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Introduction

Allergic rhinitis (AR) affects up to 50% of some populations, especially in
“westernized” countries and its prevalence, in France, tripled over the last 25 years and
according to last figures is around 31% [1,2]. AR is associated with sleep disorders, poor
quality of life, loss of performance at work and thus with an important socioeconomic burden.
The control and severity of AR have been defined [3-5] and several attempts have been made

by physicians to find the best way to reduce the impairment due to AR.

Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines try to categorize
patients by differentiating between those suffering from “mild” symptoms and those with
“moderate to severe” forms of rhinitis [6-8]. There is not a unanimous way to define patients
as simply “severe”, even though it seems important to highlight this specific group, because
of the consistent burden associated to these patients, in terms of increased morbidity and

therefore direct healthcare and indirect socio-economic cost [9,10].

More recently, ARIA guidelines focus on the control of symptoms to better assess the
efficacy of the prescribed treatment [7], and to improve patient’s quality of life (QoL) while
reducing allergic symptoms. Measures of AR control include symptom scores, patients self-
administered visual analogue scales (VAS), patients reported outcomes, such as QoL,
objective measures of nasal obstruction, and a recent modification of the ARIA severity

classification [11,12].

Even though current guidelines are clear and standardized when it comes to choose the
proper treatment to administer to patients suffering from AR, there is no unanimous
consensus on which tool is the best to evaluate severity prior to treatment and control during
patients’ follow-up. The main purpose of this PhD Thesis was to fill this gap using a big data

approach based on real-life assessments.

Two databases have been evaluated for the present PhD project: the MASK database
and the POLLIN’Air database. The analysis of these two databases of adults suffering from
AR had the goal to look for a solution for the previous unresolved question on how to
evaluate severity and control in real-life settings. The MASK database was used to validate

the Allergy Diary (now called MASK-Air®) App, which allow users to assess their AR



control on a phone screen [13]. The POLLIN’AIR database was evaluated to assess the best

method to discriminate severity in patients suffering from seasonal AR [14].



Allergic rhinitis

In Europe 150 million people suffer from allergy [15]. One out of 3 children are
allergic and present estimations suggest that, within the next 10 years, 50% of Europeans will
suffer from allergy [15]. Chronic respiratory diseases, such as AR, asthma, chronic
obstructive pulmonary disease (COPD), and rhinosinusitis account for 4% of the global
burden of chronic diseases [16]. Even with their vast prevalence, relative severity and huge
impact on quality of life, allergic diseases are invariably trivialized [17]. In medical schools,
students are not fully taught about allergies and such subject is only marginal in their medical
formation [17]. Politics, social media, and research funding look at allergies less seriously
than other medical potentially lethal conditions [17]. Even patients consider allergic diseases
as trivial: in fact, more than 50% of individuals suffering from AR do not consult a physician
over the year and almost one-third prefer non-prescription medications, considering

unnecessary to see a doctor for their respiratory allergies [17,18].

AR is one of the most common chronic diseases worldwide, affecting 10-30% of
adults and up to 40% of children [19]. Its global prevalence continues to increase, with over
500 million individuals affected worldwide [19,20]. In the European population, the
prevalence of the disease, confirmed by clinical examination, seems to be approximately 23%
[18,20]. However, the prevalence may vary between countries from 16.9% in Italy to 28.5%
in Belgium [20]. Data from the Burden of Rhinitis in America study reported the prevalence
of rhinitis in the case of seasonal or perennial rhinitis to range between 11.9% and 30.2%
depending on duration of symptoms and physician diagnosis [20]. At any rate, the prevalence
of AR is also increasing in those countries that previously showed a low prevalence while
plateauing in areas of highest prevalence, where it can already affect up to 50% of the

population [19].

