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Abstract:

Background: Allergic rhinitis (AR) is one of the most prevalent chronic inflammatory conditions worldwide,
affecting an estimated 400 million individuals and representing a major global public health burden. Driven by
IgE-mediated immune responses to environmental allergens, AR causes significant impairment of quality of life,
sleep, and occupational productivity, and frequently coexists with asthma, sinusitis, and other atopic conditions.

Objectives: This review synthesizes current evidence on the pathophysiology, epidemiology, clinical assessment,
pharmacological and non-pharmacological management, special population considerations, and future
directions for allergic rhinitis.

Methods: A comprehensive literature search was conducted across PubMed, Scopus, and Web of Science,
supplemented by review of ARIA (Allergic Rhinitis and its Impact on Asthma) guidelines, EAACI (European
Academy of Allergy and Clinical Immunology) position papers, and landmark randomized controlled trials
published through 2024.

Findings: Intranasal corticosteroids remain the most effective first-line pharmacotherapy for moderate-to-severe
AR, while second-generation antihistamines provide rapid symptomatic relief. Allergen immunotherapy offers the
only disease-modifying treatment option. Emerging biologics, such as dupilumab, show promise for refractory
disease. Significant unmet needs persist in long-term outcomes, patient adherence, precision medicine
approaches, and management in special populations including pregnant women and the elderly.

Conclusions: A stepwise, individualized approach integrating allergen avoidance, pharmacotherapy, and
immunotherapy remains optimal. Advances in molecular allergy diagnostics and biologic therapies are reshaping
the AR treatment landscape. Future research must prioritize precision medicine frameworks, long-term
immunotherapy optimization, and enhanced patient education platforms to reduce the global burden of this
underrecognized condition.
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1. INTRODUCTION:

Allergic rhinitis (AR) represents one of the most
common chronic inflammatory disorders of the
upper respiratory tract, affecting an estimated 400
million people globally and demonstrating a
prevalence of 10-40% across different geographic
regions and age groups. Despite its high prevalence
and significant socioeconomic impact, AR remains
widely  underdiagnosed,  undertreated, and
underestimated by both patients and healthcare
providers.

Defined as an IgE-mediated inflammatory disorder
of the nasal mucosa triggered by exposure to
specific allergens, AR is characterized by the classic
tetrad of nasal symptoms: sneezing, rhinorrhea,
nasal obstruction, and nasal pruritus. These
symptoms, while individually non-life-threatening,
collectively impose considerable  morbidity,
including disrupted sleep, impaired cognitive
function, reduced work productivity, and diminished
health-related quality of life. Furthermore, AR is
strongly associated with comorbid conditions
including allergic asthma, allergic conjunctivitis,
chronic rhinosinusitis, otitis media with effusion,
and atopic dermatitis, collectively constituting the
“atopic march.”

The global burden of AR has escalated substantially
over the past four decades, particularly in
industrialized nations, driven by environmental
factors including climate change, urbanization, air
pollution, and shifts in microbial exposure patterns.
The hygiene hypothesis and biodiversity hypotheses
offer partial explanatory frameworks for these
epidemiological trends, implicating reduced early-
life microbial diversity and increased sensitization
to environmental allergens.

The management of AR has evolved considerably,
transitioning from symptomatic palliation toward
disease-modifying strategies. The Allergic Rhinitis
and its Impact on Asthma (ARIA) guidelines, first
published in 2001 and periodically updated, have
been transformative in standardizing a stepwise,
evidence-based approach to AR management that
integrates allergen avoidance, pharmacotherapy,
and allergen immunotherapy. Despite these
advances, significant gaps remain in long-term
outcomes data, treatment adherence, precision
medicine implementation, and management in
vulnerable populations.

This comprehensive review synthesizes the current
body of evidence on AR, encompassing its
pathophysiology, epidemiology, clinical
presentation, diagnostic approaches, treatment
modalities, psychosocial impacts, special population
considerations, and emerging therapeutic frontiers.
The objective is to provide clinicians, researchers,
and healthcare decision-makers with an evidence-
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based, clinically relevant, and forward-looking
synthesis of the current state of AR knowledge and
management.

