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Abstract
Purpose of Review To evaluate the impact of allergic rhinitis (AR) on the development of asthma and to update readers on recent
literature suggesting that early treatment of allergic subjects with immunotherapy may prevent asthma onset.
Recent Findings AR is frequently associated with asthma, leading to the concept that these two conditions are different aspects of
the same disease. There is increasing evidence that AR precedes the onset of asthmatic symptoms and current treatment strategies
are beneficial in symptom control with no impact prevention. There is limited knowledge about the risk factors responsible for the
progression of AR to asthma, though recent data supports the notion that it is possible to prevent asthma onset by allergen
immunotherapy.
Summary Despite significant advances in specific immunotherapy (SIT) therapy strengthening its efficacy in AR and possible
prevention of progression to asthma, the adoption of this therapeutic strategy is still restricted in comparison to therapies directed
towards treatment of AR symptoms. Unlike corticosteroids and other symptomatic therapies, the benefit of SIT treatment in
allergic individuals has been shown to prevent the development of allergic conditions. Hence, large well-conducted randomized
clinical trials with long-term efficacy of SITare required to confirm or refute the concept that SITmay abrogate the progression of
AR to asthma in patients.
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Introduction

The prevalence of allergic rhinitis (AR) is increasing, affecting
10–40% of the global population. AR negatively impacts
quality of life, school, and work performance and increases
primary care frequency visits [1]. Cardinal symptoms of AR

include nasal pruritus, sneezing, rhinorrhea, and nasal conges-
tion, though may also be associated with ocular symptoms,
itching of the palate, postnasal drip, and cough [1]. AR is
frequently associated with asthma: found in 15–38% of the
patients. Conversely nasal symptoms are present in 6–85%
patients with asthma [1]. Hence, AR is considered a major
r i sk fac to r fo r as thma onse t , and uncon t ro l l ed
moderate-to-severe AR can significantly affect asthma
control.

It is known that allergic airway disease affects the mucosal
lining and can span from the nose to lungs with a range of
symptoms based on the location and its severity [2, 3, 4••, 5,
6]. The upper and lower respiratory tracts share the same an-
atomical, functional, pathogenic, clinical, and immunological
features; with the latter including the same lymphoid network,
thus reacting to airborne allergens by activating similar effec-
tor cells. These associations have been extensively studied and
hence proposed that allergic airway disease represents a dis-
ease continuum occurring simultaneously [4••, 5]. Several
prospective severe asthma studies have shown that subjects
with an upper airway involvement reported more emergency
room visits and an increased severity of respiratory symptoms
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[7, 8]. It seems that the effect of AR on asthma may be further
enhanced by the coexistence of allergic eye symptoms
(rhinoconjunctivitis) [9]. Therefore, the terms united airway
disease, allergic rhinobronchitis, allergic respiratory disease
(ARD), and/or combined allergic rhinitis and asthma syn-
drome (CARAS) have been advocated by various researchers
[1, 4••, 5, 10, 11]. From these studies is an emerging evidence
proposing that clinical manifestations are heterogeneous, with
a clinical profile often related to the individual airborne aller-
gens [10].

Additional data confirming the combined allergic airway
paradigm is derived from observation during nasal allergen
ch a l l e ng e s i nduc i ng b r on ch i a l i n f l amma t i on /
hyperresponsiveness (BHR) [12, 13] and conversely during
segmental bronchial provocation the induction of nasal in-
flammation in AR subjects without asthma [14]. In a study
of non-asthmatic AR subjects, it was noted that > 8% of the
605 subjects enrolled had an attenuated FEV1 and impaired
small airway assessment. Moreover two thirds of the cohort
had a positive bronchodilator reversibility [15]. In a recent
prospective study, Di Cara and colleagues demonstrated that
children with moderate-to-severe persistent AR developed
new onset asthma at 5 years follow-up; and the development
of asthma was noted in a third of the mild AR children, hence
reinforcing the notion that the persistence of AR may be
linked with progression of AR to asthma. This may be ex-
plained by the presence of persistent nasal inflammation
which may be associated with the involvement of the lower
airways with mucosal infiltration and lung function impair-
ment [16]. Thus, the evidence suggests a strong relationship
between allergic nasal disease and asthma with a prevalence
that may be as high as 80% [17, 18].