AR is an IgE-mediated disease affecting the nasal membranes characterized by one or
more symptoms including nasal congestion, rhinorrhea, sneezing and itching on consecutive
days [19,20]. To enhance the effectiveness and quality of management for AR, several
international guidelines and consensus statements have been developed [21]. The ARIA
workshop (organized by the World Health Organization), was the first evidenced-based
guidelines. ARIA guidelines suggest categorizing AR as intermittent or persistent [8]. This is

motivated by the fact that aeroallergens may be present seasonally in one area and year-round



in other areas [19]. In the ARIA classification system, intermittent refers to symptoms
occurring less than 4 days a week or for less than 4 consecutive weeks, while persistent refers
to symptoms present more than 4 days per week and for more than 4 consecutive weeks [8].
The ARIA working group additionally classifies severity of AR as mild and moderate/severe,
in untreated patients [8]. Patients have mild AR if they do not have any of the following
characteristics: sleep disturbance, impairment of daily activities, impairment of school/work
and symptoms [8]. Patients with one or more of the above characteristics are considered to

have moderate/ severe AR, as shown in Figure 1 [8].

Intermittent Persistent
« Symptoms <4 days/week « Symptoms >4 days/week
or <4 consecutive weeks or >4 consecutive weeks

Figure 1 : ARIA classification of allergic rhinitis according to symptom duration and
severity. From: [8].

Alternatively, the Joint Task Force guidelines by the American Academy of Allergy,
Asthma and Immunology, American College of Allergy, Asthma and Immunology, and the
Joint Council on Allergy, Asthma and Immunology, classify AR as seasonal, perennial and
episodic [22]. Perennial AR is typically caused by sensitization to indoor allergens such as
dust mites, mold and animal dander, while seasonal AR is most often due to sensitization to
pollen allergens [22]. Episodic AR results from sporadic exposures to aeroallergens that are
not typically encountered, such as visiting a farm or home with animal allergens that an

individual would not typically encounter [22].



The most common symptoms are sneezing, itchy nose, rhinorrhea, and/ or nasal
congestion [18,23], with many patients experiencing symptoms of at least moderate severity;
one study estimated that 93% of patients with AR who consulted general practitioners had
symptoms that were moderate-to-severe [18]. Even though patients may present several
different symptoms at the same time, they tend to consult their doctor especially because of

nasal congestion and watery nose [24], as shown in Figure 2.

Allergic Rhinitis

Sneezing

Watery, runny nose
Blocked nose/congestion
Cough/coughing phlegm
Red/watering/itchy eyes
Itchy nose

Headache

Sore throat

Sleep difficulty

Impact on smell
Tightness in your chest
Ear pain/fullness
Coloured nasal discharge
Feeling short of breath
Difficulty breathing

Fever

Il H

Wheezing

Facial pain/fullness
Other

No symptoms

40 60 80 (%)

T

n
o

M All current symptoms M Main reason for medical visit

Figure 2 : Symptoms presented by AR patients and main reason for consulting a physician.
Adapted from: [24].

Indeed, nasal congestion is one of the most frequent and generally the most
bothersome symptom in both adults and children [23]. In adults, 60% report it as the most
common symptom during the worst time of the year, and in the pediatric population (4 to 17
years) patients present such symptom every day or most days in 52% of cases [23]. Postnasal
drip, runny nose, and sneezing are similarly common and more so than nasal itch [23].
Postnasal drip and runny nose, however, are generally more bothersome than either sneezing
or nasal itch [23]. The presentation of AR in childhood is more frequent in boys, but in adults,
it is more common in women [23]. Children with a bilateral family history of atopy may
develop symptoms more frequently and at a younger age than those with a unilateral family
history [23]. Aeroallergen sensitization rarely begins before 6 months of age but may start
between 6 months and 2 years of life [23]. Infants born in atopic families are sensitized to

pollen aeroallergens more frequently than to indoor aeroallergens in the first year of life [23].



