recognized at present
[7]. In cardiovascular pathology, the increase of oxidative
stress promotes atherosclerosis with related complications
(hypertension, dyslipidaemia, peripheral artery disease,
metabolic syndrome, diabetes and obesity) [8, 9]. Starting
from this premise, in recent years, we have resorted
to the evaluation of the fraction of exhaled nitric oxide
(FeNO) as an objective marker of eosinophilic bronchial
inflammation.
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patients rested for 30 minutes before testing. FeNO testing
was the first manoeuvre performed, using the NObreath®
device (breath NO test system intended to measure FeNO
in parts per billion (ppb) in exhaled breath) [17].
The subject breathed room air with a temperature
between 22–25 °C. Interpretation of the values was carried
out following the ATS ’Interpretation of FeNO for Clinical
Applications’:
–– Intermediate NO: between 25ppb – 50ppb;
–– High level NO: over 50 ppb [14].
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From a pathophysiological point of view, asthmatic patients
have an increased expression of inducible nitric oxide synthase
(iNOS) in the airway epithelial cells, and an increased level
of nitric oxide (NO) in the expired air [10, 11]. FeNO is a
measure of airway inflammation assessment and oxidative
stress, as mentioned above [12]. Also, the level of FeNO is
well correlated with the presence and level of inflammation
and decreases with glucocorticoid treatment [13].
The new GINA (Global Initiative for Asthma) guideline
recommends measuring FeNO as an assessment tool for
treating patients with difficult asthma. FeNO monitoring is
indicated to assess adherence to cortisone treatment in high
doses before prescribing biological treatment. The guide also
recommends measuring FeNO as a means of monitoring the
decrease in oral corticosteroid treatment [14].
The current study analysed the applicability of FeNO
assessment in monitoring the response to therapy, evaluating
current symptom control and predicting asthma exacerbations.
MATERIALS AND METHOD

An analytical and observational study was carried out on 129
subjects, all over 18 years of age, with a previously established
diagnosis of asthma, with different persistent respiratory
symptoms for at least 7 days.
All procedures performed in the study involving human
participants were in accordance with the ethical standards of
the institutional and national research committee and with
the 1964 Helsinki Declaration and its latter amendments
or comparable ethical standards. The study was granted
ethics’ approval by the Ethics Committee of the ’Hospital
of Rehabilitation Eurotrat’ Gherla, Cluj county, Romania,
in January 2018. Informed consent was obtained from each
individual participating in the study. The study was carried
out on all subjects between February – July 2018.
Inclusion criteria:
1) a diagnosis of asthma of at least 1 year;
2) the presence of respiratory symptoms in the past 7 days;
3) skin allergic tests, for evaluation of the atopic field, within
the past year;
4) a pulmonary x-ray in the past year (a high prevalence of
tuberculosis infection in Romania is well-known);
Exclusion criteria:
1) association with COPD (Chronic Obstructive Pulmonary
Disease), Overlap syndrome;
2) continuous exposure to respiratory allergens (bakers,
hairdressers, industrial toxic environment, etc.).
Smoking was not a reason for exclusion.
Study protocol: After inclusion/exclusion criteria, all
patients were assessed at the time of presentation, during
visit 1 (V1), after 3 months, during visit 2 (V2) and after 6
months, and on their last evaluation, during visit 3 (V3). All
visits were in the morning, at approximately the same time,
following the ATS (American Thoracic Society) test criteria
for NO in expired air and the ATS spirometry guide. FeNO
was measured twice, and a third measurement was required
if there was more than 10% difference between the first 2
measurements [15].
FeNO decreased at the end of exercise in both normal
and asthmatic subjects [16]. Therefore, to avoid errors, the

These cut-offs have been described for adult non-smoking
subjects. It is well acknowledged that smoking reduces
FeNO in both healthy and asthmatic subjects [18], and the
magnitude of the reduction seems to depend on the daily
cigarette consumption [19]. The magnitude of smoking can
be assessed by carbon monoxide concentration in exhaled
air which represents a sure proof of recent smoking [20],
thus being able to correlate it with the reality of the FeNO
value. Tobacco use is detrimental to health and all health
professionals have the duty to intervene and initiate tobacco
cessation. Prevention programmes should focus on the
medical education of both children and parents [21].
Exposure to chemical substances can induce an
exaggerated immune response in susceptible individuals.
Farmers, printers, painters, cleaners, and wood/plastic/
electrical/ health care workers are considered as being at
high-risk exposure [22]. These categories of patients are
at risk for occupational asthma, with intensely increased,
persistent FeNo values due to exposure to allergens.
FeNO test at 2–48 hours after exposure to allergens is at a
maximum [23].
VISIT METHODOLOGY

