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Abstract. Allergic rhinitis (AR) is a very common disease. In most cases, therapy is based on symptomatic
drugs, while allergen immunotherapy (AIT), which is the only one to act on the cause of the disease, is
reserved for patients with a greater burden of disease. In particular, the possible evolution towards asthma
substantiates the use of AIT, but requires the availability of diagnostic indices related to the risk of developing
asthma. We analyzed the available literature on risk factors for onset of asthma in patients with AR, including
bronchial hyperresponsiveness, uncovering by respiratory function tests of airway impairment, measurement
of fractioned exhaled nitric oxide, given IgE sensitization pattern, and respiratory infections detected by
nasal mucus samples or by particular microbiomes. Most of these risk predictors have been investigated too
little or do not have consistent results, while various studies have confirmed that early bronchial impairment
in AR patients, particularly concerning small airways, should be considered as prescriptive criteria for AIT.
(www.actabiomedica.it)
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Introduction

Respiratory allergy involves various organs,
including rhinitis, rhino-conjunctivitis, and asthma.
A progression to asthma frequently characterizes the
natural history of allergic rhinitis (AR). Consistently, a
meta-analysis of 39 studies involving an overall num-
ber of 27,4489 AR patients evidenced that AR was
significantly (OR 3.82) associated with asthma occur-
rence (1).

Allergen-specific immunotherapy (AIT) is the
only treatment that acts on allergy causative factors
and modifies its natural history (2). In this regard,
the PAT (preventive allergy treatment) studies dem-
onstrated that children with pollen-induced AR AIT
for three consecutive years prevented asthma develop-
ment for up to 10 years after its discontinuation (3).
More recently, real-life studies conducted in Germany
have extended these observations to large patient

populations. Schmitt and colleagues studied a con-
secutive cohort of 118,754 patients suffering from AR
without asthma and not treated with immunotherapy
as of 2005 (4). The authors stratified the patients into
two subgroups: one group started injective or sublingual
immunotherapy with seasonal or perennial allergens in
2006, whereas the other group started treatment with
symptomatic drugs in the same year. The outcome was
the possible onset of asthma up to 2012. The risk of
asthma onset was significantly lower in patients treated
with AIT than those treated with drugs alone. A more
relevant preventive effect was observed in patients
treated with AIT for at least three years compared to
those treated for less than three years (4). Zielen and
colleagues compared the frequency of asthma devel-
opment in patients with grass pollen-driven rhinitis,
respectively treated with sublingual immunotherapy
(2,851 patients) using two different products (one single
grass or five grasses) or treated with only symptomatic
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drugs (17,275 patients). The onset of asthma was sig-
nificantly less frequent (p=0.002) and later (p=0.003)
in patients treated with AIT than in those treated only
with drugs (5). More recently, Wahn and coworkers
compared 9,001 patients treated with injective or sub-
lingual AIT using six different allergenic extracts of
birch pollen, with 45,005 patients treated with drugs
alone; the patients had a 6-year follow-up. The asthma
onset was significantly (p=0.001) less frequent in AI'T-
treated patients (6). Therefore, these extensive stud-
ies confirm the concept that immunotherapy, lasting
as recommended for at least three years, significantly
prevents the development of asthma in AR patients.
However, it is not conceivable that all AR patients
with pollen allergy are treated with preventive immu-
notherapy as they are hundreds of millions around the
world (7). The decision for AIT prescription should be
based on symptom severity, insensitivity to pharmaco-
logical treatments, clinical relevance of causal allergen,
and patient preference. A pediatric study demonstrated
that sensitization to house dust mites (HDM) was a
significant (OR 2.3) risk factor for asthma onset, with
an incidence of 2.4% per year (8). Again, considering
that people allergic to HDM are about 500 million
worldwide (9), it does not appear possible to prescribe
AIT to everyone. Therefore, it is necessary to identify
the risk factors associated with the development of
asthma in patients with AR.

Risk factors for asthma development.

In the 1970s and 1980s, the bronchial hyperre-
sponsiveness (BHR), measured by methacholine testing,
was proposed as a predictor of asthma development in
patients with AR (10-12). The 10-year follow-up on
the PAT study demonstrated that BHR at baseline was
significantly (p<0.0001) associated with increased risk
of later development of asthma (3). Further, a pediatric
12-year follow-up study showed that BHR (OR 4.94)
and HDM sensitization (OR 3.23) increased the risk
of developing asthma in adulthood (13). Another area
of research assessed early airway impairment in AR
patients as a risk factor for future asthma. In 2011, the
first study evaluated forced expiratory flow at 25-75%
of vital capacity (FEF