The frequency of sensitization to inhalant allergens is increasing and is more than 40% in
many populations in the United States and Europe [23]. Seasonal AR symptoms generally do
not develop until 2 to 7 years of age [23]. The prevalence of seasonal AR is higher in children

and adolescents, whereas perennial AR has a higher prevalence in adults [23].

Risk factors for the development of AR include: the previously mentioned family
history of atopy; total serum IgE greater than 100 IU/mL before the age of 6; the presence of a
positive allergy skin prick test and higher socioeconomic class [23]. Recently, tobacco
smoking [25,26], air pollution [27,28], or diet [29] have been suggested as potential factors,
as well.

The influence of early childhood exposure to infections (the hygiene hypothesis), animals,
and secondary tobacco smoke on the development of atopy and allergic rhinitis is still unclear

[23].

Allergic rhinitis burden

AR is a global public health issue: patients are daily burdened with the misery of nasal
and ocular symptoms, making them tired and irritable [15,30]. AR burden refers to the overall
impact of the disease both on patients and on society: indeed, not only it includes how
patients are physically and mentally affected by AR, how their daily life is conditioned by
their symptoms and how they struggle to control them to improve their quality of life, but also
how much the disease costs in term of medical and pharmaceutical costs and of decreased
ability to work or perform daily activities. Although clinical measures provide information on
the affected organ systems, they do not capture the patient’s overall perception of the disease
burden caused by the physical, emotional, and social impairments in everyday life [18]. The
burden of AR is now being recognized both by the European Academy of Allergy & Clinical
Immunology (EAACI) as well as at the EU parliament level [31]. It is now also
acknowledged in the ARIA guidelines, which classify its severity based both on symptoms
and its effect on Health-Related Quality of Life (HRQL) [18].

Unfortunately, in real-life, the burden of AR is often under-estimated since the disease

is trivialized [20]. Nevertheless, no aspect of patients’ lives, from sleep to cognitive functions,
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mood, and associated comorbid conditions, such as asthma and conjunctivitis, escapes the
rhinitis touch, including an increased risk of road traffic accidents [15,30]. Ultimately, AR
deeply affects patients” QoL and work and school performances [30], and may lead to
depression and anxiety [20]. Patients suffering from moderate-to-severe AR show a

significant deterioration of their QoL, as shown in Figure 3.

Have your symptoms Have your symptoms Have your symptoms
disrupted your work / disrupted your social life / disrupted your family life /
school? leisure activities? home responsibilities?

= No

mYes

Mild Moderate to Severe Mild Moderate to Severe Mild Moderate to Severe

Figure 3 : Impact of AR severity based on the ARIA classification on activities of daily
living. Adapted from: [20].

In the US, approximately 1 in 4 adults (22%) report they are unable to sleep or are
awakened most days or every day and 26% to 45% of children experience sleep disruption
because of nasal allergy symptoms [23]. Almost twice as many patients with AR compared
with adults without nasal allergies say that their AR limits them in daytime physical indoor
activities (20% vs. 11%) and outdoor activities (44% vs. 21%) [23]. In a Spanish study, the
negative impact on daily activities for patients with AR was greater (27%) than for patients
with type 2 diabetes mellitus (17%) and hypertension (9%); it was less than for symptomatic
depression (59%) [23]. In athletes with rhinitis, factors with a potential negative effect on
sports performance include outdoor exposure to pollens and pollutants (ozone and particulate
matter) and sports-specific environmental conditions (e.g. cold temperatures, dry air, and
indoor chlorine) [23]. In a US survey, adults were questioned about how much their AR,
during the worst month of allergy symptoms, affected their emotional domain regarding their
mood and feelings; 85% of patients answering “sometimes” or “frequently” for the item

“fatigue”, 67% for “irritable”, 60% for “miserable”, 28% for “depressed or blue”, 25% for
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“anxious”, and 15% felt “embarrassed” [23]. Indeed, most studies indicate a close association
between nasal allergies and anxiety/mood syndromes [23]. There are several mechanisms that
might mediate this relationship: allergic reactions triggering the immune system and
cytokines, allergies impairing sleep through nasal obstruction, and allergies negatively

affecting cognitive function [23].

