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Why Do Preterm Infants Wheeze? Clues 
from Epidemiology

Elianne Vrijlandt

�Definitions

In accordance with the World Health Organization (WHO), preterm birth is defined 
as a live birth before 37 completed weeks of pregnancy. On the basis of gestational 
age, three subcategories of preterm birth are distinguished:

Extremely preterm (<28 weeks)
Very preterm (28 to <32 weeks)
Moderate to late preterm (32 to <37 weeks)

�Bronchopulmonary Dysplasia

The classic diagnosis of BPD may be assigned at 28 days of life, provided the fol-
lowing criteria are met:

	1.	 Supplemental oxygen is required beyond 28 days of age in order to maintain 
PaO2 above 50 mmHg

	2.	 Chest radiograph with diffuse abnormal findings characteristic of BPD
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�Newer Criteria

The newer criteria for BPD, issued by the National Institute of Health (USA) and 
applicable to neonates treated with more than 21 % oxygen for at least 28 days, are 
as follows:

�Mild  Breathing room air at 36 weeks’ postmenstrual age or at discharge (which-
ever comes first) for infants born before 32 weeks or Breathing room air by 56 days 
postnatal age or at discharge (whichever comes first) for infants born after 32 weeks’ 
gestation

�Moderate  The need for <30 % oxygen at 36 weeks’ postmenstrual age or at dis-
charge (whichever comes first) for infants born before 32 weeks, or The need for 
<30 % oxygen until 56 days’ postnatal age or at discharge (whichever comes first)

�Severe  The need for >30 % oxygen, with or without positive pressure ventilation 
or continuous positive pressure, at 36  weeks’ postmenstrual age or at discharge 
(whichever comes first) for infants born before 32 weeks, or The need for >30 % 
oxygen, with or without positive pressure ventilation or continuous positive pres-
sure, at 56 days’ postnatal age or at discharge (whichever comes first) for infants 
born after 32 weeks’ gestation

Currently, the most commonly used clinical definition of BPD is the need for 
supplemental oxygen at 36 weeks’ corrected gestational age, often referred to as the 
Shennan definition [1]. Newer definitions, incorporating a physiological test of 
room air saturation at 36 weeks and a severity grade based on the extent of respira-
tory support required, have also been proposed and are used both clinically and for 
research purposes [2].

�Wheeze

Wheezing is a high-pitched whistling sound heard during breathing caused by air 
being forced through airways that are narrower than normal. Wheezing is com-
monly more prominent when breathing out than when breathing in.

�Asthma (WHO Definition; See http://www.who.int/respiratory/asthma/
definition/en/)

Asthma is a disease characterized by recurrent attacks of breathlessness and wheez-
ing that vary in severity and frequency from person to person. In one individual such 
attacks may occur every hour, and in another they are a daily occurrence. This con-
dition is due to inflammation of the air passages in the lungs and affects the sensitiv-
ity of the nerve endings in the airways so they become easily irritated. During an 
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attack, the lining of the passages swell, causing the airways to narrow and thus the 
flow of air in and out of the lungs is reduced.

�Introduction

Worldwide, the WHO has estimated that more than 15 million infants are born pre-
term, that is, 11 % of live births. Rates of preterm births are increasing in most 
countries with reliable data [3]. Across 184 countries, the rate of preterm births 
ranges from 5 to 18 % of live births. In 2010, it was estimated that the rate of pre-
term births in the USA was 12  %, accounting for 42  % of all preterm births in 
developed regions [4]. Approximately, 90  % of preterm infants survived [5]. In 
2014, in the USA, the preterm birth rate declined to 9.57 %, while the low birth 
weight rate remained essentially unchanged at 8 % [6].

In this chapter, we discuss respiratory outcomes of preterm infants and the impact 
of the diagnosis BPD later in life. It is important to realize, however, that not only 
respiratory problems may play a role later on, but cardiovascular diseases and develop-
mental problems also play a role. Many survivors face a lifetime of disability, includ-
ing learning disabilities, visual, and hearing problems. The significant associations of 
preterm birth with adult health and health-related problems have become increasingly 
recognized thanks to epidemiological research and clinical observations [7]. In the 
light of the increasing numbers of survivors of preterm birth, with or without BPD, and 
the lack of a clear understanding of the etiology of sequelae in later life, the goal of this 
chapter is to review the published literature to determine the effects of preterm birth on 
different stages during the course of life. We address the following questions:

	1.	 Which respiratory symptoms are described in preterm-born infants?
	2.	 Does wheezing occur in former preterm-born children, adolescents, or adults?
	3.	 Does gestational age matter?
	4.	 Which putative mechanisms are to be expected?
	5.	 Which risk factors are described for respiratory problems in former preterm-

born children?