2. Definition and Historical Context
2.1 Definition of Allergic Rhinitis

Allergic rhinitis is formally defined as a
symptomatic disorder of the nasal mucosa induced
by IgE-mediated immunological inflammation
following allergen exposure. It is characterized by
the presence of one or more of the following
symptoms: nasal discharge (rhinorrhea), nasal
blockage or congestion, nasal itching (pruritus), and
sneezing. These symptoms are often accompanied
by ocular manifestations including conjunctival
itching, tearing, and redness—a combined
presentation known as allergic rhinoconjunctivitis.

The ARIA classification system categorizes AR
along two dimensions: duration and severity. By
duration, AR is classified as ‘intermittent’
(symptoms present less than 4 days per week or for
fewer than 4 consecutive weeks) or ‘persistent’
(symptoms present more than 4 days per week and
for more than 4 consecutive weeks). By severity, AR
is classified as ‘mild’ (normal sleep, no impairment
of daily activities, normal school/work performance,
no troublesome symptoms) or ‘moderate-to-severe’
(any one or more of: abnormal sleep, impairment of
daily activities, poor school or work performance, or
troublesome symptoms). This four-category ARIA
framework has largely supplanted the older
seasonal/perennial dichotomy, though the latter
terminologies persist in common clinical usage.

2.2 Historical Evolution of Understanding

The history of allergic rhinitis spans over two
millennia. Ancient Greek and Roman physicians
described nasal catarrh and hay fever-like
conditions, though their humoral explanations bore
little resemblance to modern immunological
understanding. The first systematic clinical
description is attributed to John Bostock, who in
1819 described his own case of “‘summer catarrh”—
characterizing periodic nasal and ocular symptoms
that he himself suffered—and who subsequently, in
1828, reported 28 similar cases in the medical
literature.

The term “hay fever”, popularized in the early
nineteenth century, reflected the contemporaneous
belief that the condition was triggered by the smell
of hay during summer harvests. In 1873, Charles
Blackley, a Manchester physician, conducted
landmark experiments demonstrating that pollen
grains, rather than hay dust or odor, were the
causative agents of summer catarrh. Blackley also
performed pioneering self-experimentation,
applying pollen to his nasal mucosa and conjunctiva
and documenting the resulting symptoms,
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effectively establishing allergen challenge as an
experimental paradigm.

The conceptual revolution in understanding AR
came with the discovery of the immune basis of
allergic reactions. In 1906, Clemens von Pirquet
introduced the term “allergy” (from the Greek allos:
other, and ergon: action) to describe altered
reactivity of the immune system upon re-exposure to
foreign substances. In 1921, Carl Prausnitz and
Heinz Kistner performed the pivotal passive
transfer experiment (the Prausnitz-Kustner or P-K
reaction), demonstrating the existence of a serum
factor responsible for hypersensitivity—Ilater
identified as reaginic antibody, or IgE.

The identification of IgE as the critical
immunoglobulin mediating immediate
hypersensitivity ~ reactions ~ was achieved
independently and simultaneously by Kimishige
Ishizaka and Teruko Ishizaka in the United States,
and by S.G.O. Johansson and Hans Bennich in
Sweden, in 1967-1968. This discovery transformed
the conceptual framework of allergic disease and
laid the foundation for modern diagnostic
approaches, including serum-specific IgE testing
(RAST, later replaced by fluorescent enzyme
immunoassay platforms) and skin-prick testing.

Subsequent decades brought refinements in
understanding the cellular and molecular
mechanisms of AR, including elucidation of the
roles of mast cells, basophils, eosinophils, T helper
2 (Th2) lymphocytes, and cytokines such as
interleukin-4 (IL-4), IL-5, and I1L-13 in orchestrating
the allergic inflammatory response. The ARIA
project, launched by the World Health Organization
and first published in 2001, represented the
culmination of this evolving knowledge by
providing a comprehensive, evidence-based, and
globally applicable framework for AR diagnosis and
management.