The impact of nasal allergies on patient-perceived health status is therefore substantial
[23]. In the US, Latin America and Asia-Pacific surveys, between 35% and 50% of adults
reported that nasal allergies have at least a moderate effect on daily life [23]. Although most
patients with AR have reported a good overall sense of their health (excellent, 11%; very
good, 29%; and good, 34%), when compared with adults without nasal allergies, it is evident
that AR patients rated their overall heath significantly lower [23]. Nearly twice as many
adults without nasal allergies described their health as excellent (23%) and at the other
extreme, nearly twice as many AR patients rated their health as only fair/poor/very poor

(27%) compared with adults without nasal allergies (15%) [23].

The burden of the disease becomes even more important when AR is uncontrolled
[32]. The ramifications of poorly controlled AR extend into other disease states, most notably
asthma, where the likelihood of exacerbations or flare-ups is elevated [32]. The lack of
symptoms control seems the basic motivation for patients to seek medical aid and undergo
therapy [23]. In fact, patients appear reluctant to seek professional advice until their
symptoms become ‘intolerable’ [15]. A UK study found that only 18% of patients with AR
had consulted their doctor about the condition in the preceding 2 years [18]. In a French
study, up to 20% of patients avoided consulting their doctor about the problem, despite 90%
reporting that nasal symptoms affected their daily lives, over half complaining of sleepiness
and headaches, and 8% reporting that they had taken time off work because of their rhinitis
[18]. On the other side, unfortunately, even many physicians under-estimate AR severity and
undertreat it [15]. Undertreated rhinitis may have a substantial negative impact on patients’
QoL impairments in work productivity, school performance, social interactions, sleep and
driving performance, which contributes to the overall disease burden [33]. It has been
evaluated that only 10% of AR patients are being treated optimally [17]. The number of
untreated or incorrectly treated patients, who are consequently partly or fully symptomatic, in

all studies is approximately 90% [17].
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Patients, therefore, struggle to alleviate their misery, frequently use over the counter
(OTC) drugs and homeopathic remedies and take several different drugs as relief therapy
[15]. Patients with mild AR have less impact on the health economy, with costs of around a
quarter of those with moderate-to-severe disease [16]. The societal costs of a disease are
commonly described as direct and indirect costs [34]. The formers are instigated by health-
care visits, use of medication and hospitalization, whereas the latter are mainly related to
absence from work (absenteeism) and reduced working capacity at work (presenteeism) [34].
Overall cost for AR is more important than the cost for other chronic respiratory diseases,

such as asthma, COPD, and rhinosinusitis (Figure 4).

9000

6000

-
wv
2
-
]
- Work productivity
Q = Medications
$ 5000 )
4 m Hospital
v
2 4000 m Emergency
:c: 3000 m Specialist
2 mGP
£ 2000

~m W W =

Allergic Rhinitis Asthma COoPD Rhinosinusitis

Figure 4 : Annual directed and indirect costs for chronic respiratory diseases, based on
primary diagnosis. From: [16].

In Europe, the total societal cost of persistent allergic rhinitis and its comorbidities in
2002 was estimated at 355.06€ per patient per month [23]. In a French study, the authors
assessed, through national Electronic Health Records, medical resource utilization and related
direct cost for perennial AR, with or without concomitant allergic asthma [35]. They
highlighted that, in 2013, the median annual cost reimbursed by the French social security
system for a patient with perennial AR was 159€, ranging from 111€ to 188€ in more severe
forms, as show in Figure 5 [35]. Also, a gradient of median costs per patient appeared
between the three subgroups of perennial AR severity for drug treatment (from 15.51€ to

4.57€), and nondrug treatment (from 85.52€ to 122.72€) [35].
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Figure 5 : Median cost in 2013 in France, for patients suffering from perennial AR. From:

[35].

