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Introduction

SuMMARY

The aim of this review article is to provide greater insight into the relationship between

allergic rhinitis and the three most frequently diagnosed conditions of exacerbating viral
infections, chronic rhinosinusitis with polyps and obstructive sleep apnoea syndrome.

The alleged physiopathological effects of steroids are also investigated within the scope of
this paper. Regarding the exacerbating viral infections, seems to establish a dynamic and
counter relationship between the load and nature of the viral infection on one hand and
widespread and pre-existing allergic inflammation on the other. If chronic rhinosinusitis
with polyps and allergic rhinitis present overlapping picture of inflammatory cell and cy-

tokine, the etyiological relationship between the two conditions appears to be influenced
by the type of antigenic stimulus. Allergic rhinitis can influence the presence of OSAS
through both obstructive and inflammatory mechanical factors. Topical corticosteroid
therapy is a promising candidate as a new therapeutic tool able to improve symptoms
and quality of life in patient with chronic rhinosinusitis with polyps and obstructive
sleep apnoea syndrome. Other study are necessary to elucidate relationship between corti-
costeroids therapy and hypothetical benefit effect on viral infection when concomitant
atopy in patient.

fied as co-morbidities in subjects with allergic rhinitis.
The aim of this paper is to provide greater insight into the

The ARIA guidelines were the first ever to recognise the
association of allergic rhinitis and its risk factors with the
onset and severity of bronchial asthma, involving the up-
per and lower airways as a single entity, though they pre-
sent distinct organ symptoms and are treated differently
(1). Similarly, other conditions (e.g. chronic rhinosinusitis
with and without nasal polyps, vocal cord dysfunction, se-
cretory otitis media and viral infections) have been identi-

relationship between allergic rhinitis and the three most
frequently diagnosed conditions of exacerbating viral in-
fections, chronic rhinosinusitis with polyps and obstruc-
tive sleep apnoea syndrome. The alleged physiopathologi-
cal effects of steroids are also investigated within the
scope of this paper.

It has long since been established that allergic reactions occur
in two separate phases, the first of which is triggered within a
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few minutes of exposure to allergen-induced histamine re-
lease with arachidonic acid metabolites (leukotrienes,
prostaglandins and thromboxanes) progressing into a late
stage reaction developing 6-12 hours once exposed to mast
cells, T-lymphocytes, basophils and eosinophils.

Activation of these cells produces Th2 cytokines which in
turn are responsible for activating endothelials and epithe-
lials, thereby inducing endothelial adhesion molecules like
ICAM-1 to be expressed along with vascular cell adhesion
molecules, such as VCAM-1. ICAM-1 is a surface glyco-
protein which normally directs leukocyte traffic and regu-
lates its accumulation into the inflamed site through the
cell-surface ligand of the lymphocyte function-associated
antigen (LFA)-1 and macrophage-1 antigen (MAC)-1.
Epithelial activation is associated with the production and
release of numerous immunoregulatory cytokines which in-
clude RANTES, macrophage proteins, inflammatory
(MIP)-1-, monocyte chemotactic proteins (MCP)-1, IL-8,
and eotaxin (2).

The inflammatory mechanisms described above are activated
and detectable in viral infection-mediated exacerbations of
the upper airways, in chronic rhinosinusitis with polyps and
in nocturnal apnoea syndrome, leading to the hypothesis of a
set of mechanisms common to allergic rhinitis and the afore-
mentioned conditions.

The corticosteroid molecules routinely used in the local
treatment of allergic rhinitis with good clinical outcomes (1)
include beclometasone propionate, flunisolide, budesonide,
triamcinolone acetomide, fluticasone propionate, mometa-
sone furoate and more recently fluticasone furoate. Topical
corticosteroids provide elevated selectivity for the glucocorti-
coid receptor and low oral bioavailability (3-5). The effec-
tiveness of fluticasone furoate appears interesting also on oc-
ular symptoms, widening the therapeutic spectrum of this
drug class to the naso-lacrimal duct (3,6-8).The mechanism
of action of corticosteroids involves changes in DNA mole-
cule which results in a down regulation of transcription, of
pro-inflammatory proteins, in an enhanced production of
anti-inflammatory proteins, which limits recruitment and
action of inflammatory cells, as well as in a reduced secretion
of pro-inflammatory mediators during the late phase allergic
response (2,9-11).