In a study by Cirillo and colleagues [19•] in 200 AR sub-
jects, fractional exhaled nitric oxide (FeNO) was noted to be
increased in AR subjects with BHR, probably reflecting the
extension of inflammation throughout the airways. This might
reveal changes in the physical properties of bronchial mucosa
that may be induced by the subclinical lower airway inflam-
mation in AR.

There is a notion that the airways right from the nose to the
lower respiratory tract are in continuum, and hence, atopic/
allergic conditions may manifest as a result, especially in
childhood (“The Allergic March”). Several studies suggest
that AR (and/or atopic dermatitis) may predict progression
to asthma both in children and in adults [1, 5, 6, 9, 17, 18,
20–22].

The Continuum of Rhinitis to Asthma on an Allergy
Background

The prevalence of AR is increasing globally and frequently
overlaps with asthma [23–27]. There is evidence in the litera-
ture that AR shares most of its mechanisms with asthma [28,

29]. In a recent study, a computational analysis of the molec-
ular mechanisms underlyingmulti-morbidity between asthma,
eczema, and rhinitis identified a number of proteins and cel-
lular processes that were common to these atopic conditions
[30•]. It was observed that asthma and rhinitis shared a large
number of associated proteins that exhibited a significant de-
gree of interconnection through the interaction network.
Moreover, they found 15 pathways involved in the
multi-morbidity of asthma, eczema, and rhinitis, including
the IL4 signaling- and GATA3-related pathways. In particular,
the authors observed 196 proteins associated with asthma and
40 with rhinitis (of which only 163 and 32 are associated to
functional interaction networks in asthma and AR, respective-
ly). The number of proteins associated with both asthma and
rhinitis was 35. Among these proteins, there were a number of
members of HLA-DRB and HLA-DQ families, which have
roles in T cell activation and in the development of an IgE
response. More than 90% of the functional connections be-
longing to rhinitis associated proteins were shared with asth-
ma, and the topological overlap between proteins common to
a combination of asthma and rhinitis was significantly larger
than random expectation (z-test, P < 0.01). Moreover, the au-
thors identified individual pathways that may be linked to the
multi-morbidity between asthma, eczema, and rhinitis.
Assuming that the cellular pathways were significantly
perturbed by two or three of the diseases were more likely
candidate mechanisms for multi-morbidity, three pathways
showed a significant overlap score between asthma and AR:
IL 4 signaling pathway, GATA3 participates in activating the
Th2 cytokine genes expression, and the 4-IBB-dependent im-
mune response [30•, 31]. The cellular pathways observed to
be involved in both the airway diseases can potentially explain
the subclinical background inflammation in the lower airways
of a number of AR subjects [32], which could represent a
prominent risk factor for progression from AR to asthma [6,
33]. These findings may represent the molecular basis of the
overlap phenomenon that has been observed in clinical stud-
ies, about the nasal provocation challenges resulting in signif-
icant BHR despite the absence of asthma symptoms, in par-
ticular phenotype clusters of AR patients [20, 30•, 33].

Recent studies have aimed to define clusters of rhinitis in
order to differentiate subphenotypes of AR patients. In a pro-
spective cohort study of a general population of school-aged
children followed up at 2 and 4 years, the researchers investi-
gated the development of new cases of BHR and asthma
symptoms [20]. Four distinct rhinitis clusters were identified
by latent class analysis that used demographic, clinical, and
environmental variables. Two of these clusters were charac-
terized by high prevalence of atopy with differences in lung
function (normal vs. impaired lung function). The other 2
clusters had low or very low prevalence of atopy with normal
vs. impaired lung function. The highly atopic cluster with
impaired lung function had a significantly higher prevalence
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of BHR at the time of enrollment and was associated with an
increased prevalence of newly developed BHR and asthma
symptoms during follow-up at 2 and 4 years, thus indicating
that this cluster may represent an allergic march-associated
rhinitis phenotype. The underlying pathophysiological mech-
anism of both AR and BHR involves bidirectional interactions
between the nose and the bronchi [6, 20, 34, 35]. In a prior
study by Burgess and colleagues, it was reported that the pres-
ence of childhood eczema increased the risk of new-onset
asthma (OR 4.1), and rhinitis alone predicted the persistence
of childhood asthma to topic asthma (OR 2.7) [35]. Similarly,
in a 10-year retrospective assessment of 300 Italian subjects, a
diagnosis of AR was significantly and independently predic-
tive of developing asthma (OR 7.80) [36]. Of note, there were
no differences in the use of topical corticosteroids in the AR
subjects developing asthma symptoms compared to those who
did not.

