
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Peláez et al. BMC Pulmonary Medicine          (2024) 24:270 
https://doi.org/10.1186/s12890-024-03058-x

BMC Pulmonary Medicine

*Correspondence:
Gabriela Peláez
pelaezgabyeugenia@gmail.com
1Pulmonology Department, Hospital de Pediatria Dr. Juan P. Garrahan, 
Combate de los Pozos 1881 (1245), Buenos Aires, Argentina
2Pediatric Pulmonology Section, Hospital de Clínicas “José de San Martín”, 
Buenos Aires, Argentina
3Fundación Pablo Cassará, Buenos Aires, Argentina

Abstract
Introduction  The evaluation of the asthmatic patient is usually based on clinical and functional parameters that do 
not necessarily evidence the degree of airway inflammation. The aim of this study was to analyze whether clinical 
scores (CS) correlate with spirometry (S), impulse oscillometry (IO) and FeNO, in severe asthmatic children.

Material and methods  A multicentric, prospective, cross-sectional study was conducted over a 12-month period. All 
SA patients (6–18 years old) followed-up in the Pulmonology Department were recruited. CS, FeNO measurements, IO 
and S were consecutively performed on the same day. Asthma control was ascertained using ACT and GINAq. A cut-
off value of ≥ 25 parts per billion (ppb) was used to define airway inflammation.

Results  Eighty-one patients were included. ACT: 75% (n 61) were controlled; GINAq: 44.5% (n 36) were controlled; 
39.5% (n 32) were partly controlled, and 16% (n 13) were uncontrolled. FeNO had a median value of 24 ppb (IQR 
14–41); FeNO ≥ 25 ppb was observed in 49% of patients (n 39). ROC AUC for FeNO vs. ACT was 0.71 (95%CI 0.57–0.86), 
PPV 0.47, NPV 0.87, SE 0.61, SP 0.80; FeNO vs. GINAq was ROC AUC 0.69 (95%CI 0.54–0.85), PPV 0.34, NPV 0.91, SE 0.62, 
SP 0.77; Youden cut-off FeNO > 39 ppb for both CS.

Conclusion  In severe asthmatic children, current symptoms control as evidenced by ACT and GINA correlates with 
low FeNO values. Clinical scores showed good correlation with airway inflammation.
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Introduction
Asthma is the most common chronic respiratory disease 
worldwide affecting an estimated 262  million people in 
2019 and caused 455.000 deaths [1].

Up to 10% of adults and 2.5% of children with asthma 
have severe asthma (SA) [2]. Children with SA have 
uncontrolled asthma despite adherence with maximal 
optimized high-dose inhaled glucocorticoids (ICS) and 
long-acting β2-agonits (LABA) treatment and manage-
ment of contributory factors, or that worsen when high-
dose treatment is decreased [3].

In Argentina, asthma accounts for more than 400 
annual deaths (10% in patients aged 5 to 39 years) and 
more than 15.000 hospitalizations per year, especially in 
patients with more severe disease [4].

Achieving adequate control is the final objective in the 
follow-up of asthmatics, regardless of the severity of the 
disease. Asthma Control Test (ACT) and GINA Asthma 
Control Questionnaire (GINAq) are validated clinical 
scores (CS) widely used to assess the degree of disease 
control based on clinical criteria [3].Pulmonary function 
has also been proposed as a measure to evaluate asthma 
control, although in pediatrics, the evidence is scarce [5].

Inflammation parameters are not considered in the 
evaluation of asthma control by CS, whereas chronic air-
way inflammation is the hallmark of asthma. Nitric oxide 
(NO) is an important regulator of immune responses 
and is a product of inflammation in the airways that is 
over-produced in asthma. Fractional exhaled nitric oxide 
(FeNO), a non-invasive method, allows indirect evalua-
tion of type 2 airway inflammation [6].

Asthma control is a multidimensional measure with 
features that are complementary to each other, including 
clinical, functional and disease activity. Hence, a quick 
and easy assessment may not offer a comprehensive or 
precise estimation of asthma control. CS are accessible 
and easy tools to evaluate the degree of asthma control in 
daily practice, while FeNO and pulmonary function test 
(PFT) equipment are not always available in public health 
services, due to high cost. Currently, the evaluation of 
pulmonary function and airway inflammation together 
with asthma control has been scarcely studied in general, 
particularly in SA children.

The aim of the study was to analyze whether ACT and 
GINAq correlates with spirometry (S), impulse oscil-
lometry (IO) and FeNO. The hypothetical agreement 
among them would be very useful in centers where PFT 
and FeNO equipment are not available for SA children 
follow-up.

Materials and methods
A multicentric, prospective, cross-sectional study was 
conducted over a 12 months period. All SA patients 
(according to GINA guidelines), aged 6–18 years, with 

≥ 12 months of diagnosis, followed-up in the SA Program 
at “Hospital de Pediatría Garrahan” (n 60) and “Hospital 
de Clínicas Jose de San Martín” (n 26), were consecu-
tively recruited (n 86) [3, 4, 7].