They also found that in patients suffering from perennial AR and allergic asthma, the median

annual cost varied between 266€ and 375€, and drug treatment accounted for 42-55% of the

costs, depending on asthma control, as shown in Figure 6 [35]. Patients with very poorly

controlled asthma had a high median cost per patient for drug treatment of 175.5€ per year,

while patients with well-controlled asthma it was 77.71€ per year, and 67.6€ per year for

patients with not well-controlled asthma [35]. Medical resource utilization for nondrug

treatments was stable between the three subgroups (around 130€ per year per patient), as well

as hospitalizations [35].

200 €
180 €

3 160 €
— 140€
120€
100 €
80€

60€

dian cost per pati

40€

20€

0€~

OWell-controlled asthma @ Not well-controlled asthma
@ Very poorly controlled asthma

42.4%
3.

55.0%

2.6% 3.1% 2.7%

55.0% 42.3%

Drug tr

Nondrug treatment
(except hospitalizations)

Medical resource (2013)

Figure 6 : Median cost in 2013 in France, for patients suffering from perennial AR and
allergic asthma, according to asthma control. From: [35].

The total direct medical cost for AR in the US is approximately $3.4 billion per year, with

almost half attributable to prescription medications [23]. Compared with matched controls,

patients with AR have an approximately 2-fold increase in medication costs and a 1.8-fold
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increase in the number of visits to health care practitioners [23]. In Sweden, the total annual
cost of self-reported AR is estimated at €1.3 billion per year, which is three to four times the
estimated total cost of asthma in the same Country [34]. Based on the Swedish results, if we
assume that the demographics and health-care costs were comparable in other EU countries,
the annual cost of AR in Germany, France and Great Britain would be between €9.4 and €9.9

billion each [34].

As previously mentioned, drugs cost for AR is indeed a major direct cost of the
disease, but it does not represent the main cost related to the disease. Indeed, AR imposes a
high socioeconomic burden worldwide, particularly in terms of indirect costs [31], higher than
that induced by asthma, diabetes and heart disease [15]. Indirect cost in the US ranges
between $5.5-$9.7 billions per year [23]. The economic burden of allergic diseases in the
working population (between the ages of 15 and 65) of the European Union was previously
investigated by the Global Allergy and Asthma European Network (GA2LEN) [36]. The
study found that the high socioeconomic cost of allergies was due to the high prevalence of
allergies in the studied age group, and the associated presenteeism (working while feeling
sick) and absenteeism, which were mainly caused by under-treatment and were thus avoidable
[37]. The GA2LEN study indicated that cost savings of over €100 billion could be
realistically expected through better treatment of allergic diseases [36]. In the United States
AR patients show low absenteeism (1.7%) but their overall work impairment ranged from
35% to 40% of normal productivity [16]. Indeed, recent studies agree that AR substantially
impairs at-work productivity (evaluated as presenteeism) and only minimally absenteeism, as
shown in Figure 7. Nevertheless, further studies assessing daily work productivity and
severity of symptoms at the same time over prolonged periods and comparing with other

chronic diseases are needed to better characterize the impact of AR [30].
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Distribution of allergic rhinitis costs
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Figure 7 : Distribution of direct and indirect costs for AR. From: [34].

The high financial costs associated with poorly managed rhinitis, including the direct

treatment-related costs and indirect costs through lost wages and reduced productivity, create

a substantial socioeconomic burden on individuals and society [33]. The possible annual cost

for working impairment in the European Union caused by undertreated AR is shown in Table

1. Improved adherence to guidelines might ease the economic burden on society [34].

Table 1: Annual cost for EU employers due to working impairment caused by undertreated
AR. Adapted from: [34].