Importantly, data from epidemiological studies need to be
interpreted with caution as they may have limitations of inter-
pretation bias; this is due to the fact that these epidemiological
studies are based on written questionnaires for the diagnoses
of AR and asthma. Additionally, some of the treatments for
the management of AR may mask the developing symptoms
of asthma reducing the accuracy of the diagnosis. Prospective
epidemiological studies have substantiated the progression of
rhinitis to asthma [37–39]. A prospective, open-labeled,
multi-center European study of 205 children with grass- and/
or birch-induced rhinoconjunctivitis randomized to specific
immunotherapy (SIT) or not reported that compared to chil-
dren receiving SIT, those not on SIT had an OR of 2.68 more
symptoms consistent with asthma [37]. Similar observations
were noted 2 years later in the same cohort assessed [40].

Predictors for the Progression from Rhinitis to Asthma

Repeated exposure to inhaled antigens with potent allergenic
properties may predispose the advancement of the AR to-
wards asthma [41]. House dust mite (HDM) has been impli-
cated in the development of asthma [42–44]: probably due to
its great diffusion in the environment and its high allergy
prevalence [45]. Moreover HDM allergens are able to activate
TH2 cells that stimulate the production of specific IgE as well
as the recruitment of inflammatory cells leading to structural
changes in the lung and nose over time [46]. In a retrospective
Italian study, surprisingly HDM sensitization was not mark-
edly predictive of the onset of asthma (OR 1.33), though sen-
sitization to Parietaria judaica was (OR 4.26) [36]. These
discrepancies may reflect the inhaled allergen characteristics
determined by geographic location where the studies were
conducted. Interestingly, the duration of rhinitis did not pre-
dict the development of asthma. Female gender and the pres-
ence of BHR in rhinitis patients have been observed as risk
factors for the onset of asthma [47, 48]. The former may be

attributed to hormonal modifications [47]. Except for one ret-
rospective study, the increased predisposition for the develop-
ment of asthma in female patients with AR (OR 2.83) [36] has
not been studied as a relevant factor.

Cigarette smoke exposure is another important factor in the
development of asthma, with a strong association of asthma
and wheezing in childhood with maternal and household
smoking [49–52]. In a study by Polosa and colleagues, in
non-asthmatic subjects with AR, smokers had an enhanced
odds (OR 2.98) of developing asthma compared to
non-smokers [53]. Additionally, the risk of asthma onset was
more marked in individuals with more smoking exposure as
assessed by pack years of smoking.

It is known that inflammatory changes may be present in
the lower airways of non-asthmatic AR patients [23–25],
which may ultimately result in the progression to asthma.
Persistent exposure to inhaled allergens in addition to cigarette
smoke may have a synergistic effect in the inflammatory pro-
cesses. Cigarette smoke is composed of a complex mixture of
solid particles and gases; in vivo studies showed that
polyaromatic hydrocarbons in tobacco smoke induce TH2
immune responses, thus promoting allergic inflammation
[54, 55], including synthesis of allergen-specific IgE antibod-
ies and IgE-mediated allergic conditions such as AR and asth-
ma in sensitized individuals [56, 57]. Hence, smoking AR
patients may even be more likely to progress to asthma.
Additionally, BHR is well recognized in asthmatic patients
with rhinitis [12, 14, 20] and is also strongly associated with
smoking [53]. This may explain the increased incidence of
new onset asthma in smoking rhinitis patients.