CS, FeNO measurements, IO and S were consecutively 
performed on the same day. The health care professional 
that performed FeNO, IO and S was blind to CS results. 
Asthma control was ascertained using ACT and GINAq. 
ACT scores of ≥ 20 means well-controlled asthma [3, 
8]. GINAq characterizes asthma control in three levels: 
“controlled”, “partly controlled” and “uncontrolled” [3].

Mean FeNO values out of two measurements (variabil-
ity ≤ 10%), were recorded [9]. A cut off value of ≥ 25 parts 
per billion (ppb) was used to define airway inflammation 
[10].

As intra-individual FeNO levels vary across devices, all 
measurements were performed with the same NoBreath 
equipment (Bedfond Ltd, United Kingdom). Forced vital 
capacity (FVC), forced expiratory volume in 1  s (FEV1), 
FEV1/FVC ratio, forced expiratory flows between 25 and 
75% of FVC (FEF25–75) were analyzed. All parameters 
were expressed as percentage (%) of the predictive value. 
Bronchodilator response (BDR) was evaluated 15  min 
after administration of 400ug of salbutamol through a 
spacer device. Patients were instructed to withdraw sal-
butamol 4  h and LABA 12  h before tests. A significant 
BDR was considered a 12% and 200  ml increase of ini-
tial FEV1 [3, 11–13].Jaeger Master Screen equipment was 
used.

Impedance 5 Hz (Z5), resistance 5 Hz, 10 Hz and 20 Hz 
(R5, R10, R20), reactance 5 Hz (X5), resonance frequency 
(Fres) and the area under the curve (AX) of the respira-
tory system were registered. The average values of at 
least three maneuvers with consistency > 0.6 at 5 Hz and 
> 0.9 at 10  Hz and coefficient of variation (CV) < 10%, 
were registered [14, 15]. Bronchodilator response (BD) 
was defined as a decrease of ≥ 40% in R5 and/or ≥ 80% 
decrease in AX and/or an increase of 50% in X5 [16]. 
FENO and PFT were performed following ATS/ERS rec-
ommendations [9, 11–16].

Those children with respiratory infection or asthma 
exacerbation were rescheduled. Patients with inability to 
perform PFT/FeNO maneuvers or who refused to sign 
the informed consent were excluded. All parents signed a 
written informed consent. The study was approved by the 
Garrahan´s Hospital Ethics Committee (Ref Proj 1022).

Statistic analysis
Continuous data were summarized by the arithmetic 
mean and standard deviation or 95% confidence inter-
val. To compare ACT and GINAq categories, Student 
test, Mann-Whitney test and Chi2 test were applied as 
appropriate. For a better definition of uncontrolled cases 
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GINAq categories were grouped as uncontrolled versus 
controlled and partially controlled asthma.

To evaluate CS vs. FeNO and PFT performance, a 
receiver operating characteristic (ROC AUC), Youden 
cut-off and positive predictive value (PPV) /negative pre-
dictive value (NPV) were applied. A p value < 0.05 was 
considered statistically significant. Stata XIV software 
was used (Stata-Corp, College Station, TX).

Results
Eightysix cases were recruited. Five patients were 
excluded due to inability to perform PFT (n 1) or missed 
visits (n 4). Considering ACT, 75% of children (n 61) 
were controlled. According to GINAq, 44.5% (n 36) were 
controlled, 39.5% (n 32) partly controlled and 16% (n 
13) uncontrolled. Characteristics of the population are 
shown in Table 1.

Reliable values of FeNO were obtained in 97.5% of 
cases (n 79), with a median value of 24 ppb (IQR 14–41). 
FeNO ≥ 25 ppb was observed in 49% (n 39) of them 
(median 41 ppb; IQR 33–97), irrespective of asthma 
control.

Subjects with uncontrolled asthma by ACT had signifi-
cantly higher FeNO than controlled ones: 42 ppb (IQR 
28–89) vs. 20 ppb (IQR 13–36) (p 0.006). FeNO was also 
high in GINAq uncontrolled vs. controlled and partly 
controlled cases: 41 ppb (IQR 28–89) vs. 21 ppb, (IQR 
13–37) respectively (p 0.02). Tables 2 and 3.

FeNO values ≥ 25 ppb was observed in 70% (n 14) of 
uncontrolled cases by ACT (median 63 ppb, IQR 39–97), 
and in 77% (n 10) of GINAq uncontrolled ones (median 
55 ppb, IQR 39–97). Table 4.