Allergic rhinitis and viral exacerbations
Airway viruses are powerful stimulants of chemokine and

cytokine production. These, rather than the cytopathic
impact of the virus itself, are the real culprits of the pro-

inflammatory effects of respiratory viral infections (12).

In one study on spontaneously virally infected airway mu-
cosa the majority of the documented cases were caused by
rhinoviruses followed by coronaviruses, flu B virus, and
respiratory syncytial virus (12) (Fig. 1).

For the most part, the data in the literature come from ex-
perimental nasal and/or bronchial inoculations. In wors-
ening asthma, rhinovirus was the most frequent causative
pathogen with hospitalisations correlating with the sea-
sonal peak of the infection (14).

More than 90% of rhinovirus serotypes (15,16) are uti-
lized the ICAM-1 adhesion molecule that trought cell re-
ceptors and ligands enable the virus to penetrate a host
cell and insert its DNA into the host’s genome eventually
leading to infection (17). Rhinovirus infection induces
ICAM-1 expression, thereby making epithelia susceptible
to further viral spread (18).

Rhinovirus infection typically causes common cold symp-
toms which include rhinorrhoea, nasal congestion, sneez-
ing, sore throat, coughing and headache.

Experimentally infected samples of bronchial epithelial
cells along with slight cellular damage reveal a pattern of
immunological responses, showing that rhinovirus acts by
causing clinical worsening through mechanisms not asso-
ciated with cell damage (19).

Studies based on genetic expression performed using in-
fected epithelial cells suggest that viral replication induces
cytokine and chemokine production which are required
for recruiting inflammatory cells for the antiviral re-
sponse: IL-1, IL-6, IL-8, GM-CSF, eotaxin and
RANTES (19-22). The secretion of these mediators can

Figure 1 - Adapted from Edwards MR et al. New treatment regi-

mes for virus-induced exacerbations of asthma. Pulmonary Phar-

macology & Therapeutics 2006; 19: 320-334 (13)
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contribute to virus-induced activation mechanisms and
inflammatory cell recruitment (Fig. 2).

This not only means that the epithelial cells are a target
for a potential virus reservoir, but also the site and source
of a preliminary inflammatory response.

The cellular response to rhinovirus which takes place in
this way is both innate and adaptive. T-cell recruitment
(adaptive response) can contribute to the clearance of the
virus through Th1 cytokine production, including IFN-y
e IL-12. Indeed, the production of RANTES and protein
inducing IFN-y (IP-10) promotes chemotaxis of Th1
cells (23). IFN-y plays a crucial role in the protection of
the host by promoting inflammation which acts as a
chemotactic factor towards eosinophils (24) and perhaps
by increasing basophil and mast cell histamine release
(25).

Besides the production of specific IgA, IgM, IgG, in ex-
perimental models, the B Iymphocyte response to viral in-
oculation induces a rapid increase in total IgE sera in sub-
jects with allergic rhinitis with no evident increase in spe-
cific IgE (26).

Apart from histamine release (27), leukotriene C, is an-
other mediator whose levels are elevated in nasal lavage
mucus and debris during rhinovirus infection (28).

The influence which atopic status and specific sensitisa-
tions have on the airway responses to viral infections is
still under investigation.

There are important differences in the immunological
mechanisms which are activated in atopic and non-atopic
individuals. Atopic individuals show elevated histamine
release and reduced levels of IL-10 during the acute

Figure 2 - Adapted from Edwards MR et al. New treatment regi-

mes for virus-induced exacerbations of asthma. Pulmonary Phar-

macology & Therapeutics 2006; 19: 320-334 (13)
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phase, and higher inflammatory cytokine levels of IL-1p,
IL-6, RANTES and ICAM-1 along with the prolonged
eosinophilis of the airways during the convalescence
phase (12). The reduced concentration of IL-10, a power-
ful anti-inflammatory cytokine which inhibits the synthe-
sis of both Th1l and Th2 would enhance a Th2 anti-in-
flammatory response (29).

According to the premise that the mechanisms which are
the basis for the link between viral infection and atopy for
rhinitis and allergic asthma are similar (30), it is clear that
a typical Th1 anti-viral immune response in atopic indi-
viduals can be inhibited by a pre-existing Th2 (31) envi-
ronment, thereby favouring the persistence of viral in-
flammation. Indeed, compelling clinical evidence demon-
strates the inverse relationship between IFN-y production
and synthesis of Th2 cytokines like IL-4 and IL-5
(30,32).