It has been suggested that patients with AR and BHR are at
higher risk of developing asthma. Moreover, some recent
studies have highlighted that FeNO in AR subjects is highly
correlated with the degree of BHR [58, 59]. These discoveries
have raised clinical and scientific interest in FeNO as a bio-
marker in AR patients with BHR. This emphasizes the close
link between upper and lower airways. Hence, increased
FeNO in subjects with AR may be a useful indicator of the
risk for developing asthma [19•].

Recent studies have focused their research on epigenetic
regulation and particularly on the modulation of inflammatory
processes by microRNAs (miRNAs). Panganiban and col-
leagues showed a subset of 10 circulating miRNAs
(miR-26b, miR-29, miR-133a, miR-133b, miR-330-5p,
miR-144, miR-145, miR-422, miR-1248, and miR-1291) that
was similarly deregulated in patients with AR and asthma
[60]. As such, this identified subset is indicative of the com-
mon pathway involved in AR and asthma. In a more recent
study, it was showed that Chinese AR patients with SNP
rs2292832 in miR-149 have an increased risk of asthma [61].

Another biomarker of AR that could be very helpful in
monitoring immunotherapy efficacy could be miR-146a. An
altered expression of this molecule in the PBMCs of AR
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children was associated with Foxp3 expression and disease
severity suggesting that miR-146a may be involved in the
insufficiency of Treg cells for AR pathogenesis. Luo and col-
leagues recently reported that in HDM-sensitized children (n
= 24) with persistent AR treated with SIT (both SCIT and
SLIT), miR-146a expression level in peripheral blood mono-
nuclear cells increased significantly, in addition to Foxp3
mRNA production (P < 0.01) [62]. It seems that miR-146a
exerts an important control on the suppressor function of
Treg cells [63]. These studies suggest that miR-146a might
play a role in SIT by modulating Treg cells.

Management Strategies for the Prevention of AR
to Asthma

Besides environmental control measures and allergen avoid-
ance, the management of AR consists of pharmacological
management and SIT. It is recognized that AR may progress
to the onset of asthma; hence, appropriate treatment of the
underlying inflammation, although mild, is imperative. A
number of approaches are under consideration, as reported
by the ARIA guidelines, to manage and reduce symptoms;
however, these are limited to a combination of oral and intra-
nasal H1-antihistamines, intranasal corticosteroids, and leuko-
triene receptor antagonists [1]. The evidence base for these
combined pharmacological approaches is strong, but they
are intended only to control the symptoms of AR. To date,
the only treatment option to abrogate respiratory symptoms
and background allergic/immunological features is SIT. By
targeting the underlying etiology, SIT can modify the progno-
sis of allergic conditions, especially AR, hence should be con-
sidered a valuable first-line treatment strategy which may pre-
vent the development of asthma as well [64, 65].

In the following sections, we will discuss the postulated
mechanism(s) of action of SIT and its specific role with
regards to prevention of disease progression from AR to
asthma.

Specific Immunotherapy—Mechanism of Action

The mechanism of action of SIT is not fully understood, yet. It
is, however, based on the understanding that repeated allergen
exposure in allergic individuals results in immune tolerance
by attenuating the sensitivity to the offending allergen. It is
widely accepted that tolerogenic dendritic cells, processing
allergens as small peptides, mediate several modifications of
the cellular and humoral immune response during the course
of SIT administration [66–69] (Fig. 1). The immunological
manifestations of SIT in long-term desensitization are initiated
by functional regulatory T (Treg) cells that shift the TH1/TH2
cell balance in favor of TH1 milieu [66–68].

SIT, unlike standard symptomatic therapies, has the poten-
tial to regulate underlying allergic mechanisms and may have

a relevant role in reducing or preventing the progression of
AR to asthma and new sensitizations. Also, SIT in susceptible
individuals may halt immune processes to asthma progression
rather than dampening the immune response once asthma is
established [70, 71].