Table 1  Characteristics of study population (n 81)
Characteristic
Age (years old) Median (IQR) 12 (9–14)
Male Sex % (n) 46 (37)
ICS† Median (IQR) 800 (520–1240)
Leukotriene receptor antagonists % (n) 41 (33)
Oral corticosteroids % (n) 5 (4)
Omalizumab % (n) 20 (16)
BMI Median (IQR) 22 (19–26)
Obesity % (n) 62 (50)
Blood Eosinophils Median (IQR) 489 (240–682)
Rhinitis % (n) 74 (60)
Eczema % (n) 23 (19)
OSA % (n) 11 (9)
ACT % (n)
Controlled
Uncontrolled

75 (61)
25 (20)

GINA % (n)
Controlled/Partly controlled
Uncontrolled

84 (68)
16 (13)

FeNO (ppb) Median (IQR) 24 (14–41)
Spirometry Mean (SD)
FVC 112 (15)
FEV1 104 (17)
FEV1/FVC 81 (9)
FEF 25−75 86 (31)
IO Median (IQR)
Z5Hz 89 (75–103)
R5Hz 89 (73–103)
R10Hz 88 (75–104)
R20Hz 88 (75–104)
X5Hz 96 (79–123)
†Inhaled corticosteroids (ICS), ug: Budesonide or equivalent

BMI: Body Mass Index

 ACT: Asthma Control Test

 OSA: Obstructive Sleep Apnea

Table 2  FeNO and pulmonary function test according to ACT 
values

ACT ≤ 19 (n 20) 
Uncontrolled

ACT > 19  (n 61) 
Controlled

P

FeNO(ppb)† 42 (28–89) 20 (13–36) 0.006
Spirometry‡
FVC 112 (12) 112 (16) 0.48
FEV1 102 (14) 104 (17) 0.72
VEF1/FVC 79 (10) 81 (9) 0.79
FEF 25−75 78 (24) 89 (32) 0.89
IO†
Z5Hz 91 (75–118) 89 (72–100) 0.37
R5Hz 91 (73–110) 87 (72–100) 0.31
R10Hz 86 (74–116) 89 (75–102) 0.63
X5Hz 104(76–123) 92 (79–122) 0.53
BDR § ¶ 6 (30) 10 (16) 0.18
†Median (IQR),‡ Mean (SD),§ BDR in IOS and/or spirometry, ¶ (n, %)

FeNO: Fractional exhaled nitric oxide ACT: Asthma Control Test BDR: 
Bronchodilator response 

Table 3  FeNO and pulmonary function test according to GINA 
questionnaire

GINAq (n 13) 
Uncontrolled

GINAq  (n 68) Con-
trolled – partially 
controlled

P

FeNO (ppb)† 41 (28–89) 21 (13–37) 0.02
Spirometry‡
FVC 112 (15) 112 (15) 0.51
FEV1 103 (18) 104 (17) 0.59
VEF1/FVC 80 (12) 81 (9) 0.59
FEF 25−75 80 (30) 87 (31) 0.73
IO†
Z5Hz 87 (75–118) 89 (72–101) 0.71
R5Hz 86 (75–109) 90 (72–100) 0.64
R10Hz 85 (74–104) 90 (75–103) 0.80
X5Hz 100(76–121) 96 (79–123) 0.96
BDR § ¶ 4 (31) 12 (18) 0.27
†Median (IQR), ‡Mean (SD), § BDR in IOS and/or spirometry, ¶ (n, %)

FeNO: Fractional exhaled nitric oxide. GINAq: GINA Asthma Control 
Questionnaire. BDR: Bronchodilator response
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A ROC curve was generated to predict the identifica-
tion of uncontrolled individuals using the measurement 
of FeNO and PFT. On comparing the sensitivity (SE), 
specificity (SP), PPV and NPV, and AUC ROC curve, the 
best combination without a significant loss of SE was a 
FeNO level > 39 ppb for both ACT and GINAq (Youden 
cutoff). The ROC AUC for FeNO vs. ACT was 0.71 
(95%CI 0.57–0.86), PPV 0.47, NPV 0.87, SE 0.61, SP 0.80 
(Fig.  1); FeNO vs. GINAq was ROC AUC 0.69 (95%CI 
0.54–0.85), PPV 0.34, NPV 0.91, SE 0.62, SP 0.77 (Fig. 2). 
Patients with low FeNO had an 87% and 91% of proba-
bility of being controlled according to ACT and GINAq, 
respectively.

Spirometry was performed in 94% (n 76) of cases; 
reversibility was observed in 21% (n 16) of them; 56.6% 
(n 43) of patients evidenced mild obstruction, 1 moderate 
and 1 severe airway obstruction. All patients performed 
IOS. Normal values were observed in 92.5% (n 75), 2% (n 
2) evidenced reversibility.

In uncontrolled cases, according to S, mild obstruction 
was observed in 70% (n 14) and 62% (n 8) by ACT and 
GINAq respectively. Considering IO, 20% (n 4) and 23% 
(n 3) evidenced pathological values by ACT and GINAq 
accordingly.

There was no significant association between the 
degree of asthma control neither by ACT nor GINAq 
when PFT was analyzed. No correlation was observed 
when ROC AUC was applied. Tables 2 and 3.