Additionally, an IgE increase towards airborne allergens has
been considered to be a marker of a greater risk factor for
the worsening of both the upper and lower airways during
an inflammatory response to viral infections (33). On this
point, the analysis of experimentally induced rhinovirus in-
fection in adults with mild asthma reveals that a subset of
patients whose total IgE is greater than 300 UI/mL present
a significant increase in symptoms involving the upper and
lower airways compared to healthy controls (33).

One possible explanation of this evidence could lie in the
demonstration that IL-13 and other Th2-like cytokines
are able to increase ICAM-1 expression on iz wifro rhi-
novirus-infected epithelial cell lines (EC line) (34) and
that in epithelial cells harvested from nasal brushing in
atopic individuals ICAM-1 expression is higher than in
healthy subjects; this increase can be ascribed to the expo-
sure to an allergen of an atopic subjects (35).

On one side exposure to an allergen in sensitised subjects
can favour viral infections thereby increasing ICAM-1 ex-
pression, while as regards the adaptive immune response,
the clinical outcome to the respiratory viral infection in al-
lergic subjects depends on how the individual immune re-
sponse balances the load and type of virus as well as the
severity of the pre-existing atopic inflammation. (30)
(Tab.1).

Some in vitro studies have shown that glucocorticos-
teroids can block virus-induced pro-inflammatory mecha-
nisms in the airways at an epithelial level by means of
corticosteroid-induced down-regulation of ICAM-1 ex-
pression by epithelial cells. Indeed, treatment with corti-
costeroids can inhibit the up-regulation of rhinovirus-in-

duced ICAM-1 (37-40).
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Other data show that glucocorticoids can reduce basic
ICAM-1 expression and its subsequent induction on ex-
posure to allergens (40).

Similarly, corticosteroids inhaled iz wivo are able to re-
duce ICAM-1 expression in bronchoalveolar lavage cells
in mild asthmatics (41-44).

Hence, corticosteroids limit the inflammatory action of
rhinovirus, not only by inhibiting ICAM-1, but also by
reducing cytokine production (Fig.3).

Corticosteroids indeed interfere with the inflammatory
process by binding to specific cytoplasmic receptors
which: 1) interfere directly with the nuclear -kB factor
(NF-kB) and preventing this molecule from attaching it-
self to DNA and subsequently leading to the release of
pro-inflammatory molecules and 2) repress the transcrip-
tion gene of pro-inflammatory molecules through gluco-
corticoid-responsive elements, or induce the activation of
anti-inflammatory molecules.

For example, pre-treatment with corticosteroids reduces
rhinovirus-induced IL-6 production by bronchial epithe-
lials (46), through suppression of the IL-6 gene promoter
sequence or reduces IL-8 production through a trans-re-
pression mechanism, inhibiting activator protein-1 (AP-1)
and nuclear-kB factor (NF-kB) translocation inside the
nucleus, which is required for IL-8 production (41-44).
Interestingly, however, in virus-induced exacerbations of
asthma inhaled corticosteroid therapy produces a poorer
clinical response, suggesting that mechanisms of steroid
resistance develop during worsening,. This circumstance

Table 1 - Cellular mechanism of susceptibility to the effects of
rhinovirus infection (RV') in asthmatics

Control Asthmatics
RV ligand:
ICAM-1 expression Low High
Epithelium integrity Intact Altered
Post-RV ligand
IFN-f response Early, Deficit
Cellular lysis VS apoptosis good Apoptosis damaged

Increase in cellular lysis

Release of inflammatory Present Increased (?)
mediators
Immune response
Neutrophil recriutment Present Increased
Thl response Poor Lacking (IFN-y)

(IFN-y)

could be related to the increase in nuclear activation fac-
tors like the virus-induced activator protein-1 (AP-1) and
nuclear-kB factor (NF-kB) (51).

