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Abstract. Nose and lungs are considered as anatomic and functional unit, as they share morphological, patho-
physiological and immunological basis. Allergic rhinitis and asthma often coexist in the same individual, and 
the treatment of one also improves the symptoms of the other (one airway, one disease). The aim of this review 
is to discuss the interaction between upper and lower airways, based on recent scientific evidence and, criti-
cally, analyze the important implications the new findings have for the future therapy and prevention of these 
common diseases. (www.actabiomedica.it)
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Introduction

The concept of United Airway Disease (UAD) 
was introduced in the first 2000s to indicate the mor-
pho-functional connection existing between the lower 
and upper airways (1).

The nasopharynx and the lungs, in addition to be-
ing connected from an anatomical point of view, share 
a common pathophysiological and immunological ba-
sis that supports the concept of “one airway, one dis-
ease”(2).

UAD was classically born to define the link be-
tween allergic rhinitis (AR) and asthma by considering 
them as manifestations of one syndrome in different 
parts of the respiratory tract and that the more severe 
the rhinitis, the more severe the asthma. Currently 

it has taken on a more heterogeneous and complex 
meaning, including other diseases of the upper and 
lower airways such as rhinitis with and without nasal 
polyposis and crhonic obstructive pulmonary disease 
(COPD) (3). In childhood UAD has been described 
mainly through the association between allergic rhini-
tis and asthma (4-6).

An association between upper and lower airways 
has also been observed in COVID-19 infection. Chil-
dren were found to have significantly lower expression 
of COVID-19 receptors (angiotensin-converting en-
zyme 2 (ACE2) and transmembrane serine protease 2 
(TMPRSS2)) in the nasal and bronchial mucosa, than 
adults (7) resulting in a less severe infection, mostly, 
limited to the upper airways (8).
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Epidemiological and clinical evidence of united airway 
disease

Allergic rhinitis is one of the most common dis-
eases in children, though it is often underdiagnosed or 
undertreated. According to Asher et al (9), the preva-
lence of AR varies between 0.8 to 14.9% in 6–7-years 
old and 1.4 to 39.7% in 13–14-years old children 
worldwide. AR occurs in association with several other 
diseases, including asthma, allergic conjunctivitis, at-
opic dermatitis and sinusitis.

AR is a risk factor for asthma both in adults 
(10,11) and children (12). Approximately 30% of pa-
tients with rhinitis develops asthma (13) and up to 
80% of patients with perennial asthma have rhinitis 

(14). In a German cohort of 1314 healthy newborns 
recruited in 1990, Cough et al. found that, at age 20, 
asthma occurred more frequently with coexisting aller-
gic rhinitis and/or eczema than as a single entity from 
pre-puberty to adulthood (15).

Severity of rhinitis was positively correlated with 
a score of asthma severity (16) and inversely correlated 
to an index of quality of life (17). On the other hand, 
patients with severe uncontrolled asthma commonly 
have severe nasal disease (often chronic rhinosinusitis 
(18). 

Burgess et al. demonstrated that allergic rhini-
tis increases the likelihood of new-onset asthma af-
ter childhood and the likelihood of having persisting 
asthma from childhood into middle age (19). Some 
studies have shown an increase of nonspecific bron-
chial hyperreactivity (BHR) in patients with allergic 
and non-allergic rhinitis, especially during the exacer-
bation stage (20,21). Ciprandi et al. found an increase 
of BHR and spirometric impairment both in patients 
with perennial and seasonal AR (22,23). 

In COpenhagen Prospective Studies on Asthma 
in Childhood (COPSAC) birth cohort, Chawes et al. 
observed the association between upper and lower air-
way diseases also in non-atopic individuals (24), find-
ing that both children with allergic and non-allergic 
forms of rhinitis have a similar risk of developing 
asthma (25).

According to Allergic Rhinitis and its Impact 
on Asthma (ARIA) 2019 guidelines for the manage-
ment of AR and asthma comorbidities, the presence 

of asthma should always be excluded in patients with 
allergic rhinitis, especially in those with moderate to 
severe persistent rhinitis (26). 

The link between upper and lower airways is also 
reflected in therapeutic practice. It has been shown 
that a careful AR management is associated with bet-
ter asthma control and, likewise, the improvement of 
asthma was associated with a resolution of allergic rhi-
nitis symptoms (27,28). Inhaled corticosteroids used 
for the treatment of rhinitis are associated with a better 
control of asthma symptoms and viceversa (29) and im-
munotherapy (not widely used in clinical management 
of rhinitis) was found to prevent the development of 
the asthma (30,31). Novembre et al. found that three 
years of short-term co-seasonal sublingual immuno-
therapy improves seasonal allergic rhinitis symptoms 
and reduces the development of seasonal asthma in 
children with hay fever (32).