3.  Pathophysiology and
Mechanisms

Immunological

3.1 Sensitization Phase

The immunopathogenesis of AR unfolds in two
temporally distinct phases: sensitization and
elicitation. During the sensitization phase, initial
exposure to an allergen in a genetically predisposed
individual triggers allergen processing by antigen-
presenting cells (APCs)—principally dendritic cells
in the nasal mucosa. Dendritic cells phagocytose,
process, and present allergen-derived peptide
fragments on major histocompatibility complex
(MHC) class Il molecules to naive T lymphocytes in
regional lymph nodes.

In the context of a Th2-polarizing cytokine milieu—
driven by epithelial alarmins such as thymic stromal
lymphopoietin (TSLP), IL-25, and IL-33—naive T
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cells differentiate into Th2 effector cells. These Th2
cells produce characteristic cytokines: I1L-4 and IL-
13 drive immunoglobulin class switching in B cells
to produce IgE, while IL-5 promotes eosinophil
differentiation, survival, and recruitment. The
allergen-specific IgE antibodies produced bind with
high affinity to FceRI receptors on mast cells and
basophils in the nasal mucosa, effectively arming
these effector cells for subsequent allergen
encounters.

3.2 Immediate and Late-Phase Reactions

Upon re-exposure to the sensitizing allergen, cross-
linking of surface-bound IgE molecules by allergen
triggers rapid degranulation of mast cells and
basophils within minutes—the immediate-phase
reaction (IPR). Degranulation releases preformed
mediators including histamine, tryptase, chymase,
and heparin, as well as newly synthesized lipid
mediators (prostaglandins, leukotrienes, platelet-
activating factor). Histamine acts on H1 receptors in
the nasal mucosa to cause sneezing, rhinorrhea, and
pruritus, and on H1/H2 receptors in nasal
vasculature to produce vasodilatation and plasma
exudation contributing to congestion.

The late-phase reaction (LPR), occurring 4-8 hours
after allergen exposure, is characterized by the
recruitment and activation of eosinophils, basophils,
neutrophils, and CD4+ T lymphocytes to the nasal
mucosa, driven by chemokines (eotaxin,
RANTES/CCL5, IL-8) and adhesion molecule
upregulation on vascular endothelium (E-selectin,
VCAM-1, ICAM-1). The LPR manifests clinically
as persistent nasal congestion and contributes to the
priming of the nasal mucosa, increasing
responsiveness to subsequent allergen and non-
specific stimuli—a phenomenon known as nasal
hyperreactivity.

3.3 Neurogenic Mechanisms and Nasal
Hyperreactivity

Neurogenic mechanisms play an important role in
AR pathophysiology. Sensory nerve fibers in the
nasal mucosa—primarily C-fibers and A-delta
fibers—are sensitized by inflammatory mediators,
lowering the threshold for activation by allergens,
irritants, and physical stimuli. Neuropeptide release
(substance P, neurokinin A, calcitonin gene-related
peptide) from activated sensory fibers amplifies the
local inflammatory response through neurogenic
inflammation.  Additionally,  parasympathetic
activation contributes to hypersecretion via
muscarinic receptors on submucosal glands, while
sympathetic dysregulation contributes to nasal
congestion.

3.4 Genetic and Epigenetic Factors

The heritability of AR is estimated at 33-91% based
on twin studies, underscoring the strong genetic
component. Multiple susceptibility loci have been
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identified through genome-wide association studies
(GWAS), including genes involved in epithelial
barrier function (FLG, encoding filaggrin), cytokine
signaling pathways (IL-4, I1L-13, IL-33, TSLP), and
immune regulation. However, genetic
predisposition alone is insufficient to produce AR;
gene-environment interactions are essential.
Epigenetic mechanisms—including DNA
methylation changes, histone modifications, and
non-coding RNA regulation—mediate the interface
between genetic susceptibility and environmental
exposures, explaining in part why AR prevalence
has increased so rapidly relative to the pace of
genetic change.