Papi et al. (45) demonstrated that high corticosteroid con-
centrations do not affect rhinovirus replication or the ability
to infect cell lines, which supports the hypothesis that corti-
costeroids negatively influence rhinovirus replication.
Likewise, Farr et al (52) investigated the role of pred-
nisone (30 mg twice daily) or intranasal beclometasone
(168 mg twice daily) administered 3-4 days prior to the
rhinovirus challenge which was repeated on 5 successive
days. Treatment successfully reduced congestion, rhinor-
rheoa and kinin production for up to 48 hours after virus
inoculation, though any improvement ceased after stop-
ping steroid therapy, suggesting the drug’s lack of carry-
over effect. The limited amount of experimental data on
viral infections of the upper airways and on the clinical
effectiveness of topical steroids available to date does not t
provide a definitively clear picture of the associated risks
and of the efficacy of the treatment (18,53,54).

Allergic rhinitis and chronic rhinosinusitis with polyps

In the general population, the prevalence of chronic rhinos-
inusitis is 15.5% (55), while that of nasal poliposys ranges

Figure 3 - Adapted from Papi A., Nikolaos G. Papadopoulos, De-
gitz K, Holgate S.T., Johnston S. L. Corticosteroids inhibit rhino-
virus -induced intercellular adhesion molecule- 1 up-regulation

and promoter activation on respiratory epithelial cells. ] Allergy
Clin Immunol 2000;105:318-26 (45)
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between 1-4%, with a probable multi-factor inflammatory
mechanisms which is still being studied (56-62).

Chronic rhinosinusitis with nasal polyps currently pre-
sents as a chronic inflammatory disease of the paranasal
sinuses, associated with Th2 inflammation, increased
numbers of eosinophils (63), presence of mast cells in
polyps which are often degranulated (64,65), and local
production of polyclonal IgE which often does not corre-
late with the patient’s allergic status (66).

Unlike chronic rhinosinusitus without nasal polyps which in
immunological terms presents with a prevalent Th1 profile
with elevated levels of interferon-y (IFN-y) and transform-
ing growth factor-p (TGF-f), nasal polyps are characterised
by eosinophil inflammation (55) with elevated concentra-
tions of eosinophil cationic protein (ECP), with eotaxin cel-
lular activation markers and IL-5 cooperating in eosinophil
recruitment and activation. The activated eosinophils infil-
trate the nasal polyps producing toxic mediators as well as a
variety of chemokines, cytokines and growth factors whose
action probably reduces apoptosis and favours increased tis-
sue infiltration through an autocrine mechanism.

It is widely accepted that eosinophils are one of the mark-
ers of allergic inflammation.

In patients with nasal polyps and concomitant allergic
rhinitis, eosinophils seem mainly attracted by the release
of IL-5. In contrast, in the absence of allergy, recruitment
appears to correlate with GM-CSF release (67). Never-
theless, the eventual eosinophil influx seems to be identi-
cal for both atopic and non-atopic subjects.

Factors associated with chronic rhinosinusitis with polyps
are aspirin intolerance (68-73) where 36-96% of sufferers
have polyposis, asthma (26-42% of asthmatic with nasal
polypolsis) (59), genetically pre-disposed to chronic rhi-
nosinusitis with nasal polyps and environmental factors,
especially cigarette smoke (74-77).

When an allergy clinic medical records of almost 5,000
patients were re-examined, the prevalence of nasal poly-
posis was 4.2% (78), highest among asthmatics (6,7%).

The aetiology of polyposis has been ascribed to to allergy,
but this has never been definitely established (79). Between
0.5% and 4.5% of subjects with allergic rhinitis present
with nasal polyposis (78,79), a prevalenche that matches
that of general population (80). In children, the prevalence
of chronic rhinosinusitis with polyps shows a wide variabil-
ity ranging between 0.1% (78) and 25.6%. (81) of cases.

On the other hand the prevalence of allergic sensitisation

in patients with nasal polyposis varies between 10% and
64% (79-84).

If subjects with nasal polyposis and controls with chronic
rhinosinusitis are compared for allergic sensitisation a ma-
jor prevalence of sensitisation to perennial allergens
emerges in the former and seasonal allergens in the latter
(85).

Though nasal polyposis is classified as showing two dif-
ferent histopathological subtypes, showing a predomi-
nance eosinophils and neutrophils, respectively, atopic sta-
tus did not significantly differ between the 2 subsets, be-
ing 62.7% and 81.8% respectively (86).