UAD underlying mechanisms 

The interaction between lower and upper airways 
is supported by anatomical, pathophysiological and 
immunological mechanisms. First of all, the upper air-
ways are the first filter for the entry of pathogens and 
allergens in the respiratory tract and have the function 
of humidifying and heating the air. In rhinitis the in-
flammation and edema of the nasal mucosa, together 
with the increase of oral breathing, promote the entry 
of inhalants into the lungs, resulting in inflammation 
and bronchial hyperreactivity (33.) From an anatomical 
and histological point of view, upper and lower airways 
share common elements, including ciliary epithelium, 
basement membrane, lamina propria, mucous glands. 
Unlike the upper airways, the bronchi have a fibrocar-
tilage structure and smooth muscle cells.  In a com-
parative study between asthmatic and control subjects, 
Chanez et al. found a thickening of the lamina reticula-
ris of the nasal and bronchial mucosa in control subjects 
and in subjects with perennial rhinitis and asthma. In 
both, the thickening of the nasal lamina reticularis cor-
related with that of the bronchial tissue (34).

Allergic rhinitis and asthma share common 
pathophysiological mechanisms including Th2-medi-
ated response, IgE-mediated hypersensitivity and in-
creased eosinophilic counts (Figure 1).
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Ballardini et al. observed that Ige-mediated sensi-
tization to common epitopes is associated with an in-
creased risk of developing both asthma and allergic rhi-
nitis in childhood (35). In a 2010 cross-sectional study, 
it was found that sputum eosinophilia was associated 
with 52 times increase in odds of nasal eosinophilia and, 
therefore, monitoring of nasal eosinophilia by cytology 
may be a useful substitute for sputum cytology in the 
composite assessment of airway inflammation (36).

The spread of inflammation from upper to lower 
airways has been subject of many studies (37,38,39). 

It has been suggested that local airway inflamma-
tion may result in systemic inflammation through the 
activation of bone marrow with chemotaxis of white 
blood cells both in upper and lower airways (40). In 
a recent meta-analysis (41), researchers have studied 
the role of Staphylococcus aureus superantigens in the 
persistence and severity of asthma and allergic rhinitis. 
If superantigens are confirmed to modify, if not cause, 
allergic airways diseases then therapeutic interventions 
included antibiotics, anti-IgE when SE (staphylococ-
cal enterotoxin) specific IgE are found in serum or 
respiratory tissues, antibodies against Th2-orientated 
cytokines and, ultimately, vaccination therapy to pre-
vent Staphylococcal infections, should be considered. 

In a 2018 study (42), it was noted, in a cohort of 
73 6-year-old children with moderate/severe AR, that 

those who developed asthma had a significant differ-
ence in respiratory resistance (Rrs) and reactance (Xrs) 
before and after bronchodilation (BD), but only at AR 
exacerbations. This study reveals that small-airway 
dysfunction precedes the development of asthma in 
children with allergic rhinitis and changes in respira-
tory impedance at AR exacerbation may assist in iden-
tifying those at risk to progress to asthma. In children 
with asthma, higher exhaled NO levels were found in 
atopic than in non-atopic subjects (43).

Another connection between nose and lungs was 
suggested by the existence of the nose-pharynx-bron-
chial reflex, that can occur after stimulation by patho-
gens or allergens (40,44) (Figure 2). 

Nervous signals transmitted through afferent fib-
ers of the trigeminal nerve are elaborated in the brain-
stem, from which efferent fibers, that control bronchial 
muscle tone and lower airways constriction, branch 
off. Evidence supporting the hypothesis is the appli-
cation of pepper, silicon particles, or cold air to the 
nasal mucosa can produce immediate effects on FEV1 
or respiratory resistance and trigeminal resection pre-
vents bronchoconstriction induced by the application 
of silicon particles to the nasal mucosa (37). However, 
the most recent studies do not seem to confirm the 
existence of a nasal bronchial reflex, focusing on the 
study of inflammatory and immunological mecha-

Figure 1. The connection between upper and lower airways: possible mechanisms and results.
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nisms underlying the relationship between upper and 
lower airways (45,46).

In recent years, the role of the microbiome in the 
pathophysiology of chronic rhinosinusitis (47) and 
bronchial hyperresponsiveness has been studied (48): 
dysbiosis can have an impact on the health of the mu-
cosa and on the severity of the disease and can affect 
the development of other disorders along the respira-
tory tract.

Conclusion

Several studies confirm the reciprocal interac-
tion between upper and lower airways, although many 
mechanisms still remain unknown. A better compre-
hension of sinus-nasal microbiome in healthy patients 
and in chronic rhinosinusitis and the link with bron-
chial hyperreactivity can help in developing new prog-
nostics, diagnostics, and therapeutics strategies. The 
use of probiotics, widely used in childhood, can restore 
the native sinus ecology with significant therapeutic 
and preventive implications. Also the study of Staph-
ylococcus Aureus superantigens can help find new 
treatment and prevention approaches both in chronic 
rhinitis and asthma. 

Moreover, in children, the nose-lung interaction 
is part of a broader scenario, called ‘atopic march’, 
where, classically, atopic dermatitis in followed by food 
allergy, asthma and AR. In fact, in childhood, AR and 

asthma often coexist, following different temporal and 
development trajectories. Investigating the role of risk 
factors (onset, severity, skin sensibilization, family his-
tory, genetics) could help recognize patients at risk and 
break the progression of the allergic march.
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