Discussion
The results of the present study, which aimed to deter-
mine the agreement between asthma control defined by 
GINA questionnaire and ACT, airway inflammation and 
pulmonary function, showed two main findings. First, 
FeNO values but not lung function (spirometry/IO) was 
shown to correlate with asthma control. Second, patients 
with low FeNO had up to 91% of probability of being 
controlled according to CS.

These results indicate a good correlation between cur-
rent asthma symptom control and the control of airway 
inflammation, irrespective of pulmonary function.

Proper asthma control is the goal of asthma manage-
ment worldwide. It is easily evaluated through clinical 
questionnaires. Several numeric scores have been devel-
oped for children like ACT, ACQ among others. ACT 
is widely used and their Spanish version has been vali-
dated [3, 8, 17]. Such patient-reported outcome measures 
are considered to be clinically relevant because they are 
strong predictors of future exacerbations [18]. The results 
of these tests correlate to some extent with each other 
and with GINA classification of symptom control [3]. In 
our series, 75% of children according to ACT, and 84% 
GINAq were controlled. These scores define control by a 
composite measure of clinical findings but without using 

Table 4  FeNO measurement according to asthma control by 
ACT and GINAq

ACT ≤ 19 (n 
18)

ACT > 19 (n 
61)

GINAq NC 
(n 13)

GINAq 
C-PC 
(n 66)

FeNO < 25 ppb
% (n) 20 (4) 59 (36) 23 (3) 54 (37)
Median (IQR) 12 (8–14) 14 (11–19) 14 (8–23) 14 

(11–19)
FeNO ≥25 ppb
% (n) 70 (14) 41 (25) 77 (10) 43 (29)
Median (IQR) 63 (39–97) 38 (33–90) 55 (39–97) 39 

(33–90)
FeNO: Fractional exhaled nitric oxide ACT: Asthma control test GINAq: GINA 
Asthma Control Questionnaire

Fig. 2  Receiver operating characteristics (ROC) curve analyses of FeNO 
values to determinate asthma control following GINAq, AUC = 69%

 

Fig. 1  Receiver operating characteristic (ROC) curve analyses of FeNO val-
ues to determinate asthma control following ACT, AUC = 71%
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markers of airway inflammation, the hallmark of asthma 
[19].

In recent years, the study of airway inflammation has 
gained relevance for asthmatics follow-up [19]. Measure-
ment of the FeNO is an easy technique to use, provides 
immediate results, is noninvasive, and is a reproducible 
biomarker of airway inflammation in asthma. However, 
the high costs of the equipment still hinder its wide use 
in public health services, especially in countries like 
Argentina, with limited health resources [20].

Although there is strong evidence that the levels of 
FeNO correlate with features of type 2 inflammation [21], 
its ability to predict asthma control has been evaluated 
with contradictory results [5, 10, 22–25].

Ricciardolo and colleagues verify whether the FeNO 
measurement could be associated with clinical and func-
tional factors for the evaluation of asthmatic patients in 
a real-life situation. FeNO was associated with uncon-
trolled asthma at the cut-off point of FeNO > 29.95 ppb 
and an area under the ROC curve of 0.70 [25]. de Abreu 
and colleagues found that FeNO level could be helpful in 
determining asthma control as > 30 ppb was associated 
with uncontrolled asthma [24].These values were close to 
the cut point of 39 ppb of our study. Other authors who 
evaluated the association between the FeNO and asthma 
control, based on the GINA criteria, found no statisti-
cally significant difference [22, 23].

Discrepancies could be explained by the inclusion of 
different groups of individuals. It is worth mentioning 
that studies included mainly mild and moderate adults 
asthmatic patients [24, 25].

Our results are in keeping with previous reports show-
ing that the ability of clinical assessment to predict the 
presence and type of inflammation was good [24, 26].

The present study, conducted in a well characterized 
population of SA children has shown a significant corre-
lation between the degree of asthma control and FeNO 
values with high negative predictive values for both 
clinical scores. According to ACT and GINAq individu-
als with low FeNO had an 87% and 91% of probability of 
being controlled respectively.

Negative responses to the four questions of the GINAq 
and ACT are good indicators of the control of airway 
inflammation. In contrast, it was not possible to confirm 
otherwise. The presence of symptoms was not an indica-
tor of airway inflammation. Due to the low PPV observed 
in our study, it cannot be inferred that FeNO could 
be elevated in uncontrolled cases. However, a median 
FeNO of 41–42 ppb was observed in uncontrolled ones. 
Accordingly, 20–23% of children with uncontrolled 
asthma had low FeNO, suggesting that in these scenar-
ios, other underlying physiopathologies or causes may 
explain the symptoms.

It has been difficult to provide exact FeNO cut-off val-
ues for clinicians due to heterogeneity of values used 
across studies. In children, FeNO cut-points are slightly 
different.