,s.75), forced expiratory volume at

1 second (FEV), and response to bronchodilation test-
ing in 605 adult patients with AR. Interestingly, 8.4% of
patients had impaired FEV (<80% of predicted), 24.7%
impaired FEF, _, and 66.1% had reversibility to bron-
chodilation. The authors concluded that such dysfunc-
tions suggest to suspect a possible progression from AR
toward asthma (14). This observation was confirmed by
an 8-year follow-up study on 89 patients, which evi-
denced that the number of AR patients with FEF,,
<70% of predicted significantly increased during the
observation time and 34 of them developed BHR at the
end of the observation (15). A pediatric study enroll-
ing children with AR showed that small airways dys-
function after bronchodilation testing was significantly
predictive of asthma development (16). In particular,
it has been underlined that reduced FEF,. . (<65%
of predicted) should be considered a reliable marker
of early bronchial impairment in AR patients and is
associated with BHR and type 2 bronchial inflamma-
tion (17). Further studies showed that HDM sensitiza-
tion and rhinitis duration were significantly associated
with impaired FEV, (<80% of predicted) in adults and
children with AR (18,19). Measurement of fractioned
exhaled nitric oxide (FeNO) levels was investigated as
a possible risk factor for asthma in adult patients with
AR (20). In this study, some clinical parameters, such as
the severity of rhinitis symptoms, levels of specific IgE,
and expression of adhesion molecules (ICAM-1 and
VCAM-1), were not significantly correlated with the
risk of asthma. On the contrary, the duration of rhinitis
and increased FeNO values were associated with a high
risk of developing asthma (18).

The sensitization pattern was also studied as a
prognostic factor. In a group of 191 children sensitized
to HDM, sensitization to Der p1 or Der p 23, at the
age of 5 years or less, was found to predict school-age
asthma (21). This observation is of clear interest, but
to date has not been confirmed by further studies.
Various researches have evaluated the importance
of infections in promoting asthma development
in children, but the presence of AR has rarely been
considered. In a 5-year study of 198 atopic children,
respiratory infections (mainly due to rhinovirus and
respiratory syncytial virus) were frequently associated
with the later asthma onset in allergic children, but
not in non-allergic children (22). Nasal mucus samples
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were collected from 285 children in the first two years
of life; the children were then followed up to 18 years
(23). Four developmental trajectories relating to the
early composition of the microbiome were identified.
The microbiome dominated by Staphylococcus in the
first six months of life was associated with an increased
risk of asthma at the age of three years that persisted
throughout the study. The identification of rhino-
viruses and Moraxella during asthma episodes was
also associated with the risk of developing persistent
asthma in subsequent years (23). Moreover, a history
of respiratory symptoms, mainly after viral infections
or exercise was also reported to be predictive of further
asthma in AR patients (24,25).

Conclusions

Many risk factors predicting asthma development
in patients with AR have been suggested. Their
clinical relevance is represented by the use of elec-
tive prescriptive criteria for AIT. Namely, the burden
concerning clinical symptoms, quality of life, and
direct and indirect costs, is much higher for asthma
than AR. The data available so far must be interpreted
based on their applicability in current clinical practice.
For example, studies on the microbiome types are
of undoubted scientific value but require evalua-
tions within the first two years of life and subsequent
prolonged follow-ups, which are usually not available
in patients who are candidates for immunotherapy.
The prescription of immunotherapy based on the IgE
sensitization profile in single patients would respond
to the criteria of precision medicine, but the only study
that has demonstrated the predictivity of this finding
has not yet received confirmation. Similarly, the pre-
dictive ability of fractioned exhaled nitric oxide levels
on asthma has been suspected by a single study but not
settled by the authors themselves. On the other hand,
several studies demonstrated that an early bronchial
impairment, particularly concerning small airways, in
patients with HDM-driven AR is a reliable marker
predictive of future asthma (14-19). Consequently,
when asthma prevention is the main purpose, HDM
sensitization with early bronchial impairment should
be considered prescriptive criteria for AIT.

Conflict of Interest: Giorgio Ciprandi declares that he has no
commercial associations (e.g. consultancies, stock ownership, equity
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article.

Cristoforo Incorvaia is Scientific consultant for Stallergenes-Greer.

Erminia Ridolo has recently been a speaker in a web meeting

organized by ALK-Abello.

References

1. Tohidinik HR, Mallah N, Takkouche B. History of allergic
rhinitis and risk of asthma; a systematic review and meta-
analysis. World Allergy Organ J. 2019 Oct 17;12(10):10006

2. Jutel M, Agache I, Bonini S, et al. International Consensus on
Allergen Immunotherapy II: Mechanisms, standardization
and pharmacoeconomics. J Allergy Clin Immunol. 2016
Feb;137(2):358-68.

3.Jacobsen L, Niggemann B, Dreborg S, et al. Speciffic immu-
notherapy has long-term preventive effect of seasonal and
perennial asthma: 10-year follow on the PAT study. Allergy
2007;62:943-8

4. Schmitt J, Schwarz K, Stadler E, Wustenberg EG. Allergy
immunotherapy for allergic rhinitis effectively prevents
asthma: results from a large retrospective cohort study. J
Allergy Clin Immunol. 2015;136:1511-1516.

