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ABSTRACT

Background: Bronchial asthma and rhinitis are among the most common diseases in children and frequently coexist in the
patient. The primary aim of anti-asthmatic therapy is disease control. Several questionnaires can be used in pediatrics to assess
asthma control and the Children Asthma Control Test (C-ACT) is one of the most used.

Objective: To evaluate the percentage of asthma control in our cohort of patients with asthma and correlate C-ACT with
bronchial and nasal function tests.

Methods: We enrolled all children ages between 5 and 11 years with persistent bronchial asthma, sensitized to dust mite, and who
presented to our center during an 8-month period. All the children had skin-prick tests, spirometry, measurement of fractional exhaled
nitric oxide levels, active anterior rhinomanometry, measurement of nasal nitric oxide level, and C-ACT.

Results: Sixty patients were enrolled; 80% of these children had rhinitis. According to C-ACT, 31% of our patients had uncontrolled
asthma. Nasal flow values were significantly lower in patients with uncontrolled asthma, who also had higher nasal inflammation.

Conclusion: The disease is not controlled in a significant percentage of children with asthma. In patients with uncontrolled
asthma, worse nasal flow was detected. These results supported the relationship between upper and lower airways, and
highlighted the importance of performing nasal function tests in all patients with asthma, which could be useful to determine
whether better control of asthma symptoms can be reached through an appropriate treatment of rhinitis.

(Allergy Asthma Proc 40:e8–e13, 2019; doi: 10.2500/aap.2019.40.4219)

Asthma is a heterogeneous disease characterized by
chronic inflammation of the airways and associ-

ated with various risk factors. It is defined by a history
of respiratory symptoms, such as wheezing, shortness
of breath, chest tightness, and cough, that vary over
time and in intensity, with a variable expiratory air-
flow limitation.1 Asthma and rhinitis prevalence are
influenced by age and ethnicity. In Europe, 10% and
17.1% of children are affected by these diseases, respec-
tively.2,3 Epidemiologic studies show that rhinitis and
asthma often coexist in a patient as clinical manifesta-
tions of a single allergic disease, and rhinitis plays a
key role as a risk factor for asthma onset and control.
Accordingly, the prevalence of rhinitis among children
with asthma can reach 70–80%4,5. Therefore, it is im-
portant to consider the influence of rhinitis on the
management of patients with asthma.

The goal of therapy is to achieve asthma control, as
shown by the reduction or resolution of the clinical
manifestations with an appropriate anti-asthmatic
treatment.1 Control should be assessed through spe-
cific tools that provide scores to define different levels
of clinical control. Several questionnaires are avail-
able6,7: The Children Asthma Control Test (C-ACT) is
one of the most commonly used, and it has been vali-
dated in different contexts.8–10 We used the Italian
version of the questionnaire to assess symptoms, lim-
itations on activities, and use of emergency medica-
tions. The aim of the study was to investigate the
percentage of uncontrolled asthma in our patient co-
hort, and the relationship between C-ACT scores and
objective parameters, such as lung function (fractional
exhaled nitric oxide [FeNO]) and nasal function (active
anterior rhinomanometry [AAR] and nasal fractional
exhaled nitric oxide [nFeNO]).

METHODS
This was a real-life, prospective, observational study

conducted in Rome from June 2017 to February 2018 in
the asthma clinic of the Pediatric Department, Poli-
clinico Umberto I. The study was approved by the
medical ethics review board of Sapienza University of
Rome, Policlinico Umberto I. The patients’ parents or
guardians signed a written consent form.
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Study Participants and Protocol
Among the patients with asthma followed up in our