4. Epidemiology and Risk Factors
4.1 Prevalence and Global Burden

Allergic rhinitis is among the most prevalent chronic
conditions worldwide, with global estimates ranging
from 10-40% of the general population, depending
on the geographic region, definition applied, and
diagnostic methodology. Prevalence is highest in
developed nations, with rates approaching 30—40%
in parts of Western Europe, North America, and
Australasia, and somewhat lower but rapidly
increasing rates in rapidly industrializing Asian and
Latin American countries. The International Study
of Asthma and Allergies in Childhood (ISAAC) and
the Global Burden of Disease studies have
documented significant geographic heterogeneity in
AR prevalence and have tracked the epidemic-scale
rise in allergic disease burden over the past 40 years.

In terms of economic burden, AR imposes
substantial  direct costs  (physician  visits,
medications, emergency care) and indirect costs
(absenteeism, presenteeism, reduced productivity,
caregiver burden). United States estimates place the
annual direct cost of AR at approximately $3.4
billion, while indirect costs attributed to lost
productivity may exceed $9 hillion annually.

4.2 Risk Factors

Risk factors for AR span genetic, environmental,
and lifestyle domains:

« Atopic family history: The strongest
individual risk factor; having one atopic
parent increases AR risk approximately
twofold, while having two atopic parents
increases risk fourfold.

« Early allergen sensitization: Sensitization
to aeroallergens during infancy and early
childhood—particularly to house dust mite,
cockroach, and pet allergens—is a strong
predictor of subsequent AR development.

*  Aeroallergen exposure: Perennial allergens
(house dust mite, pet dander, mold,
cockroach) and seasonal allergens (tree,
grass, and weed pollens) constitute the
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primary etiologic triggers. The allergen
load in the indoor environment has
increased substantially due to modern
building design (reduced ventilation,
carpeting, upholstered furniture).

+ Air pollution: Exposure to particulate
matter (PM2.5, PM10), nitrogen dioxide,
ozone, and diesel exhaust particles
enhances allergen penetration of the nasal
epithelium, acts as an adjuvant for IgE
sensitization, and directly irritates nasal
mucosa.

+ Climate change: Rising  ambient
temperatures and increasing atmospheric
CO2 concentration prolong pollen seasons,
increase pollen production per plant, and
alter pollen allergenicity—contributing to
the epidemiological escalation of seasonal
AR.

* Reduced microbial diversity: The hygiene
hypothesis posits that reduced early-life
exposure to microbial antigens (reflecting
improved sanitation, increased antibiotic
use, reduced family size, urban living)
leads to insufficient Thl immune
stimulation and excessive Th2 polarization,
predisposing to atopy.

« Dietary factors: Western dietary patterns
high in processed foods and low in fresh
fruit, vegetables, and omega-3 fatty acids
have been associated with increased atopic
risk, potentially mediated through effects
on gut microbiome diversity and systemic
inflammation.

»  Occupational exposures: Specific
occupational allergens (laboratory animal
allergens, flour dust, latex, isocyanates)
can trigger occupational AR and represent
an important and often underrecognized
etiology.

5. Clinical Presentation and Diagnosis
5.1 Cardinal Symptoms

The clinical presentation of AR is dominated by the
four cardinal nasal symptoms attributable to
histamine and other mediator release: nasal pruritus
(itching), sneezing (typically paroxysmal, with
bouts of multiple consecutive sneezes), anterior
rhinorrhea (watery or mucoid nasal discharge), and
nasal obstruction/congestion. Additional features
include postnasal drip, anosmia or hyposmia, cough,
and ear pressure or fullness due to Eustachian tube
dysfunction. Ocular symptoms—Dbilateral
conjunctival itching, tearing, and redness—are
present in up to 75% of AR patients, constituting
allergic rhinoconjunctivitis.
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Physical examination may reveal the ‘allergic
salute’ (upward rubbing of the nose with the palm),
‘allergic shiners’ (periorbital darkening from venous
congestion), nasal crease from habitual rubbing,
pale or bluish-gray and edematous nasal turbinate
mucosa, and clear nasal secretions. The presence of
nasal polyps, mucopurulent discharge, or unilateral
symptoms should prompt consideration of comorbid
or alternative diagnoses.