In contrast with studies reporting that atopy is more fre-
quent in patients with nasal polyposis other studies have
not been able to confirm this finding (87-89). In a recent
paper, Bachert et al. (56) demonstrated that the presence of
atopy, based on allergy testing with airborne allergens, does
not correlate with total IgE or IgE antibodies present in
nasal polyp tissue and that atopy has no impact on IL-5,
1L-4, eotaxin, LT'C4/D4/E4, ECP levels nor on the num-
ber of eosinophils in nasal polyp tissue. Moreover, Wagen-
mann et al. (90) demonstrated that Th1 and Th2 cytokines
increased esinophils in nasal polyps irrespective of allergic
test results. This finding was confirmed by the observation
that IL-5 concentration in nasal polyps, which is signifi-
cantly higher than in controls, correlates independently
with atopic status (55). By contrast, Hamilos et al (91)
identified different cytokine content in polyp tissues sam-
ples collected from allergic and non-allergic subjects.
Although the relationship between allergy and nasal
polyps is not clear, from clinical point of wiev the symp-
ton score does not have increase effect.

Indeed, it has been demonstrated in atopic subjects with
nasal polyposis that allergen exposure does not correlate
with sectioned polyps, clinical scores and the frequency of
worsenings (92,93).

The histological findings of a chronic inflammatory infil-
trate made up of lymphocytes, plasma cells, eosinophils
and respective cytokines suggest a chronic inflammatory
type mechanism. Research is underway to isolate the
agents responsible for inducing and/or favouring persis-
tent inflammation of paranasal sinuses.

Several micro organisms have been investigated to deter-
mine their causal role in chronic rhinosinusitis with
polyps. Ponikau et al (94) reported that fungi were pre-
sent in 96% of 210 patients evaluated for rhinosinusitis.
Braun et al. (95) found a comparably high incidence of
fungal colonisation in chronic rhinosinusitis sufferers
(91%), but together with Ragab et al. they demonstrated
that the colonisation occurs frequently in healthy controls

(91-100%) (96).
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Other pathogens frequently seen in mucus from patients
with nasal polyposis are bacteria, especially Staphylococ-
cus aureus (66,97,98).

Van Zele et al. documented that Staphylococcus aureus
colonises the centre of middle meatus prevalently in pa-
tients with nasal polyposis (64%) compared to those with
chronic rhinosinusitis (27%) and healthy controls (33%)
(97). Colonisation by Staphylococcus aureus is paralleled
by IgE specific for Staphylococcus aureus-derived entero-
toxin. The tissue concentration of specific IgE towards
Staphylococcical enterotoxinin the nasal polyposis is asso-
ciated with asthma and aspirin intollerance. Similarly, ele-
vated levels of eosinophils infiltrating nasal polyps and
IgE production were detected in this group of patients.
This IgE production appears to be polyclonal, indicating
that the S.aureus-derived enterotoxin can behave as a su-
perantigen and activate large subpopulations of T-lym-
phocytes (56). Besides the enterotoxin, these bacteria ex-
press a number of surface proteins like Protein A (SpA)
which have the potential to interfere with host defence
mechanisms (99,100).

A recent study revealed (101) different temporal and im-
munological stimulations by various S.aureus-derived
products: while staphylococcal enterotoxin is activated
through the release of several immunoregolatory and pro-
inflammatory cytokines in the late stage (after approxi-
mately 24 hr) favouring a Th2 type pattern, Protein A
(SpA) induces the release of mast cell mediators, namely
histamines, the leukotrienes LTC4/D4/E4 and
prostaglandin PGD2 after only 30 minutes. These data
highlight the influence of S.aureus-derived products on
nasal polyposis inflammation inducing mast cell degranu-
lation and T-cell activation.

Another extremely interesting chapter in understanding
the natural history of chronic allergic rhinitis and rhinosi-
nusitis with and without nasal polyposis is the remodel-
ling in the upper airways (102).

Similarly to bronchial asthma, chronic rhinosinusitis with
polyps shows epithelial damage, basement membrane
thickening and oedema, at times, with extensive fibrotic
tissue (103). A recent study evaluated the presence of
MMP-7, MMP-8, MMP-9 and tissue inhibitor of met-
alloproteinases (TIMP) in chronic rhinosinusitis with
polyps, suggesting the role of an imbalance between met-
alloproteinases and their natural inhibitors (104,105).