center and who came for routine outpatient control
visits, we consecutively enrolled children, ages be-
tween 5 and 11 years, with persistent bronchial asthma
and sensitized to dust mite. No parent or guardian
declined to participate. The diagnosis of asthma had
been clinically confirmed by a specialized physician
(A.M.Z.) according to the Global Initiative for Asthma
(GINA),1 and by a positive bronchodilator test at spi-
rometry (an increase of at least 12% of forced expira-
tory volume in the first second [FEV1] after adminis-
tration of salbutamol). Children with a body mass
index of �25 kg/m2, cystic fibrosis, oncologic diseases,
chronic heart disease, and lung pathologies other than
asthma were excluded. All the patients were on an
anti-asthmatic therapy appropriate to their disease se-
verity. In detail, the patients with mild persistent
asthma (46.7% of the sample) were on inhaled cortico-
steroids, whereas patients with moderate (50% of the
sample) or severe persistent (3.3% of the sample)
asthma were on inhaled corticosteroids and long-act-
ing 32 �2-agonists.

After signing informed consent forms, clinical infor-
mation (age of onset of asthma and related treatments;
concomitant diseases, e.g., allergic rhinitis (AR); and a
family history of allergic diseases) were collected from
participants’ parents or guardians. All the patients had
skin-prick testing with a standardized panel of com-
mon allergens (dust mite, grasses, trees, molds, ani-
mals), spirometry with a bronchodilator test, AAR, and
measurement of eFeNO and nFeNO. For all the pa-
tients enrolled, C-ACT was used to evaluate asthma
control.

C-ACT
Children and their parents or guardians completed

the C-ACT. The questionnaire consists of four each
items addressed to the child (with a score for each item
from 0 to 3) and three items addressed to the parents
(with a score for each item from 0 to 5). The sum of the
scores provides a total index, which indicated the level
of asthma control in the 4 weeks preceding the visit.
Patients with controlled asthma had an overall score of
�20, and those with uncontrolled asthma had an over-
all score of �20.

Spirometry and eFeNO
Spirometry was performed according to ATS (Amer-

ican Thoracic Society)/European Respiratory Society
(ERS) standards.11 Flow volume curves were measured
with a Cosmed spirometer (Cosmed The Metabolic
Company, Rome, Italy). Values were expressed as the
percentage of predicted normal values for height and
sex.12 The eFeNO levels were measured with a Cosmed

Quark NO breath device according to the procedures
published for eFeNO measurement.13

AAR and nFeNO
The AAR studies the nasal function through the

measurement of the nasal airflow and the resistance
to air passage. The test is easy to perform and takes
�10 minutes. A rhinomanometer measures the flow
(cm3/s) in both the right and left nostril at a pressure
of 150 Pa in inspiration and expiration. The values
obtained are compared with the pediatric values,
height dependent, reported in the literature. Nasal
obstruction is classified as very severe if airflow
values are �29% of predicted, severe if values are
between 29% and 42%, moderate if values are be-
tween 43% and 56%, mild for values between 57%
and 70%, and absent for values �70%.14 –16 The
nFeNO is a marker of eosinophilic inflammation syn-
thesized by the epithelial cells of the nasal mucosa
and increased levels are found in AR; it has been
described that is useful for monitoring the disease.17

This marker can be easily measured by a recent
noninvasive method, equipped with nNO software
(Medisoft FeNO, Medisoft s.r.l., Naples, Italy) ac-
cording to the American Thoracic Society/European
Respiratory Society recommendations.13

Statistical Analysis
A descriptive analysis was performed by using the

number and frequency (n [%]) for categorical variables,
whereas mean � standard deviation and median (in-
terquartile range) for numeric variables were used. The
differences between continuous variables of two
groups were compared by using a bilateral Mann-
Whitney U test, whereas the presence of the significant
differences among three or more groups were deter-
mined by the Kruskal Wallis test, followed by the
Dunn post hoc test. Correlations between continuous
variables were assessed by computing the Pearson
rank correlation test. In all cases, p � 0.05 was consid-
ered statistically significant.

RESULTS
The primary objectives of our study were to evaluate

the level of uncontrolled asthma in our patients and to
investigate the relationship between C-ACT scores and
objective parameters, such as lung function (spirome-
try and eFeNO) and nasal function (AAR and nFeNO).