�Which Respiratory Symptoms Are Described in Preterm-Born 
Infants?

Preterm birth predisposes individuals to the development of chronic respiratory dis-
eases in infancy, childhood, and adulthood, including asthma and chronic obstruc-
tive pulmonary disease (COPD) [8]. Beyond the neonatal period, the major 
respiratory problems during infancy and early childhood that require hospitalization 
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are respiratory exacerbations caused by infections, viral infections particular. Signs 
and symptoms of severe respiratory infections may include fever, a barking cough, 
wheezing, tachypnea, chest wall retractions, nasal flaring, difficulty with drinking, 
lethargy, and sometimes, cyanosis. These symptoms become milder in school-age 
children. Nevertheless, a group of children remains – even as they grow older – who 
have recurrent episodes of wheezing and decreased lung function tests, that is, 
decreased forced expiratory volume [9].

Other respiratory symptoms associated with preterm birth are noisy breathing 
and stridor due to laryngomalacia or postintubation, subglottic stenosis, vocal cord 
paralysis, or tracheomalacia. Although preterm infants do not necessarily have a 
higher incidence of laryngomalacia, they do tend to develop the more severe form 
of this condition [10]. Left vocal cord paralysis is not uncommon in patients exposed 
to persistent ductus arteriosus surgery as preterm infants. The condition may be eas-
ily overlooked, and the symptoms may be confused with those of other diseases. 
Laryngoscopy should be offered on the basis of liberal indications after persistent 
ductus arteriosus ligation [11].

BPD develops in approximately 10–40 % of infants born with very low birth 
weight (VLBW) and extremely low birth weight, amounting to 5000 to 10,000 new 
cases in the USA each year, depending on the definition applied [12]. Although 
mortality attributable to BPD has declined over the past decade [13], BPD places a 
significant demand on health services [12] and constitutes a significant health bur-
den long after the neonatal period.

On first presentation in 1967, infants with BPD showed persistent respiratory 
signs and symptoms; they required supplemental oxygen to treat hypoxemia, 
displayed persistent abnormal lung fields on chest radiograph; and histopatho-
logical changes, such as interstitial thickening, lung fibrosis, airway epithelial 
metaplasia, and smooth muscle hypertrophy occurred [14]. Following the 
increased use of antenatal steroids for lung maturation and the development of 
exogenous surfactant replacement therapy, the severity of infant lung diseases 
decreased and the survival of preterm newborns improved, particularly at lower 
gestational ages. These medical advancements resulted in the evolution of the 
disorder to a new form of the condition, one that predominantly occurs in the 
group of extremely preterm infants. BPD, in the contemporary era of perinatal 
care, is characterized by persistent decreases in alveolar counts, with enlarged 
alveoli, resulting in an overall reduction of the surface area available for gas 
exchange. It is, therefore, considered a consequence of disrupted or arrested lung 
development [15, 16].

Several studies have shown that infants who develop BPD experience more prob-
lems during infancy, childhood, adolescence, and adult age than preterm-born 
infants who do not develop BPD and healthy controls [17–19]. These problems 
emerge in different areas of functioning. Chronic respiratory signs in infants with 
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BPD include tachypnea with shallow breathing retractions, a paradoxical breathing 
pattern with rhonchi, crackles, and wheeze. Pulmonary function tests show 
decreased tidal volume, increased airway resistance, decreased dynamic lung com-
pliance with increasing ventilation/perfusion mismatch, and decreased V’maxFRC 
(that worsen during the first year of life) [20, 21]. Uneven airway obstruction leads 
to gas trapping and hyperinflation with abnormal distribution of ventilation [20]. 
Because of increased vascular resistance in the lungs, children with BPD may 
develop right ventricular hypertrophy. Left ventricular hypertrophy is also seen, 
possibly associated with systemic hypertension, a condition commonly found in 
children with BPD [22–24]. With persisting lung impairment, survivors of BPD 
may be at risk of developing chronic obstructive physiologic impairments later in 
life, such as fixed airflow obstruction and hyperinflation.