For clinical practice, ERS and ATS consider that FeNO 
between 20 and 35 ppb should be judged within the clini-
cal context and values > 35 ppb may be used to indicate 
that type 2 inflammation is likely [19]. These values are 
very close to 39 ppb found in our study. The question 
arises as to whether well or totally controlled asthma 
based on clinical criteria alone, reflects an adequate 
control of the underlying airway inflammation. While 
FeNO > 25 ppb may be abnormal in healthy subjects, in 
patients with well-controlled asthma, such a value is 
common, and a growing body of evidence suggests that 
cut-offs should be based on characteristics of the popu-
lation of interest [27]. In our population, children with 
well-controlled asthma had a median FeNO level of 
20–21 ppb.

ROC showed that 39 ppb was the best cut-point based 
on the SE and SP for both scores.

The data of this study suggest that lung function is an 
inadequate tool for predicting asthma control, in agree-
ment with other reports [24]. Of uncontrolled cases, 15% 
and 80% had shown normal S or IOS values, respectively 
and up to 70% evidenced mild obstruction. The normal 
or almost normal baseline values observed in our series 
reveal the lack of sensitivity of the PFT to correlate with 
the degree of symptom control. It is striking that 62–70% 
of uncontrolled patients with an almost normal baseline 
spirometry, remain without adequate asthma control. A 
hypothesis that could explain the slight changes observed 
in the pulmonary functions in patients with frequent 
symptoms would be given by the increased bronchomo-
tor tone and its lability [4, 28, 29].

Recently it has been shown the additive effects of 
combining spirometry with oscillometry in adults with 
moderate-to-severe asthma [30–32]. In adults, severe 
asthma is closely associated with major lung function 
changes, which are not observed in children, as previ-
ously described [33, 34]. Children with severe asthma 
tended to have less severe airflow obstruction compared 
to adults [33]. Spirometric measurements are insensitive 
discriminators of problematic severe asthma in child-
hood [34].

Hence, a discordant pattern of generally low correla-
tions between measures of airway inflammation, clinical 
parameters, with pulmonary function, as shown in our 
study, may not be surprising.

The GINA guidelines reports that lung function is not 
strongly correlated with symptoms of asthma, suggest-
ing the use of other instruments of control, and includes 
elevated FeNO as a predictor of exacerbations [3]. In 
children, pulmonary function measurement is a useful 



Page 6 of 7Peláez et al. BMC Pulmonary Medicine          (2024) 24:270 

and very specific tool for asthma diagnosis, although not 
sensitive enough for follow-up of the most severe cases 
[4, 35].

Thus, our results reinforce the superiority of inflam-
matory markers over functional tests regarding asthma 
control. The level of airway obstruction is more related to 
risk of exacerbations than asthma control [3].

A limitation of our study might be the use of a special-
ized clinic sample in respiratory disease, which may have 
introduced a selection bias. Patients at specialized out-
patient clinics tend to have more severe disease and do 
not represent patients with asthma evaluated by a gen-
eral practitioner. All asthmatics were on long-term high 
doses of inhaled corticosteroids. Inclusion of a group of 
steroid free asthmatics would have facilitated the poten-
tial association of CS with airway inflammation and lung 
function parameters.

The data presented in this study demonstrate that in 
SA children current symptom control correlates with 
low FeNO suggesting that conventional asthma clinical 
measures like ACT and GINAq reflex control of airway 
inflammation. They are complementary tools. When 
FeNO equipment is not available, clinical scores might 
provide useful information for the follow-up of these 
patients.

Abbreviations
ACT	� Asthma control test
AX	� Area under the curve
BDR	� Bronchodilator response
CS	� Clinical scores
CV	� Coefficient of variation
FEF25–75	� Forced expiratory flows between 25 and 75% of FVC
FeNO	� Fractional exhaled nitric oxide
FEV1	� Forced expiratory volume in 1 s
Fres	� Resonance frequency
FVC	� Forced vital capacity
GINAq	� GINA asthma control questionnaire
IO	� Impulse oscillometry
ICS	� Inhaled glucocorticoids
LABA	� Long-acting β2-agonits
NO	� Nitric oxide
NPV	� Negative predictive value
OSA	� Obstructive Sleep Apnea
PFT	� Pulmonary function test
PPV	� Positive predictive value
R5	� Resistance 5 Hz
R10	� Resistance 10 Hz
ROC AUC	� Receiver operating characteristic
S	� Spirometry
SA	� Severe asthmatic
SE	� Sensitivity
SP	� Specificity
X5	� Reactance 5 Hz
Z5	� Impedance 5 Hz

Acknowledgements
Not applicable.

Author contributions
GP: made the design of the work, acquisition and analysis of data, have drafted 
the work.JMF and VG: made the design of the work, analysis of data, have 
drafted the work.VA and BL: made the design of the work, have substantively 

revised the workCC: has substantively revised the work.All of them have 
approved the submitted version.

Funding
No financial support.