Assuming a 20%
prevalence of
relevant allergic
diseases and 10%

Assuming a 20%
prevalence of
relevant allergic
diseases and 20%

Assuming a 35%
prevalence of
relevant allergic
diseases and 20%

impairment impairment impairment
Cost of absenteism/worker/annum €528 €528 €528
Cost of presenteism/worker/annum € 845 €1.690 € 1.690
Total cost/worker/annum €1.373 €2.218 €2.218
Number of workers with allergic disease 44 million 44 million 76 million
Number of workers with undertreated allergy 40 million 40 million 68 million

Total allergy cost
Total additional costs for guideline-approved treatment of
untreated population

Total potential savings

€ 54.9 billion

€ 5 billion

€ 50 billion

€ 88.7 billion

€ 5 billion

€ 84 billion

€ 150.8 billion

€ 8.5 billion

€ 142 billion
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Management of allergic rhinitis

Management of AR may be a difficult task for specialists, considering the previously
mentioned fact that patient do not frequently consult a doctor for their nasal symptoms [32].
Indeed, patients may fail to recognize the impact of the disorder on their quality of life and,
tend to perceive their illness as a ‘minor’ ailment, which they can easily manage themselves
[32, 38]. When they do consult a doctor, they usually underreport their AR symptoms, making
the diagnosis of AR often a challenge for general practitioners [39]. Early detection and

optimal management of AR allows patients to minimize the impact of AR on the patient [39].

Several different classifications have been created to distinguish different types of
rhinitis. Such disease may be classified as IgE-mediated (allergic), and Non-Allergic Rhinitis
(NAR). The difference between AR and other forms is the presence of positive skin prick
tests or the detection of serum specific IgE [40]. Local AR (LAR) is a newly described form
of AR, and an exception to such definition [41]. LAR is generally diagnosed in individuals
without classic systemic atopy, but with a positive nasal provocation test and/or with specific
IgE detected in nasal secretions [40,41]. NAR has many subtypes, including infectious,
autonomic (drug-induced, gustatory, hormone-induced, atrophic, senile), and idiopathic

rhinitis, as shown in Table 2 [38,40].

Table 2: etiological classification of rhinitis. Adapted from: [38].

Type Description

IgE-mediated (allergic) e« IgE-mediated inflammation of the nasal mucosa, resulting in eosinophilic and Th2-
cell infiltration of the nasal lining

* Further classified as intermittent or persistent

Autonomic * Vasomotor
* Drug-induced (rhinitis medicamentosa)
* Hypothyroidism
* Hormonal

* Non-allergic rhinitis with eosinophilia syndrome (NARES)

Infectious * Precipitated by viral (most common), bacterial or fungal infection

Idiopathic » Etiology cannot be determined
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In both AR and NAR, nasal symptoms may also be due to or accentuated by structural
or mechanical issues, as well as systemic conditions (cystic fibrosis, primary ciliary
dyskinesia, eosinophilic granulomatosis and polyangiitis, sarcoidosis, and amyloidosis) [40].
Patients may present different types of rhinitis at the same time, leading to a mixed phenotype

or endotype or both [40].

The initial evaluation of a patient presenting with evocative symptoms of AR starts
with a complete collection of personal and family clinical history; personal history should
include careful attention to environmental exposures with a focus on precipitating factors and
quality of life assessment [19]. Physical examination should include rhinoscopy, or nasal
endoscopy, in specialized centers, to assess the possible inflammation of the nasal mucosa, as
shown in Figure 8. Physical exam findings may include rhinorrhea, enlargement and pallor of
the inferior nasal turbinates, conjunctival injection and increased lacrimation, Dennie-Morgan

lines, allergic shiners, nasal crease, and sinus tenderness [19].

Figure 8 : Endoscopic image of nasal mucosa in a patient suffering from AR. From: [41].