�Does Wheezing Occur in Former Preterm-Born Children, 
Adolescents, or Adults?

Been et al. performed a systematic review and a meta-analysis on preterm birth and 
childhood wheezing disorders. The symptoms they studied included wheezing, 
coughing, chest tightness, and shortness of breath [9].

The researchers identified 30 studies that investigated the association between 
preterm birth and asthma or wheezing disorders in more than 1.5 million children 
between 1995 and the present. This time span was chosen to allow for recent 
changes in the management of preterm birth. Of the 30 major studies on the associa-
tion published worldwide, nearly a third reported no effect, whereas the others 
reported significant associations, with odds ratios (ORs) ranging from 1.2 to 4.9. 
Across the studies, 13.7 % of the preterm-born infants developed asthma or wheez-
ing disorders during childhood, compared to only 8.3 % of infants born at term. 
Overall, therefore, the risk of preterm infants developing either asthma or a wheez-
ing disorder during childhood was 1.71 times higher than the risk of full-term 
infants developing these conditions (an unadjusted OR of 1.71) [9]. Inconsistencies 
in the preterm birth–asthma association in part reflected differences among studies 
in three key domains: definitions of asthma, degree of prematurity, and the age at 
which asthma was assessed.

The pulmonary outcome of extremely preterm and very preterm children (born 
before 32 weeks’ gestational age) has been studied extensively [5, 25]. The resid-
ual respiratory problems of these children include cough and wheeze and/or other 
asthma-like symptoms [26, 27]. In contrast to the pulmonary problems of 
extremely and very preterm infants, the pulmonary outcomes of former moderate 
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to late preterm children are largely unknown, even though this group is much 
larger [6]. It remains uncertain whether the risk of long-term respiratory morbidity 
is larger in late preterm- born children than in full-term born children [28]. There 
are reports of increased hospitalization for respiratory problems in the first year of 
life, a higher rate of respiratory symptoms, for example, nocturnal coughing or 
wheezing without having a cold during early childhood, and a higher likelihood of 
abnormal pulmonary function studies [28, 29].

The Lollipop study showed that moderate to late preterm-born children had more 
respiratory problems during their first 5 years of life than their full-term born coun-
terparts [29]. At the age of 5 years, rates of respiratory symptoms between former 
moderate to late preterms and extremely and very preterm children were similar and 
both were higher than in full-term born children. The symptoms resulted in more 
medication used and more absenteeism from school (see Table 1).

Other studies, however, found that late preterm birth was not associated with a 
diagnosis of asthma in early childhood [30, 31].

The EPICure study is a good example of considering respiratory symptoms dur-
ing preadolescence and adolescence in children born extremely preterm. This study 
defined extremely preterm as <25 completed weeks of gestation. It showed increased 
respiratory morbidity at 11 years of age, especially among those children who had 
been diagnosed with BPD [32]. When compared to classmates, children born 
extremely preterm were more likely to have a current diagnosis of asthma (25 % 
versus 13 %; P < .01), recent respiratory symptoms, and medication. Among mem-
bers of the extremely preterm group, significantly more with prior BPD reported 
wheeze in the past 12 months (see Table 2).

For some former preterm-born adolescents, particularly those who suffered 
BPD, obstructive lung disease persists into adulthood. Wong et  al. reported 
significantly increased respiratory symptoms in a young adult population born at a 
time prior to the routine use of surfactant and who had all survived moderate to 
severe BPD [33]. During adolescence and adulthood, the balance of evidence sug-
gested that preterm infants either with or without subsequent BPD have excess 
respiratory symptoms, including cough, wheeze, and asthma [34]. Functional pul-
monary abnormalities consist of airway obstruction, airway hyperreactivity, and 

Table 1  Prevalence of respiratory symptoms at 5 years of age [29]

Symptoms
Early 
preterms (%)

Moderate to late 
preterms (%)

Full-term born 
children (%)

Wheeze 34 28 19
Cough 34 33 24
Treatment for respiratory 
symptoms

21 18 9

Current asthma 9 10 6
Absent from school due to 
respiratory symptoms

22 21 11
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hyperinflation as well as exercise restriction [14, 35]. In these patients, a program of 
lung function monitoring and pulmonary prophylaxis by means of elimination of 
specific risk factors, such as smoking, in adulthood is advisable.