By stereologically testing the vascular surface and the
density of nasal tissue volume in rhinitic and non-rhinitic
subjects, some authors have demonstrated a lack of vascu-
lar remodelling in the mucous membrane of allergic sub-

jects (106, 107), whereas others hypothesise increased an-
giogenesis at a nasal level (108,109).

All authors agree, however, that limited damage to nasal
allergic rhinitis mucosa is indicative of extensive remodel-
ling of bronchial mucosa in asthmatics (104).

In the extensive review of the literature on the treatment
of nasal polyposis, the European Position Paper on Rhi-
nosinusitis and Nasal Polyposis (55) stresses the impor-
tance of disease management recommending steroid ther-
apy as the mainstay of treatment for this condition. Sub-
stantial evidence exists supporting the efficacy of topical
corticosteroids in reducing the size of nasal polyps
(110,111). However, certain patients are either poor re-
sponders to steroid therapy or develop resilience to it.
Consistent with studies of the lower airways which
demonstrate that glucocorticoid-insensitive asthma is as-
sociated with a significantly elevated level of GRB*inflam-
matory cells (112-114), the same mechanism has been hy-
pothesised for nasal polyps as well. Hamilos et al. under-
line an association between GRf expression and gluco-
corticoid insensitivity in nasal polyposis and in particular
in patients with aspirin intolerance. Specifically, the au-
thors report an inverse correlation between GRf basal ex-
pression and post-corticosteroid therapy reduction of
eosinophils, T-lymphocytes and the expression of
VCAM-1 and mRNA cells positive to IL-4 (115). How-
ever, other authors having failed to determine the role of
GRao and GRp as markers of corticosteroid-insensitivity
in nasal polyposis cannot confirm this finding (112), ulti-
mately leading to the conclusion that neither the GRa re-
ceptor, nor GRp are responsible for glucocorticoid sensi-
tivity in nasal polyposis.

Based on the data above, further studies will be necessary
to clarify the various degrees of sensitivity to topical
steroids and for a better comprehension the therapeutic
effect should be valuated differentiating allergy sufferers
with eosinophil polyposis and allergy sufferers without
eosinophil polyposis (92,93,116).

Allergic rhinitis and obstructive sleep apnoea syndrome

Obstructive sleep apnoea syndrome (OSAS) is a clinical
condition characterised by recurrent nocturnal episodes of
apnoea ed hypopnoea, experienced by 4-10% of men and
2-4% of women (117,118).

The physiopathological mechanisms underlying OSAS
are complex and have yet to be fully understood (119).
There are two types of relationships that can occur be-
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tween allergic rhinitis and OSAS: purely mechanical or
inflammatory, both local and systemic.

Interaction between nasal and oral resistance could be im-
plicated in the physiopathology of this disorder. Indeed, the
upper airways are described as a Starling resistor which re-
sembles an empty tube partially occluded at the start of the
nose area and partly collapsed at the section below it corre-
sponding to the oropharynx (120). The clinical significance
of the properties of the resistor imply that changes in pres-
sure and intraluminal resistance and/or the collapsibility of
the airways influence patency, so that high inspiratory pres-
sure will reduce airflow (121,122).

Among the factors that influence maximal airflow in the
collapsible section of the airways (122) besides increased
intranasal pressure, which occurs during therapy (CPAP,
BiPAP), or greater collapsibilty due to an anatomical pre-
disposition of the intermediate region of the resistor
(oropharynx), a possible third factor is upper airway resis-
tance, particularly in the nose (123).

In the presence of nasal obstruction, the ability of the sec-
tion below to collapse increases (119) in that a Bernoulli-
type effect occurs due to increased negative pressure at
the oropharyngeal level during inspiration (124).

The Starling resistor theory therefore hypothesises that
nasal obstruction plays an important role in the phys-
iopathology of OSAS (119), though the success rate of
corrective nasal surgery is poor, only rarely substantially
reducing the frequency of apnoea/hypopnoea attacks
(125).

On this point, data is largely controversial regarding nasal
obstruction as a risk factor for OSAS. On the one hand
studies done using objective parameters of nasal resistance
in snorers have been unable to produce a correlation be-
tween increased resistance to airflow in the nasal fossa
and OSAS (126-128), while on the other, a subsequent
study performed on a large snorer population who under-
went posterior rhinomanometry successfully found that
nocturnal nasal obstruction is an independent risk factor
for OSAS (124).