Diagnosis of AR is strictly clinical. Nevertheless, further diagnostic testing may be
necessary to confirm the allergen responsible for allergic symptoms [38]. To evaluate
responsible allergens, skin prick tests should be performed to assess sensitization and possibly
allergy, whenever the exposure to an allergen relates to the appearance of clinical symptoms.
Skin-prick testing for the allergens relevant to the patient’s environment is considered the
primary method for identifying specific allergic triggers of rhinitis. Although allergen skin
prick testing is preferred, in vitro assays for serum allergen specific IgE may be performed for
patients who cannot undergo skin testing (ex: extensive eczema, dermographism, recent oral
antihistamine use...), is the in vitro testing for allergen-specific IgE. However, skin prick tests

are still considered as the gold standard, are more sensitive, less expensive, and give
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immediate results, and the sensitivity of specific IgE in vitro assays compared with skin prick

tests is approximately 70-75% [19,38].

Differential diagnosis of AR from other forms of rhinitis is not easily defined as AR
rarely presents in isolation [32]. The disease is frequently associated to mainly two
comorbidities: conjunctivitis and asthma. Ocular allergic symptoms are strongly associated
with AR, even though they are often underdiagnosed — at least in mild forms — and
consequently undertreated [42]. Conjunctivitis is now increasingly recognized as the most
frequent comorbidity of AR [8], strongly participating to AR QoL impairment. As for asthma,
over 80% of asthmatics have AR while 10-40% of individuals with AR have asthma [19]. AR
is a risk factor for asthma, and the diagnosis of AR may precede asthma [19]. Studies of both
adult and pediatric populations provide evidence for an increased risk of asthma development
in individuals previously suffering from AR [19]. Even though the precise mechanisms
underlying comorbid asthma and AR have yet to be fully elucidated AR seems to contribute
to asthma severity and poor asthma control [19,31]. Patients reporting severe rhinitis exhibit
poorer asthma control than those with mild disease, with a negative impact equivalent to that
of tobacco smoking [31]. For such reason, an appropriate treatment of AR is essential in
asthmatic patients, being able to possibly reduce the odds of asthma-related healthcare

(specifically, emergency room visits and hospitalizations), by up to 80% [19].

Once the diagnosis of AR is reached, AR management is mainly based on allergen
(trigger) avoidance, relief medication (including OTC and prescription medicines), patient
education, allergen immunotherapy (AIT) and, occasionally, surgical treatment [21,40,43].
An appropriate treatment is related to an improvement in patients’ QoL [18]. However, since
allergen avoidance is often not effective and AIT is limited to a minor group of patients, AR
treatment is based on relief therapy in most cases [43]. Such treatment may be self-prescribed

by patients, or advised by a general practitioner or by an allergy specialist.

Although treatment guidelines are well established, treated patients may report poor
levels of satisfaction, with a frequent search for extra medications (mainly OTC drugs) to
better reduce their nasal/ocular symptoms [21]. Also, given that the management of AR is not
straightforward, it requires proper medical guidance for self-management as well [32].
Adherence to prescribed treatment is key to ensuring achievement of the clinician’s desired
therapeutic effect [39]. However poor adherence remains a crucial problem in AR, leading to

increased symptoms, lower patients’ QoL, and higher direct and indirect costs [44]. Patients
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may have an easy access to AR medications, and, while not being aware of the importance of
appropriate treatment, they get used to living with sub-optimally managed AR [32,43]. It has
been shown that AR may be present since childhood, but that a proper diagnosis is often
reached on the average 7 years after the first reported symptom, and after seeing multiple
physicians, before finding a suitable treatment [43]. Dissatisfaction towards doctors and
previously proposed treatments leads to decreased compliance and increased reliance on
multiple therapies, including OTC medications [45]. In fact, through multiple doctor
consultations and personal internet researches, patients believe they have learned enough
about their disease and grow confidence in being able to self-manage AR [43]. 60% of AR
patients are “very interested” in finding a new medication, and 25% are “constantly” trying
different medications to find one that really “works” [45]. AR patients also frequently feel
that their doctor does not take their disease seriously and does not understand their personal
treatment needs [45]. Also, doctor’s appointments become a significant impingement on
patients’<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>