Descriptive Findings
We enrolled 60 children (44 boys), with a mean age

of 10.6 � 2.75 years and a mean body mass index of
19.66 � 3.68 kg/m2. In our population, 80% of children
had persistent rhinitis not treated by an appropriate
therapy. According to the GINA classification of
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asthma severity,1 46.7% of our patients had mild per-
sistent asthma, 50% had moderate persistent asthma,
and 3.3% had severe persistent asthma. With regard to
lung function, the 75% of children had an FEV1 level of
�80% of predicted and 25% of them had an FEV1 level
of �80% of predicted (Table 1).

Control of Asthma in the Study Population
According to C-ACT results, 31% of our patients had

uncontrolled asthma (Table 1).

Nasal Function and Asthma Control
The analysis of our data showed that the subjects

who reported rhinitis symptoms had nasal flows at
rhinomanometry significantly lower than the subjects
who did not have rhinitis symptoms (48.1 � 16.3%
versus 76.8 � 23.9%; p � 0.00035) (Table 1; Fig. 1A).
When comparing mean nasal flow values between the
groups of patients with uncontrolled asthma and pa-
tients with controlled asthma, we found that nasal flow
values were significantly lower in the first group
(45.6 � 16.74% versus 57.7 � 22.3%; p � 0.022) (Fig.
1B). The Pearson rank correlation coefficients revealed
an inverse correlation between the values of nFeNO
and C-ACT scores (r � �0.311; p � 0.026) (Table 1; Fig.

2), which showed that the greater the nasal inflamma-
tion, the worse the asthma control.

Lung Function and Asthma Control
The C-ACT mean score was significantly lower in the

group of patients with an FEV1 level of �80% com-
pared with the group with an FEV1 level of �80%
(19.3 � 4.1% versus 21.7 � 3.2%; p � 0.039) (Table 1;
Fig. 1C). Conversely, we did not observe a significant
correlation between the eFeNO values and the C-ACT
scores (r � �0.096; p � 0.46).

DISCUSSION
In this study, we found that, in our clinic, only 69%

of the children had controlled asthma and that children
with uncontrolled asthma had nasal flow values that
were significantly lower than the controlled group. In
addition, the nFeNO value increased when asthma
control decreased. As expected, when the FEV1 level
was lower, asthma was less controlled; conversely,
there was not a correlation between the eFENO level
and the C-ACT score. The main objective of the study
was to investigate the level of asthma control in a
sample of patients followed up in our center. The per-
centage of the children whose asthma was controlled

Table 1 Population features

Characteristic Subjects, no. (%) Value, mean � standard deviation

Age, y — 10.6 � 2.75
Body mass index, kg/m2 — 19.66 � 3.68
Sex

Boys 44 (73.3) —
Girls 16 (26.7) —

Rhinitis 48 (80.0) —
Asthma severity*

Mild persistent 28 (46.7) —
Moderate persistent 30 (50.0) —
Severe persistent 2 (3.3) —

FEV1 level %
�80% 45 (75.0) 70.66 � 8.06%
�80% 15 (25.0) 96.95 � 8.55%

Children-Asthma Control Test
Controlled 41 (69.0) —
Uncontrolled 19 (31.0) —

Mean nasal flow %
Controlled 41 (69.0) 23.09 � 1.65
Uncontrolled 19 (31.0) 16.78 � 1.98

Nasal fractional nitric oxide level ppb
Controlled 41 (69.0) 536.62 � 295.41
Uncontrolled 19 (31.0) 843.813 � 307.82

FEV1 � Forced expiratory volume in the first second.
* From Ref.
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(C-ACT score of �20) was 69%. Despite the spread
wide diffusion of guidelines, the current percentage of
asthma control is still insufficient. In Europe, only 15%
of the patients with asthma achieve control of the
disease,18 and, in Italy, it varies between 14% and
27%.19 However, the percentage of control rises to
64.4% among patients with asthma followed up in
hospital settings, as we found in our study.19,20