5.Zielen S, Devillier P, Heinrich J, Richter H, Wahn U.
Sublingual immunotherapy provides long-term relief in aller-
gic rhinitis and reduces the risk of asthma: A retrospective,
real-world database analysis. Allergy. 2018;73(1):165-177.

6. Wahn U, Bachert C, Heinrich J, Richter H, Zielen S. Real
world benefits of allergen immunotherapy for birch
pollen-associated allergic rhinitis and asthma. Allergy. 2019
Mar;74(3):594-604.

7.Lake IR, Jones NR, Agnew M, et al. Climate Change and
Future Pollen Allergy in Europe. Environ Health Perspect.
2017;125(3):385-391

8. Kuehr J, Frischer T, Meinert R, et al. Sensitization to mite
allergens is a risk factor for early and late onset of asthma
and for persistence of asthmatic signs in children. ] Allergy
Clin Immunol . 1995 Mar;95(3):655-62.

9. Bousquet J, Dahl R, N Khaltaev N. Global Alliance against
Chronic Respiratory Diseases. Eur Respir J. 2007;29(2):233-9.

10. Townley RG, Ryo UY, Kolotkin BM, Kang B. Bronchial
sensitivity to methacholine in current and former asthmatic
and allergic rhinitis patients and control subjects. ] Allergy
Clin Immunol 1975; 56(6):429-42.

11. Madonini E, Briatico Vangosa G, Pappacoda A, Maccagni
G, Cardani A, Saporiti F. Seasonal increase of bronchial
reactivity in allergic rhinitis. ] Allergy Clin Immunol 1987;
79(2):358-63.

12. Braman SS, Barrows AA, DeCotiis BA, Settipane GA, Cor-
rao WM. Airway hyperresponsiveness in allergic rhinitis. A
risk factor for asthma. Chest 1987; 91(5):671-4.



Acta Biomed 2021; Vol. 92, N. 2: €2021194

13. Porsbjerg C,von Linstow ML, Ulrik C, Nepper-Christensen
S, Backer V. Risk factors for onset of asthma: a 12-year pro-
spective follow-up study. Chest. 2006;129(2):309-16.

14. Ciprandi G, Signori A, Tosca MA, Cirillo I. Spirometric
abnormalities in patients with allergic rhinitis: indicator of
an “asthma march? Am J Rhinol Allergy. 2011;25(5):181-85.

15. Ciprandi G, Cirillo I, Signori A. Impact of allergic rhinitis
on bronchi: an 8-year follow-up study. Am ] Rhinol Allergy.
2011 Mar-Apr;25(2):e72-6.

16. Skylogianni E, Triga M, Douros K, et al. Small-airway dys-
function precedes the development of asthma in children
with allergic rhinitis. Allergol Immunopathol (Madr) 2018;
46(4):313-321.

17. Ciprandi G, Cirillo I. The pragmatic role of FEF? in asymp-
tomatic subjects, allergic rhinitis, asthma, and in military set-
ting. Expert Rev Respir Med. 2019; 13(12):1147-1151.

18. Ciprandi G, Cirillo I, Pistorio A. Impact of allergic rhinitis
on asthma: effects on spirometric parameters. Allergy 2008;
63(3):255-60

19. Ciprandi G, Capasso M. Association of childhood peren-
nial allergic rhinitis with subclinical airflow limitation. Clin
Exp Allergy 2010;40:398-402

20. Muntean IA, Bocsan IC, Vesa S, et al. Could FeNO Predict
Asthma in Patients with House Dust Mites Allergic
Rhinitis? Medicina (Kaunas). 2020. 14;56(5):235.

21.Posa D, Perna S, Resch Y, et al. Evolution and predictive
value of IgE responses toward a comprehensive panel of
house dust mite allergens during the first 2 decades of life. ]
Allergy Clin Immunol. 2017;139(2):541-549.

22. Kusel MM, de Klerk NH, Tatiana Kebadze T, et al. Early-
life respiratory viral infections, atopic sensitization, and risk
of subsequent development of persistent asthma. J Allergy
Clin Immunol. 2007;119(5):1105-10.

23. Tang HF, Lang A, Teo SM, et al. Developmental patterns
in the nasopharyngeal microbiome during infancy are
associated with asthma risk. ] Allergy Clin Immunol. 2020.
Epub Ahead of Print.

24. Elias Hernandez MT, Sanchez Gil R, Cayuela Dominguez
A, et al. Risk factors for bronchial asthma in patients with
rhinitis. Arch Bronconeumol. 2001;37(10):429-34.

25.Brozek G, Lawson J, Szumilas D, Zejda ]. Increasing
prevalence of asthma, respiratory symptoms, and allergic dis-
eases: Four repeated surveys from 1993-2014. Respir Med.
2015;109(8):982-90

Received: 1 November 2020

Accepted: 25 November 2020

Correspondence: Prof. Erminia Ridolo
Department of Clinical & Experimental Medicine
University of Parma

Parma, Italy

Telephone: +39 0521 033511

E-mail: Erminia.ridolo@unipr.it