The authors who used multiple regression analysis
demonstrated that nasal obstruction contributes to the
development of OSAS in 2.3% of cases, while other not-
ed risk factors such as the distance between the hyoid
bone and mandibular plane, BMI, male sex and age con-
tribute 6.2 %, 4.6%, 3% and 1.3% respectively to the vari-
ation (124).

In addition, a stronger correlation was found between an
increase in nasal resistance when supine and OSAS
(129,130). Indeed, nasal congestion increases in the

supine body position and worsens during sleep, especially
in the case of allergic rhinitis when inflammatory media-
tors peak in the early hours of the morning which com-
bine with a reduced sympathetic nocturnal tone inducing
a corresponding increase in parasympathetic tone which is
associated with nasal congestion (131).

Several studies have investigated the relationship between
nasal obstruction in allergic subjects and respiratory
changes during sleep. In their cohort study of 911 subjects
who were given a polysomnograph Young et al. (128) re-
ported substantial respiratory changes during sleep in sub-
jects with symptomatic allergic rhinitis compared to those
without nasal symptoms. However, the same authors found
no linear correlation between reduced upper airways air-
flow and the severity of breathing changes during sleep.

As allergic rhinitis produces various types of nasal ob-
struction it has been the subject of study: micro-awaken-
ing associated with breathing disorders in sleep are far
more frequent in subjects with seasonal allergic rhinitis
than in healthy controls (132,133).

One case control study by Canova et al (134) aimed to
evaluate whether atopy to perennial allergens and subse-
quent allergic rhinitis were risk factors for OSAS. The au-
thors concluded that the prevalence of allergic rhinitis was
higher in OSAS subjects than in COPD controls. There-
fore the author hypothesized that allergic rhinitis to
perennial allergens is a risk factor for OSAS and that
treatment of this comorbidity is important in reducing
OSAS morbility (134). This is the first study to identify
the link between OSAS and perennial allergic rhinitis
(134). To support this paper’s case we cite the study by
McNicholas et al. (132) which documents that seasonal
allergic rhinitis patients have a higher apnoea/hypopnoea
index (AHI) and more protracted seizures of sleep apnoea
in the pollen season. More recently, the same author (135)
evaluated the efficacy of intranasal steroid therapy in sub-
jects with OSAS and allergic rhinitis by applying the pa-
rameters of nocturnal apnoea severity, sleep quality, snor-
ing and daytime symptoms. The OSAS was found to im-
prove, as indicated by a fall in the apnoea/hypopnoea in-
dex, with no snoring improvement, leading to the author’s
conclusion that steroid therapy could benefit selected
groups of patients with OSAS.

Subsequent studies reported significant associations be-
tween breathing disorders during sleep and nasal obstruc-
tion of diverse origins (134,136,137).

As for inflammatory factors in OSAS, it has recently been
reported that the presence of systemic inflammation is as-
sociated with daytime sleepiness and an increased risk for
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cardiovascular complications or metabolic syndrome in
these patients (138).

The underlying inflammation of OSAS has been attrib-
uted to a mechanical change in airways tissue induced by
repeated trauma from snoring and the hypoxia-normoxia
cycle of the disorder (138).

Systemic inflammation in OSAS is characterised by an
increase in TNF-a, IL-6, PCR, IL-1, and the ICAM-1
adhesion molecule plasma values (139, 140). Intermittent
hypoxemia can also stimulate transition factors like nu-
clear factor-kB and increase cytokine production (141).

A comparison of nasal lavage in OSAS and normal sub-
jects yields a higher number of neutrophils and, concen-
trations of bradykinins and VIP in the former (142).

The evaluation of inflammation through analysis of in-
duced sputum confirms the high percentage of neu-
trophils and reduced number of macrophages in OSAS
sufferers, while other cell populations do not appear to
present any differences from those of healthy controls
(143). IL-6 and 8-isopentane values measured in exhaled
breath condensate were elevated in OSAS patients com-
pared to those of obese and control subjects (144).