The majority of our patients were affected by rhinitis,
as measured by nasal flow through AAR and nasal
inflammation (nFeNO). We found the association
among nasal flow values, the nFeNO value, and the
C-ACT score. Specifically, nasal flow values were sig-
nificantly lower in subjects with uncontrolled asthma
than in subjects with controlled asthma. Previous stud-
ies assessed rhinitis as a risk factor on asthma con-

trol.21,22 Lin et al.23 showed, in adult patients, that AR
plays an important role in worsening asthma control
and that control is more difficult when the AR symp-
toms are severe. In our patients, nFeNO values in-
creased when asthma control decreased. Therefore, the
nFeNO level seems to be a reliable tool to correlate
allergic inflammation and asthma control, despite its
use still being controversial.22

A recent study showed that the nFeNO level is signif-
icantly higher in patients with asthma and AR and in
those with AR only than in healthy subjects.24 Our results
confirmed that allergic inflammation was present both in
high and in low airways, and indicated that AR and
asthma represent manifestations of one disease in two
parts of the respiratory tract.25 Nasal allergic inflamma-
tion can reach lower airways for continuity and contigu-

Figure 1. The correlation between symptoms and respiratory function tests. Box and whisker plots, showing the median, interquartile range
and mean (dotted line) values for (A) percentage mean nasal flow in subjects with and without rhinitis; (B) percentage mean nasal flow in
subjects with uncontrolled and controlled asthma; (C) Children-Asthma Control Test (C-ACT) score for patients with forced expiratory
volume in the first second (FEV1) �80% and �80%. A p value of �0.05 was considered statistically significant.

Figure 2. The correlation between nasal fractional
exhaled nitric oxide (nFeNO) values and Children-
Asthma Control Test (C-ACT) scores. The Pearson
rank correlation test value as well as the p value are
also reported. A p value of �0.05 was considered
statistically significant.
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ity (there is not an anatomic barrier between the nose and
bronchi), and AR contributes to the pathogenesis of asth-
ma-releasing systemic mediators.26

To analyze the association between lung function and
asthma control, all our patients performed spirometry:
when the FEV1 level was lower, asthma was less con-
trolled. Previously, Waibel et al.27 demonstrated a corre-
lation between spirometry parameters and asthma con-
trol. Their findings, in agreement with ours, show that
C-ACT and spirometry are complementary and efficient
tools to assess asthma control.27 Conversely, we did not
observe a significant correlation between the C-ACT
score and the eFENO value, which proved a questionable
utility of this marker in the management of asthma, as
also shown in other studies.28–30

Indeed, the eFeNO value by itself is not useful to con-
firm or exclude the diagnosis of asthma when also con-
sidering that multiple factors can influence the concen-
tration of this marker (use of inhaled corticosteroids,
bronchoconstriction, the presence of viral infections,
smoking exposure). However, it may be useful to moni-
tor the severity of the disease and the response to the
treatment.1–17,31 Other markers have been shown to be
helpful to evaluate asthma control in children. Caffarelli
et al.32 showed that the pH of the exhaled breath conden-
sate in children with asthma is decreased, possibly re-
lated to airway inflammation and to pharmacologic treat-
ment. The pH measurement may be a useful noninvasive
biomarker to guide treatment of asthma exacerbations in
childhood. Our study was one of the first to analyze the
relationship between objective respiratory parameters
and asthma control in children. However, our study had
some limitations: our cohort had a relatively small num-
ber of participants, and these participants were all re-
cruited in a single specialized outpatient setting. Multi-
centric studies, with a wider sample are necessary to
confirm the results.

CONCLUSION
A total of 31% of the children followed up in a special-

ized university center had uncontrolled asthma despite
appropriate therapy. There was a correlation between the
FEV1 level and asthma control. In addition, AR repre-
sented a risk factor that negatively affected asthma con-
trol, as assessed by rhinomanometry and nFeNO. This
finding supported the existence of a relationship between
upper and lower airways. Further studies are needed to
confirm that rhinomanometry could be a useful tool in
the diagnostic toolbox for a complete assessment of the
patient with asthma and to determine whether better
control of asthma symptoms can be reached through an
appropriate treatment of AR.
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