Data availability
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All parents signed a written informed consent. The study was approved by the 
Garrahan´s Hospital Ethics Committee (Ref Proj 1022).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 26 February 2024 / Accepted: 9 May 2024

References
1.	 GBD2019DandIC. Global burden of 369 diseases and injuries in 204 countries 

and territories, 1990–2019: a systematic analysis for the global burden of Dis-
ease Study 2019. Lancet. 2020;396(10258):1204–22. https://doi.org/10.1016/
S0140-6736(20)30925-9. Erratum in: Lancet. 2020;396(10262):1562. PMID: 
33069326; PMCID: PMC7567026.

2.	 Brusselle GG, Koppelman GH. Biologic Therapies for Severe Asthma. N Engl 
J Med. 2022;386(2):157–171. https://doi.org/10.1056/NEJMra2032506. PMID: 
35020986.

3.	​ Global Initiative for Asthma. Global Strategy for Asthma Management and 
Prevention,2023. Available from: www.ginasthma.org.

4.	 Giubergia V, Ramirez Farías MJ, Pérez V, González A, Crespi N, Fridman N, 
Castaños C. Asma grave en pediatría: resultados de la implementación 
de un protocolo especial de atención. Arch Argent Pediatr. 2018 Abr 
1;116(2):105–111.

5.	 Salviano LDDS, Taglia-Ferre KD, Lisboa S, Costa ACCD, Campos HDS, March 
MFP. Association between Fraction of Exhaled Nitric Oxide and Spirometry 
data and Clinical Control of Asthma in Children and Adolescents. Rev Paul 
Pediatr. 2018;36(1):8. https://doi.org/10.1590/1984-0462/;2018;36;1;00015. 
PMID: 29412429; PMCID: PMC5849379.

6.	 Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg JO, Olin AC, 
Plummer AL, Taylor DR, American Thoracic Society Committee on Interpreta-
tion of Exhaled Nitric Oxide Levels (FENO) for Clinical Applications. An 
official ATS clinical practice guideline: interpretation of exhaled nitric oxide 
levels (FENO) for clinical applications. Am J Respir Crit Care Med. 2011 Sep 
1;184(5):602 – 15. https://doi.org/10.1164/rccm.9120-11ST. PMID: 21885636; 
PMCID: PMC4408724.

7.	 Giubergia V, Fridman N, González Pena H. Evaluación Del impacto de un 
programa de atención de niños con asma grave. Arch Argent Pediatr. 
2012;110(5):382–7.

8.	 Comité Nacional de Neumonología. Comité Nacional De Alergia, Comité 
Nacional De Emergencia Y Cuidados Críticos, Comité Nacional De Familia Y 
Salud Mental. Guía de diagnóstico y tratamiento: asma bronquial en niños ≥ 6 
años. Actualización 2021. Arch Argent Pediatr. 2021;119(4):S123–58.

9.	 American Thoracic Society; European Respiratory Society. ATS/ERS recom-
mendations for standardized procedures for the online and offline measure-
ment of exhaled lower respiratory nitric oxide and nasal nitric oxide, 2005. 
Am J Respir Crit Care Med. 2005;171(8):912 – 30. https://doi.org/10.1164/
rccm.200406-710ST. PMID: 15817806.

10.	 Thomas B, Chay OM, Allen JC Jr, Chiang AS, Pugalenthi A, Goh A, Wong P, 
Teo AH, Tan SG, Teoh OH. Concordance between bronchial hyperresponsive-
ness, fractional exhaled nitric oxide, and asthma control in children. Pediatr 
Pulmonol. 2016;51(10):1004–9. Epub 2016 Apr 13. PMID: 27074221.

https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1056/NEJMra2032506
https://doi.org/10.1590/1984-0462/;2018;36;1;00015
https://doi.org/10.1164/rccm.9120-11ST
https://doi.org/10.1164/rccm.200406-710ST
https://doi.org/10.1164/rccm.200406-710ST


Page 7 of 7Peláez et al. BMC Pulmonary Medicine          (2024) 24:270 

11.	 Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo R, 
Enright P, Van der Grinten CP, Gustafsson P et al. ; ATS/ERS Task Force. Stan-
dardisation of spirometry. Eur Respir J. 2005;26(2):319 – 38. https://doi.org/10.
1183/09031936.05.00034805. PMID: 16055882.

12.	 Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi R, Coates A, van 
der Grinten CP, Gustafsson P, Hankinson J et al. Interpretative strategies for 
lung function tests. Eur Respir J. 2005;26(5):948 – 68. https://doi.org/10.1183/0
9031936.05.00035205. PMID: 16264058.

13.	 Graham BL, Steenbruggen I, Miller MR, Barjaktarevic IZ, Cooper BG, Hall GL, 
Hallstrand TS, Kaminsky DA, McCarthy K, McCormack MC. Et. Al. Standardiza-
tion of Spirometry 2019 Update. An official American Thoracic Society and 
European Respiratory Society Technical Statement. Am J Respir Crit Care 
Med. 2019;200(8):e70–88. https://doi.org/10.1164/rccm.201908-1590ST. 
PMID: 31613151; PMCID: PMC6794117.