Clinical Evidence of the Role of SIT in Preventing Progression
from AR to Asthma

For more than a decade, retrospective studies have demon-
strated that in monosensitized individuals, SIT dramatically
attenuates the onset of new sensitizations [72–74]. Studies
have reported that 75–97% of the SIT-treated AR subjects
compared to 35–53% of the AR subjects not treated with
SIT had no new sensitizations [75, 76]. The most robust evi-
dence for SITefficacy in attenuating the onset of asthma stems
from the Preventive Allergy Treatment (PAT) study [37, 38,
40]. In this open-labeled, randomized study, subcutaneous SIT
was administered in 205 children and followed up to 10 years
post-treatment completion. Besides sustained improvements
in AR symptoms over the 10-year period, significantly fewer
children developed asthma in the SIT-treated group at 3 (OR
2.52), 5 (OR 2.68), and 10 years (OR 2.5) of treatment initi-
ation [37, 38, 40]. Additionally, it was reported that there was
a longitudinal treatment effect (adjusting for baseline BHR
and asthma) over the 10-year period (p = 0.0075) [38].
Further evidence of the positive effects of SIT in halting AR
progression to asthma has been demonstrated in longitudinal
and case-control studies [36, 77–79].

A prospective randomized controlled trial of 48 children
with mild persistent asthma with/without rhinitis,
monosensitized to HDM and treated with HDM-SCIT (n =
14), HDM-SLIT (n = 15), and pharmacotherapy alone (n =
14) was followed for 3 years for subjective and objective
asthma and AR parameters [80•]. At 3 years, it was noted that
there was a significant reduction in asthma symptoms in
SIT-treated groups, a marked improvement in rhinitis symp-
toms and general improvements in total symptom score com-
pared to baseline and controls. Medicine intake (p = 0.01) and
skin reactivity to HDM (p < 0.05) were also dramatically at-
tenuated compared to baseline and to the control group.
Overall, although a sustained clinical improvement was ob-
served in children treated by SIT (both SCIT and SLIT), only
SCIT-treated (and not SLIT) children had a significant in-
crease in HDM-specific IgG4 at 3 years follow-up.

Results from the GRAZAX Asthma Prevention (GAP)
study have been recently published [81]. This was a 5-year
double-blind, placebo-controlled, parallel-group randomized
study in 802 children with grass pollen-induced allergic
rhinoconjunctivitis and allergic asthma. The primary objective
was to investigate the effect of the grass sublingual immuno-
therapy tablet (GRAZAX 75,000 SQ-T/2,800 BAU, ALK,
Hørsholm, Denmark) compared to the placebo on the risk of
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developing asthma. SLIT significantly attenuated the risk of
asthma onset or the use of asthma medication by the end of
trial (OR0.66; p < 0.036), during the 2-year post-treatment
follow-up, and during the entire 5-year trial period.
Moreover, allergic rhinoconjunctivitis symptoms were mark-
edly reduced (p < 0.005 for all 5 years) and so were the total
IgE, grass pollen-specific IgE, and skin prick test reactivity to
grass pollen compared to the placebo. Importantly, despite the
clinically significant effects shown previously, SLIT did not
show an effect on the time of onset of symptoms related to
asthma in respect to the placebo group [81].

Although SIT may potentially prevent new sensitizations
and the development of asthma in AR subjects, it is important
to acknowledge that the overall quality of the current evidence
is suboptimal. Well-conducted, large, long-term follow-up
double-blind, placebo-controlled randomized studies are nec-
essary. Theoretically, with the availability of more practical
SIT formulations (e.g., tablet sublingual SIT, aqueous sublin-
gual SIT, enteric and microencapsulated SIT preparations),
which are more practical to administer and randomize, it will
be simpler to design and implement such studies.

In recent years, different meta-analysis and systematic
reviews have been published to assess the efficacy of SIT
in preventing new allergic sensitization and/or asthma on-
set in allergic subjects [83, 84]. In a recent systematic
review of 18 studies (1049 children and 10,057 adults),

it was reported that there was low-grade evidence
supporting the assumption that SIT prevents the onset of
new allergen sensitizations, with 10 of 18 studies
reporting a reduction in the onset of new sensitizations
in patients treated with SIT compared to the placebo. Of
note, small studies and studies with a shorter follow-up
have demonstrated the highest benefit of SIT [84].