V1 – first visit. The patient filled-in the ACQ (Asthma
Control Questionnaire) to assess symptoms in the past 7
days. The ACQ has strong measurement properties and has
been fully validated for use in both clinical practice and
clinical trials, starting with 1998 -1999 by both ATS / ERS
companies.
NO in the exhaled air was tested.
The last measurement was spirometry, according to
ATS / ERS criteria, performed with the Spirobank II Basic
spirometer.
Because asthma is a highly variable disease, symptoms
might fluctuate substantially from day-to-day [24], and for
that reason, the pretesting ACQ questionnaire was used to
not evaluate FeNO in a patient with asthma exacerbation.
V2 – the second visit, after 3 months. The patient’s FeNO
was tested.

V3 – the third visit, after 6 months. The patient’s FeNO
was tested.
Depending on the FeNO value, intermediate and high
level, the subjects were divided into 2 randomized groups
of cortisone inhaler (ICS) therapy: ICS in monotherapy or
dual therapy (ICS and Long-Acting Beta Agonist (LABA)
combination). At the base of the randomization stood the
dose of cortisone, small or medium category, according to
GINA ICS low, medium and high doses [25].
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1) Subjects with intermediate FeNO, 25ppb-50ppb, had an
indication of inhalation treatment with low dose ICS,
(mono/dual dose).
2) Subjects with high FeNO, over 50 ppb, had an indication
of inhalation treatment with a medium dose of ICS (mono/
dual dose).
3) There was no randomization on high doses of cortisone.

Statistical analysis. Database processing was performed in
Excel and interpretation by IBM SPSS v20.0. The tests used
were the T-test for independent samples and the Chi-Squared
test. Differences were considered significant when p < 0.05.

Figure 2. Vlue of FeNO in relationship with wheezing

RESULTS

CHANGES IN FENO LEVELS AFTER TREATMENT

Patients presenting with worsening of the general condition
during V2 were excluded from the study for further
investigation. In 2 patients, the general condition worsens
until the next visit, requiring further evaluation and the
combination of new drugs for the undiagnosed comorbidities
during V1, while one patient voluntarily withdrew.

Modification of FeNO after therapy start. To compare the
differences in NO values in the sample, the ANOVA test was
used for means comparison. The average value of the initial
NO was 45.41 ppb (+ – 33.00 standard deviation), while the
average value of the NO after 3 months was 21.90 ppb (+ –
24.51 st. dev.) and 14.54 ppb (+- 12.42 st. dev.), respectively,
fter 6 months. Following the test, this difference is statistically
significant (p= 0.0001) with a significant reduction of FeNO
values in both groups of patients (Fig. 3).

Demographic data of subjects. The age distributions, body
weights and heights did not differ significantly between the
2 groups. There was a significant correlation between the
presence of atopic terrain and the NO value in the exhaled
air [1] (Tab. 1; Fig. 1).

Figure 3. FeNo changes during treatment

Figure 1. Value of FeNO depending of the presence of atopy ground

Table 1. The value of FeNO depending on the presence of atopy ground
Without atopy

33.14

With atopy

61.25

p value

0.02

Modification of FeNO depending on the cortisone dose
– small/medium. Regarding the therapeutic arms and the
FeNO modification under different doses and inhalation
medications, FeNO modification was initially evaluated
according to the cortisone dose (Fig. 4).

FeNO value and presence of symptoms. Of all the
symptoms present at the beginning, an association was
observed between wheezing and a high FeNO value (Fig. 2).
This association has been reported in children in other
studies.
Elevated FeNO levels as a risk factor for persistent wheezing.
FeNO measurement may serve as an additional parameter
for predicting persistent wheezing in preschool children [26].
No association was found between other specific symptoms
and FeNO values.

Figure 4. Average difference of FeNO at 3 months of treatment depending on
the cortisone dose