�Does Gestational Age Matter?

Complications of preterm birth (<37 completed weeks of gestation) are most often 
seen in very preterm infants (28–31 weeks’ gestation) and extremely preterm infants 
(<28 weeks’ gestation), although it is increasingly recognized that even moderate to 
late preterm infants are at increased risk of adverse health and developmental out-
comes [36]. This increased risk of respiratory morbidity in late preterm infants is 
probably related to immature lung structure, since lung development of the terminal 
respiratory sacs and alveoli continues between gestational weeks 34 and 36.

Infants born most extremely preterm, during the late canalicular or saccular stage 
of lung development, carry the greatest burden of early respiratory disease, putting 
them at greatest risk of later pulmonary morbidity. Indeed, despite medical advances 
in neonatal care that has led to improvements in the survival rate of extremely pre-
term infants, the prevalence of the neonatal chronic lung disease, BPD, has not 
diminished [18]. It remains the most common complication of extremely preterm 
birth. Later in life, the risk of asthma or wheezing disorders increases as the degree 
of prematurity increases [9]. The risk was considerably higher among children born 
very preterm, (OR 3.00, 95 % CI 2.61–3.44), when compared to moderately preterm 
children (OR 1.49, 95 % CI 1.34–1.66) [9].

�Which Putative Mechanisms Are to Be Expected?

What is the pathophysiology of respiratory symptoms, such as wheezing disorders, 
in former preterms? There is the assumption of asthmatics wheeze due to airflow 
obstruction as a result of the cumulative effects of smooth muscle constriction 
around airways, airway wall edema, intraluminal mucus accumulation, 

Table 2  Prevalence of respiratory symptoms at the age of 11 years in extremely preterm children 
[32]

Symptoms
Extremely preterm, 
with BPD (%)

Extremely preterm, 
without BPD (%)

Full-term born 
children (%)

Wheeze 25 12 14
Nocturnal cough 22 15 11
Current asthma 28 19 13
Asthma 
medication

27 19 11
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inflammatory cell infiltration of the submucosa, and basement membrane thicken-
ing [37]. Inflammation can cause airway hyperresponsiveness and airflow 
obstruction.

Is this also the case for preterms? They are often labeled asthmatic, although the 
underlying mechanisms are likely to be very different. Several mechanisms, such as 
lung growth, inflammation, and structural changes might play a role in putative 
mechanisms for wheezing in patients born prematurely.

�Lung Growth

The respiratory system undergoes significant growth and development during the 
third trimester of fetal life and throughout the first year of infancy. Postnatally, the 
pattern of physiological airway development is best characterized by the global lung 
initiative (http://www.lungfunction.org/). In healthy children, lung volume and 
function (FVC and FEV1) continue to increase throughout childhood and reach a 
plateau at 20 to 25 years [38]. Subsequently, lung volume and function decline 
steadily with age. In individuals who experienced early lung injury or maldevelop-
ment during infancy, a reduction in peak lung growth may appear [8]. The outcome 
of poor lung development depends on the type and severity of the insult as well as 
the developmental stage of the lung at the time it occurred [39]. Longitudinal stud-
ies show temporal tracking of small airway diseases among preterm-born individu-
als [40, 41].

The “new” BPD is often described with pathologic changes of large, simplified 
alveolar structures, a dysmorphic capillary configuration, and variable interstitial 
cellularity and/or fibroproliferation [15]. Airway and vascular lesions, when pres-
ent, tend to be present in infants who develop more severe diseases over time [42]. 
The concept that “new” BPD results in an arrest in alveolization should be modified 
to that of an impairment in alveolarization since evidence shows that short ventila-
tory times and/or the use of nCPAP allow continued alveolar formation [42]. An 
area of emerging interest in the field of lung imaging is 3He diffusion MRI. With 
this technique, alveolar damage was studied in survivors of extreme preterm birth 
by comparing alveolar dimensions between full-term born and preterm-born school 
children [43]. Alveolar size at school age was similar in survivors of extreme pre-
maturity and full-term born children. Because extreme preterm birth is associated 
with deranged alveolar structure in infancy, the most likely explanation for this find-
ing is catch-up alveolarization.