14.	 Oostveen E, MacLeod D, Lorino H, Farré R, Hantos Z, Desager K, Marchal F, ERS 
Task Force on Respiratory Impedance Measurements. The forced oscillation 
technique in clinical practice: methodology, recommendations and future 
developments. Eur Respir J. 2003;22(6):1026-41. https://doi.org/10.1183/0903
1936.03.00089403. PMID: 14680096.

15.	 Smith HJ, Reinhold P, Goldman MD. Forced oscillation technique and impulse 
oscillometry. Eur Respir Monograph. 2005;31:10: 72–105.

16.	 King GG, Bates J, Berger KI, Calverley P, de Melo PL, Dellacà RL, Farré R, Hall 
GL, Ioan I, Irvin CG et al. Technical standards for respiratory oscillometry. Eur 
Respir J. 2020;55(2):1900753. https://doi.org/10.1183/13993003.00753-2019. 
PMID: 31772002.

17.	 Vega JM, Badia X, Badiola C, López-Viña A, Olaguíbel JM, Picado C, Sastre J, 
Dal-Ré R. Covalair Investigator Group. Validation of the Spanish version of 
the Asthma Control Test (ACT). J Asthma. 2007;44(10):867 – 72. https://doi.
org/10.1080/02770900701752615. PMID: 18097865.

18.	 Meltzer EO, Busse WW, Wenzel SE, Belozeroff V, Weng HH, Feng J, Chon Y, 
Chiou CF, Globe D, Lin SL. Use of the Asthma Control Questionnaire to predict 
future risk of asthma exacerbation. J Allergy Clin Immunol. 2011;127(1):167–
72. Epub 2010 Nov 18. PMID: 21093024.

19.	 Khatri SB, Iaccarino JM, Barochia A, Soghier I, Akuthota P, Brady A, Covar RA, 
Debley JS, Diamant Z, Fitzpatrick AM. American Thoracic Society Assembly 
on Allergy, Immunology, and inflammation. Use of Fractional exhaled nitric 
oxide to Guide the treatment of Asthma: an official American thoracic Soci-
ety Clinical Practice Guideline. Am J Respir Crit Care Med. 2021;204(10):e97–
109. https://doi.org/10.1164/rccm.202109-2093ST. PMID: 34779751; PMCID: 
PMC8759314.

20.	 Verini M, Consilvio NP, Di Pillo S, Cingolani A, Spagnuolo C, Rapino D, 
Scaparrotta A, Chiarelli F. FeNO as a marker of Airways inflammation: the 
possible implications in Childhood Asthma Management. J Allergy (Cairo). 
2010;2010:691425. https://doi.org/10.1155/2010/691425. Epub 2010 May 18. 
PMID: 20948878; PMCID: PMC2948939.

21.	 Fleming L, Tsartsali L, Wilson N, Regamey N, Bush A. Longitudinal relation-
ship between sputum eosinophils and exhaled nitric oxide in children 
with asthma. Am J Respir Crit Care Med. 2013;188(3):400–2. https://doi.
org/10.1164/rccm.201212-2156LE. PMID: 23905533; PMCID: PMC3778731.

22.	 Waibel V, Ulmer H, Horak E. Assessing asthma control: symptom scores, GINA 
levels of asthma control, lung function, and exhaled nitric oxide. Pediatr 
Pulmonol. 2012;47(2):113–8. https://doi.org/10.1002/ppul.21529. Epub 2011 
Aug 24. PMID: 22241569.

23.	 Tibosch M, de Ridder J, Landstra A, Hugen C, Brouwer M, Gerrits P, van 
Gent R, Roukema J, Verhaak C, Merkus P. Four of a kind: asthma control, 
FEV1, FeNO, and psychosocial problems in adolescents. Pediatr Pulmonol. 
2012;47(10):933 – 40. https://doi.org/10.1002/ppul.22514. Epub 2012 Feb 10. 
PMID: 22328345.

24.	 de Abreu FC, da Silva Júnior JLR, Rabahi MF. The Fraction exhaled 
nitric oxide as a biomarker of Asthma Control. Biomark Insights. 
2019;14:1177271919826550. https://doi.org/10.1177/1177271919826550. 
PMID: 30728712; PMCID: PMC6357290.

25.	 Ricciardolo FL, Sorbello V, Bellezza Fontana R, Schiavetti I, Ciprandi G. Exhaled 
nitric oxide in relation to asthma control: a real-life survey. Allergol Immu-
nopathol (Madr). 2016 May-Jun;44(3):197–205. https://doi.org/10.1016/j.
aller.2015.05.012. Epub 2015 Nov 14. PMID: 26589339.

26.	 Volbeda F, Broekema M, Lodewijk ME, Hylkema MN, Reddel HK, Timens 
W, Postma DS, ten Hacken NH. Clinical control of asthma associates with 
measures of airway inflammation. Thorax. 2013;68(1):19–24. https://doi.
org/10.1136/thoraxjnl-2012-201861. Epub 2012 Oct 6. PMID: 23042704.