To highlight the existence of a link between the value of
FeNO after 3 months of treatment and the dose of cortisone,
the T-test for independent sample was used. The difference
after 3 months for patients treated with a low dose of cortisone
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of FeNO after 3 months, regardless of the therapeutic arm.
During the 3-month evaluation, a lower FeNO was observed
in patients with an average dose of cortisone, compared with
patients with a low dose, regardoless of monotherapy or
dual therapy; therefore, the decline in FeNO is ICS dosedependent.
In patients with uncontrolled asthma treated with ICS, the
guides recommend increasing the dose of ICS or adding a
LABA to the low doses of ICS [33]. There are studies which
suggest that adding a LABA to ICS may be more beneficial in
controlling asthma than increasing the dose of corticosteroids
alone [34].
Regarding the primary intention administration, dual
or monotherapy, this study did not find superior efficacy
of dual therapy in reducing FeNO, with monitoring after 3
and 6 months. In this context, and the current guidelines
for asthma, the ICS/LABA treatment is recommended
when asthma is not well controlled by low maintenance
ICS plus Short-Acting Beta Agonist (SABA) treatment. These
recommendations are not based on efficacy, but the higher
cost of combination drugs [35, 36]. However, the combination
of ICS in low doses with rapid onset LABA is effective for
reducing symptomatology and increasing the quality of life.
FeNO levels decrease rapidly after initiation of ICS therapy,
whether dual monotherapy, as shown in the presented study,
while literature confirms that FeNo level increases very
rapidly after discontinuation of corticosteroid therapy [37].
The dynamic follow-up of FeNO level helps to assess whether
the asthma is under control, and guide ICS treatment in
asthmatic patients.
The ATS clinical guidelines suggest that FeNO over 50
ppb indicate the need for stepping-up treatment, but no clear
recommendations exist for lower FeNO levels [38].
There are studies which claim that FeNO is the most
sensitive inflammatory marker for evaluating the antiinflammatory effects of ICS on asthmatic patients. However,
the reduction of FeNO after ICS treatment may not ensure
optimal suppression of airway inflammation [39], and may
not be able to require increasing / decreasing of ICS doses
solely on its value [40]. Further studies are required for a
more difinitive evaluation.
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was 19.07 ppb (+ – 13.39 st. dev.), whereas in patients treated
with a medium dose of cortisone itwais 52.07 ppb (+- 35.19
st. dev.).
Using the T-test for independent samples, it was concluded
that this difference was statistically significant (p=0.005), the
average dose of cortisone being significantly higher than the
small dose, with a much faster reduction of FeNO values.
Modification of FeNO according to the randomization
arm. In monotherapy, there was an average decrease of 33.34
ppb, while in dual therapy there was an average decrease of
28.19 ppb. This difference was not statistically significant
(Fig. 5).

Figure 5. Mean difference of FeNO at 3 months of treatment depending on
medication.

DISCUSSION

High FeNO is evidence of uncontrolled inflammation and
is associated with increased risk for asthma exacerbations
and potential future deterioration, even when there is a lack
of corroborating symptoms or normal lung function [27].
Numerous studies on other pathologies proved that
inflammation markers were significantly correlated with
muscle strength, walking distance and cognitive impairment
[28]. Therefore, in the present study, the FeNO measurement
was performed after excluding the previously listed factors,
and after a 30-minute seated rest period.
The use of ICS is proven to be effective in treating asthma
[29]. ICS can reduce asthma symptoms and inhibit the
activity of inflammatory cells, including eosinophils, T
lymphocytes, mast cells, macrophages, dendritic cells and
neutrophils [30]. These remarkable effects of corticosteroids
are produced by suppressing the production of chemotactic
mediators, adhesion molecules and inhibiting the survival
of these inflammatory cells in the airways [31].
Starting from specialized literature data, the aim of the
current study was to follow the modification of NO in
asthmatic subjects according to the administration of ICS
in monotherapy, compared to dual therapy and depending
on the used doses of cortisone.
Both groups on ICS mono/dual therapy showed FeNO
enhancement, after 3 and 6 months. In conclusion, the FeNO
value is not influenced by mono / dual therapy.
In conclusion, the administration of ICS is mandatory.
Twenty-two studies demonstrated that FeNO levels declined
after the administration of ICS. The response was seen after 4
– 8 weeks of treatment, although one study showed reduction
after 10 days, without further reduction observed at 40 days
[32]. In the current study, there was a significant reduction

CONCLUSIONS

Although it was not within the scope of this study, the
association was observed between wheezing and increased
FeNO in patients with atopic terrain, which is consistent
with data underlined by literature, numerous publications
highlighting much higher FeNO values and the presence
of atopic terrain, proven by positive skin tests or bronchial
challenge tests [32].
Unfortunately, the evaluation of FeNO is not a sensitive
or specific marker. It can be indicated for the evaluation of
asthma, but does not enter the standard protocol.
Study limitations. Limitation of the study were the small
number of subjects included, and that the patients could
not be monitored for a longer period to evaluate FeNo at the
therapy step-down, because they were not locals and access
to rural areas was difficult. There was no control group and
absolute FeNO values varied depending on the device used.
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