Therefore, prematurity per se may have an impact on lung growth, but neonatal 
events and treatment, for example, supplemental oxygen or mechanical ventilation, 
may cause inflammatory responses followed by a repair process. The repair process 
may be “healing” but may also become chronic in response to continued inflamma-
tion, resulting in structural changes in the airways that are referred to as remodeling. 
These structural changes may result in irreversible narrowing of the airways. Over 
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time, in most children, with or without BPD, pulmonary function improves. Whether 
this improvement represents repair of damaged lung tissue or growth of new lung 
tissue, or both, has yet to be determined.

Children and adolescents with severe BPD, however, show evidence of chronic 
obstructive pulmonary disease. Kotecha et al. systematically reviewed the literature 
to determine whether the percentage predicted forced expiratory volume during 1 s 
(%FEV1) is lower in preterm-born subjects, with or without BPD, in comparison to 
full-term born controls. They found that %FEV1 is decreased in preterm-born survi-
vors, even in individuals who did not develop BPD. For the preterm-born group 
without BPD, the mean difference %FEV1 in comparison to full-term born controls 
is −7.2  %, and for the BPD groups, it was −16.2  % to −18.9  %, respectively 
(according to the definition of BPD) [44].

�Inflammation

Former preterm-born children show little evidence of eosinophilic inflammation 
[45]. Exhaled nitric oxide concentrations are significantly lower in BPD survivors 
than in asthmatic cases, suggesting that different pathogenetic mechanisms charac-
terize these two chronic obstructive lung diseases [46].

When inflammation plays a role, treatment with inhaled corticosteroids might 
be effective. A recent systematic review studied whether inhaled bronchodilators 
and inhaled corticosteroids improve long-term outcomes in neonates with BPD. No 
meta-analysis was attempted due to the large degree of heterogeneity and quality 
assessment of the studies included. The conclusion was that although these inhaled 
therapies seem to have some benefit, very limited data are available suggesting 
that these treatments at neonatal age improve long-term outcomes of infants with 
BPD [47].

Kotecha et al. systematically reviewed the evidence for bronchodilator treatment 
in former preterm-born children and adults. They concluded that the majority of the 
studies reported short-term effects of a single-dose administration with an improve-
ment in %FEV1 after bronchodilator treatment. There is, however, a paucity of data 
on the effect of longer term administration of bronchodilators on the lung function 
of former preterm-born children [48]. The number of studies with inhaled cortico-
steroids is small in older preterm-born children and these studies show no effect 
[49]. There is no current evidence to advocate widespread use of bronchodilators or 
inhaled corticosteroids, even though a component of variable airflow obstruction 
may be present. Additional evidence for optimal treatment is required [50].

Acute inflammation due to respiratory tract infections, such as respiratory syncy-
tial virus (RSV) infection, could be an important mechanism of recurrent wheeze 
during the first year of life in preterm-born infants [51]. A connection between viral 
infections and exaggerated cell death and inflammatory pathways in the developing 
lung was recently revealed [52].
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�Structural Changes

In contrast to early lung development, a process exemplified by the branching of 
the developing airways, the later development of the immature lung remains 
poorly understood. A key event in late lung development is secondary septation, 
in which secondary septa arise from primary septa, creating a greater number of 
alveoli of a smaller size. This phase in lung development dramatically expands the 
surface area over which gas exchange can take place [52]. Secondary septation, 
together with architectural changes to the vascular structure of the lung that mini-
mize the distance between inspired air and blood, is the objective of late lung 
development. When late lung development is disturbed, lung architecture is mal-
formed. Depending on the severity of the architectural malformation, there may 
be serious consequences in terms of respiratory function, as well as long-term 
consequences in later life [52]. It is not clear whether early preterm lung injury is 
associated with structural damage to surrounding lung tissue because it is difficult 
to obtain histological tissue for study purposes. Nevertheless, a crucial mecha-
nism that secures airway patency and thus adequate maintenance of functional 
residual capacity (FRC) is airway tethering [53–55]. Tethering is the element that 
couples lung volume to airway patency. Thus, as lung volumes increase, airway 
diameter and hence expiratory flows increase. Maturation of the alveolar network 
improves parenchymal elastance and, as a consequence, airway tethering. 
Immaturity adds up to the elements constituting the vulnerability of preterm 
infants [53].