These data demonstrate that similarly to systemic inflam-
mation in OSAS patients, the airways are also charac-
terised by local inflammation and oxidative stress (138).
As previously mentioned, through the hypothetical resis-
tor model the mechanics of the upper airways determines
the significant role of nasal obstruction (119). A recent
editorial by (119) McNicholas et al. makes the assump-
tion that variable nasal obstruction plays a more impor-
tant role in the physiopathology of OSAS than anatomi-
cal obstruction in the nasal cavities. This is a partially bi-
ased point of view which bases itself on the hypothesis
that in subjects with fixed nasal obstruction an oral respi-
ration adaptive response develops which limits the impact
of the pathogenesis of nasal obstruction OSAS. The re-
sponse does not seen to occur in intermittent nasal ob-
struction, whose relationship is more closely linked with
automatic nasal respiration.

In children, the prevalence of OSAS is 2-3% (145) of
which the highest incidence is between 2-8 year olds.
Though anatomical and neuromuscular abnormalities can
contribute to the development of OSAS its severity is es-
pecially related to adenoid and palatine tonsil size (146,
147) to such an extent that the choice treatment is an
adenotonsillectomy (148).

Adenotonsillar hypertrophy is frequent in children with
allergic rhinitis (149,150). A study of 28 children with

seasonal allergic rhinitis revealed a significant increase in

adenoid size in 71% of cases with an associated decrease
of the nasopharyngeal cavity in 93% of subjects during
the pollen season (151). These changes subside in 90% of
the subjects after the pollen season ends.

As a result, in children, snoring and OSAS are associated
with adenotonsillar hypertrophy and chronic rhinitis, and
allergic rhinitis increases the risk for OSAS especially in
children with habitual snoring (152).

The combination of steroid therapy and adenoidectomy is
a key competitor in the treatment of paediatric popula-
tions (153). However, in the management of OSAS the
benefits of oral corticosteroid therapy do not appear to be
diminished when compared to the outcome of an ade-
noidectomy (153), practised by general consensus in the
last decade to reduce the size of upper airways lymphoid
tissue (154-158).

More recent studies (159) have demonstrated that the up-
per airways lymphoid tissue in children with OSAS pre-
sents a large number of glucocorticoid receptors a, and
hypothesise that the better topical steroid therapy re-
sponse is linked to this circumstance.

In one study (145) of 62 children polysomnographically
diagnosed with mild OSAS, the administration of in-
tranasal corticosteroids seemed to reduce the severity of
OSAS and the size of the underlying adenoid hypertro-
phy, which lasted eight weeks after discontinuing therapy.
Moreover, in a previous study, after six weeks of topical
fluticasone treatment, the steriod improved the
apnoea’hypopnoea index (AHI) in children with OSAS
(155), which was confirmed by a fall in the number of
episodes of haemoglobin desaturation, activation of the
respiratory muscles and night time awakenings.

Conclusions

Though allergic rhinitis, viral exacerbations, chronic
rhinitis with polyps and OSAS have many inflammatory
mechanisms in common, further studies will be necessary
to investigate the most controversial hypotheses.

Viral exacerbations in particular belong to this category,
where a dynamic relationship and counter relationship
seem to develop between the load and nature of the viral
infection on one hand and widespread and pre-existing
allergic inflammation on the other. That being so dy-
namism related therapy, Any data remains necessarily un-
defined regarding the effects of steroid therapy, when
there is a concomitant viral inflammatory response of the
airway mucus.
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Once again, if chronic rhinosinusitis with polyps and aller-
gic rhinitis present an inflammatory cell and cytokine in
pictures which match, the etyiological relationship between
the two conditions appears to be influenced by the type of
antigenic stimulus, which is more powerful in the case of
the Staphylococcus aureus super antigens and mycophytes
but less for dust mites, pollens and animal dander.

No one questions the efficacy of topical nasal steroids for
the treatment of allergic rhinitis especially when obstruc-
tive and of eosinophilic chronic rhinitis with polyps.

Data from the literature seem to indicate that nasal ob-
struction is probably a smaller risk factor for OSAS that
other already detected risk factors, and that allergic rhini-
tis can influence the presence of OSAS through both ob-
structive and inflammatory mechanical factors. It seems
probable that OSAS itself can contribute to the severity
of allergic rhinitis. Topical corticosteroid therapy, even in
paediatric age is a promising candidate as a new therapeu-
tic tool able to improve symptoms and quality of life in
patients with obstructive allergic rhinitis and OSAS
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