27.	 Voorend-van Bergen S, Vaessen-Verberne AA, Brackel HJ, Landstra AM, van 
den Berg NJ, Hop WC, de Jongste JC, Merkus PJ, Pijnenburg MW. Monitor-
ing strategies in children with asthma: a randomised controlled trial. Thorax. 
2015;70(6):543–50. https://doi.org/10.1136/thoraxjnl-2014-206161. Epub 
2015 Mar 30. PMID: 25825006.

28.	 Rodrigues AM, Roncada C, Santos G, Heinzmann-Filho JP, de Souza RG, 
Vargas MH, Pinto LA, Jones MH, Stein RT, Pitrez PM. Clinical characteristics 
of children and adolescents with severe therapy-resistant asthma in Brazil. 
J Bras Pneumol. 2015 Jul-Aug;41(4):343–50. https://doi.org/10.1590/S1806-
37132015000004462. PMID: 26398754; PMCID: PMC4635954.

29.	 Payne DN, Rogers AV, Adelroth E, Bandi V, Guntupalli KK, Bush A, Jeffery 
PK. Early thickening of the reticular basement membrane in children with 
difficult asthma. Am J Respir Crit Care Med. 2003;167(1):78–82. https://doi.
org/10.1164/rccm.200205-414OC. PMID: 12502479.

30.	 Chan R, Lipworth BJ. Determinants of asthma control and exacerbations in 
moderate to severe asthma. J Allergy Clin Immunol Pract. 2022;10(10):2758–
2760.e1. https://doi.org/10.1016/j.jaip.2022.06.042. Epub 2022 Jul 5. PMID: 
35803537.

31.	 Chan R, Lipworth B. Forced vital capacity and low frequency Reactance Area 
measurements are Associated with Asthma Control and exacerbations. Lung. 
2022;200(3):301–3. https://doi.org/10.1007/s00408-022-00542-1. Epub 2022 
Jun 3. PMID: 35662363; PMCID: PMC9205791.

32.	 Chan R, Lipworth BJ. Combining low-frequency oscillometry and spirometry 
measurements in relation to asthma control and exacerbations in moderate-
to-severe asthma. J Allergy Clin Immunol Pract. 2022;10(7):1910–1912.e1. 
https://doi.org/10.1016/j.jaip.2022.03.023. Epub 2022 Apr 8. PMID: 35398555.

33.	 Jenkins HA, Cherniack R, Szefler SJ, Covar R, Gelfand EW, Spahn JD. A 
comparison of the clinical characteristics of children and adults with severe 
asthma. Chest. 2003;124(4):1318-24. https://doi.org/10.1378/chest.124.4.1318. 
PMID: 14555561.

34.	 Lang AM, Konradsen J, Carlsen KH, Sachs-Olsen C, Mowinckel P, Hedlin G, 
Lødrup Carlsen KC. Identifying problematic severe asthma in the individual 
child–does lung function matter? Acta Paediatr. 2010;99(3):404–10. https://
doi.org/10.1111/j.1651-2227.2009.01625.x. Epub 2009 Dec 22. PMID: 
20040073.

35.	 Alberto Vidal G. Ana María Escobar C. Y María Eugenia Medina R. correlation 
and agreement between the instruments of asthma control in children. Rev 
Chil Enf Respir. 2012;28:29–34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1183/09031936.03.00089403
https://doi.org/10.1183/09031936.03.00089403
https://doi.org/10.1183/13993003.00753-2019
https://doi.org/10.1080/02770900701752615
https://doi.org/10.1080/02770900701752615
https://doi.org/10.1164/rccm.202109-2093ST
https://doi.org/10.1155/2010/691425
https://doi.org/10.1164/rccm.201212-2156LE
https://doi.org/10.1164/rccm.201212-2156LE
https://doi.org/10.1002/ppul.21529
https://doi.org/10.1002/ppul.22514
https://doi.org/10.1177/1177271919826550
https://doi.org/10.1016/j.aller.2015.05.012
https://doi.org/10.1016/j.aller.2015.05.012
https://doi.org/10.1136/thoraxjnl-2012-201861
https://doi.org/10.1136/thoraxjnl-2012-201861
https://doi.org/10.1136/thoraxjnl-2014-206161
https://doi.org/10.1590/S1806-37132015000004462
https://doi.org/10.1590/S1806-37132015000004462
https://doi.org/10.1164/rccm.200205-414OC
https://doi.org/10.1164/rccm.200205-414OC
https://doi.org/10.1016/j.jaip.2022.06.042
https://doi.org/10.1007/s00408-022-00542-1
https://doi.org/10.1016/j.jaip.2022.03.023
https://doi.org/10.1378/chest.124.4.1318
https://doi.org/10.1111/j.1651-2227.2009.01625.x
https://doi.org/10.1111/j.1651-2227.2009.01625.x

	﻿Childhood severe asthma: relationship among asthma control scores, FeNO, spirometry and impulse oscillometry
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Statistic analysis

	﻿Results
	﻿Discussion
	﻿References