Radiologic studies in older and more severe cases with BPD showed structural 
changes such as emphysema on high-resolution CT scans [33, 56, 57]. There seems 
to be an association between the extent of radiological abnormality on high-
resolution CT scans and the severity of lung function impairment [33].

�Which Risk Factors Are Described for Respiratory Problems 
in Former Preterm-Born Children?

On the one hand, there are several factors that may cause a preterm birth and that, 
additionally, are likely to affect fetal lung development and adult outcome. On the 
other hand, there are several postnatal factors that affect the risk of continuing respi-
ratory problems in a former preterm-born child.

Preterm delivery is the most common cause of abnormal lung development and 
can itself lead to lifelong sequelae. As described above, compared to full-term born 
children, children born very preterm (before 32 weeks’ gestation) approximately 
run a three times higher risk of developing asthma and/or wheezing disorders in 
unadjusted and adjusted analyses [9].

Factors that may result in poor lung development prenatally include inadequate 
nutrition or specific nutrient deficiencies, maternal alcohol consumption, expo-
sure to tobacco smoke, chorioamnionitis, and intrauterine infection. Postnatal fac-
tors include being ventilated with high oxygen concentrations, BPD, respiratory 

E. Vrijlandt



25

infections, and exposure to environmental pollution [8, 52]. Hypoxia also repre-
sents a potent stimulus that has a negative impact on late lung development. The 
impact of corticosteroids on lung development is complicated, since the positive 
anti-inflammatory and lung maturation impact of corticosteroids is counterbal-
anced by growth retardation and other effects on the lung [52].

With regard to the respiratory tract infections, “the chicken or the egg” debate is 
ongoing. Human RSV is the most common cause of severe lower respiratory tract 
illnesses in both preterm and full-term newborns and young children, and it is asso-
ciated with subsequent recurrent wheeze. Observational studies cannot determine 
whether RSV infection is the cause of recurrent wheeze or the first indication of 
preexistent pulmonary vulnerability in preterm infants. Several studies showed 
increased susceptibility of preterm-born children (with and without BPD) to RSV 
[58]. In the Lollipop study, the rates of hospitalization due to proven RSV infection 
are higher in both preterm groups than in full terms. No difference in disease sever-
ity was observed. Among moderate–late preterms, the rate of RSV hospitalization 
was higher for lower gestational ages and if the infants had been exposed to passive 
smoking [59].

Nonrandomized trials in preterm infants (approximately 30 ± 2 weeks’ gesta-
tional age) suggested that the prevention of lower respiratory tract illness caused by 
RSV reduces subsequent recurrent wheeze in infants without a family history of 
atopy, while no effect was found in infants with a family history of atopy [60, 61]. 
In another study, in otherwise healthy 33–35 weeks’ gestational age preterm infants, 
palivizumab treatment resulted in a significant reduction in wheezing days during 
the first year of life, even after treatment had stopped. These findings might impli-
cate RSV infection as an important mechanism of recurrent wheeze during the first 
year of life in such infants [51]. Other risk factors for continuing respiratory prob-
lems in moderate to late preterm children were found to be eczema during the first 
year of life, passive smoking during the first year, higher social class, and a positive 
family history of asthma [29].

�Conclusion

The major respiratory problems for preterm-born infants (with or without BPD) that 
need hospitalization are respiratory exacerbations caused by infections, particularly 
viral infections. The most common symptoms in former preterm-born children are 
cough, wheeze, and/or other asthma-like symptoms. Overall, the risk of former pre-
term children developing asthma or a wheezing disorder during childhood is almost 
twice that of full-term infants. As children grow older, the symptoms become milder. 
Nevertheless, a group of adolescents and adults remains who still present with 
chronic airway obstruction defined by recurrent episodes of wheezing and decreased 
lung function tests, that is, decreased forced expiratory volume. The risk of asthma 
and/or wheezing disorders increases as the degree of prematurity increases. Putative 
mechanisms for wheeze may include early lung injury or maldevelopment during 
infancy, respiratory infections during the first year of life, and structural changes of 
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the lung parenchyma. Patients are often labeled asthmatic although the underlying 
mechanisms are likely to be very different. Characterizing airway diseases in adult 
survivors of preterm birth in terms of extent and nature of airflow obstruction, pat-
tern of any inflammation, and presence of airway reactivity is very important to 
prevent over or under treatment.
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