However, another systematic review and meta-analysis
on 32 studies analyzing the safety, clinical and
cost-effectiveness, and safety of SIT reported a reduction
in the short-term risk of AR subjects undergoing SIT in
developing asthma (RR = 0.40); though there was lack of
conclusive evidence for longer term benefit for this out-
come (RR = 0.62) [85•]. Additionally, SIT seemed to re-
duce the risk of new sensitizations over the short term;
however, the sensitivity analysis remains debatable (RR =
0.72). There was no clear evidence of any longer-term
reduction in the risk of sensitization (RR = 0.47). Also,
controversially, no conclusive evidence of AIT decreasing
the risk of manifesting the first allergic condition in the
short or long term was noted [85•].

In a systematic overview of systematic reviews, Nurmatov
and colleagues noted moderate-to-strong evidence that SIT
admin is te red to appropr ia te ly se lec ted a l le rg ic
rhinoconjunctivitis patients is effective in reducing symptoms
and medication use. However, the authors suggested caution

Fig. 1 Immunologic responses of specific immunotherapy. Specific
immunotherapy (SIT) triggers various mechanisms that work
simultaneously to lead to allergen desensitization and suppression of
allergic inflammation. The Th1/Th2 cytokine ratio is increased
following SIT. Monocytes, macrophages, lymphocytes B, and T
increased the production of interleukin-10 (IL-10). SIT induces a shift
in the proportion of IL-4-secreting Th2 cells in favor of inducible IL-
10-secreting T-regulatory cells (T-reg) that increase in number and

function. IL-10, together with transforming growth factor-β (TGFβ),
contribute to T-reg function and immunoglobulin class switching to
IgA, IgG1, and IgG4. These blocking antibodies compete with IgE for
allergen binding and suppress IgE production. In addiction, there are
suppressive effect on mast cells, basophils, and eosinophils. Images of
cells by Blausen.com staff (2014). “Medical gallery of Blausen Medical
2014.” WikiJournal of Medicine 1 (2). DOI: https://doi.org/10.15347/
wjm/2014.010. ISSN 2002-4436
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in interpreting these data due to the heterogeneity in the pop-
ulations, allergens, and protocol a (e.g., SCIT vs. SLIT) [83].
An important consideration is the limitation of data/outcomes
of meta-analyses. They may be subject to a variety of biases,
e.g., incorrect selection of trials, inappropriate use of evalua-
tion parameters for the analysis, and unsuitable analyses [86].
For instance, a meta-analysis of several small studies does not
predict the results of a single large study that remains the gold
standard to assess the efficacy and safety of a treatment.
Therefore, when evaluating the results from meta-analyses,
one must keep in mind these limits and observe carefully the
selection criteria of individual studies and the statistical
models used for the data analysis.

Conclusions

Although there have been significant advances in SIT
therapy with clinical trials revealing its efficacy in AR
and possible reduction in progression to asthma [87, 88],
the adoption of this therapeutic strategy is still restricted
in comparison to therapies addressing AR symptoms. This
may be explained by lack of awareness of the clinical
benefits of SIT, its safety profile, the multiple routes of
administration of currently available SIT formulations, a
greater experience with conventional symptomatic medi-
cations, or due to SIT short-term exorbitant costs.
Conversely, evidence suggests that in pre-school children
a t a h i g h r i s k f o r d ev e l o p i ng a s t hma , e a r l y
anti-inflammatory therapy with inhaled corticosteroids
has little impact on the natural course of the disease
[89–91]. Unlike corticosteroids and other symptomatic
therapies, in at-risk individuals, the benefit of SIT in the
treatment of allergic individuals has been shown to pre-
vent the development of allergic conditions. Hence, taking
into consideration that the studies described in the litera-
ture presently are largely observational or uncontrolled,
large well-conducted randomized clinical trials with
long-term efficacy of SIT, irrespective of the route of ad-
ministration, are required to confirm or refute the concept
that SIT may abrogate the progression of AR to asthma in
patients.
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