5.2 Diagnostic Approach

The diagnosis of AR is primarily clinical, based on
a characteristic history of allergen-associated nasal
symptoms and confirmed by demonstration of
allergen  sensitization.  Sensitization  testing
modalities include:

e Skin Prick Testing (SPT): The gold
standard for IgE-mediated allergen
sensitization, characterized by high
sensitivity and specificity, immediate
results, low cost, and ability to test multiple
allergens simultaneously. A  positive
response is defined as a wheal >3 mm
greater than the negative saline control.

* Serum Allergen-Specific IgE (sIgE)
Testing: Indicated when SPT s
contraindicated (severe eczema,
dermographism, inability to discontinue
antihistamines, risk of systemic reaction)
or when precise quantification is required.
Modern platforms (ImmunoCAP, ISAC
component-resolved  diagnostics) offer
high sensitivity and enable molecular
allergology with identification of cross-
reactive components.

* Nasal Provocation Testing (NPT): The
most clinically relevant test, directly

Allergen
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assessing nasal reactivity to a specific
allergen; primarily used in research settings
and in cases of diagnostic uncertainty or
local allergic rhinitis.

 Nasal Cytology: Identification of
eosinophilic infiltration in nasal lavage or
smear supports an allergic (or eosinophilic
non-allergic) etiology but is not routinely
employed in clinical practice.

Local allergic rhinitis (LAR), a relatively recently
characterized entity, is defined by a positive nasal
provocation test in the absence of systemic atopy
(negative SPT and slIgE), attributable to localized
IgE production in the nasal mucosa. LAR may
account for a substantial proportion of patients
previously labeled as having non-allergic rhinitis,
and its recognition has clinical implications for
immunotherapy selection.

6. Components of Allergic Rhinitis Management

Contemporary AR management follows a stepwise,
integrated approach based on symptom severity and
patient-specific factors. The core components
encompass allergen avoidance and environmental
control,  pharmacological  therapy, allergen
immunotherapy, and patient education and self-
management.

6.1 Allergen Identification and Avoidance

Identification of causative allergens through clinical
history, SPT, or sIgE testing is the first step in AR
management, as it enables targeted avoidance
strategies and guides immunotherapy selection.
While complete allergen avoidance is rarely
achievable for aeroallergens, evidence-based
measures can meaningfully reduce exposure and
symptom burden.

Recommended Avoidance Strategies

Allergen-impermeable mattress and pillow encasements; hot washing of bedding

House Dust Mite

(260°C) weekly; relative humidity <50%; HEPA-filtered vacuum cleaners; removal
of carpets and soft furnishings

Removal of pet from home (most effective); if not possible: exclude pet from

Pet Allergens

bedroom, use HEPA air purifiers, frequent cleaning; note that pet allergens persist in

homes for months after removal

Monitor pollen counts (local meteorological services, apps); limit outdoor exposure
Pollen during peak pollen times (morning, warm dry windy days); use air conditioning in
vehicles and buildings; shower and change clothes after outdoor exposure

Fix water leaks and dampness promptly; use dehumidifiers (<50% humidity); clean

Mold Spores

visible mold with appropriate fungicidal agents; improve ventilation in bathrooms and

kitchens; avoid leaf litter and compost heaps

Seal cracks and entry points; use bait and trap rather than spray insecticides; store

Cockroach
programs

food in sealed containers; maintain Kitchen cleanliness; integrated pest management
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The evidence base for individual avoidance
measures is variable. Multi-faceted, tailored home
environmental interventions targeting house dust
mite have demonstrated meaningful symptom
reduction in controlled studies; single-measure
interventions show weaker evidence. Pollen
avoidance is often impractical but may reduce
symptom burden in severe cases.

6.2 Pharmacological Management
6.2.1 Intranasal Corticosteroids (INCs)

Intranasal corticosteroids are recognized as the most
effective pharmacological therapy for all symptoms
of moderate-to-severe AR, including nasal
congestion—an effect not shared by antihistamines.
Available  agents  include  beclomethasone
dipropionate, budesonide, ciclesonide, flunisolide,

Clinical Pearl — Intranasal Corticosteroids
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fluticasone  furoate, fluticasone  propionate,
mometasone furoate, and triamcinolone acetonide.
Differences in systemic bioavailability (lowest for
fluticasone furoate and mometasone furoate), first-
pass metabolism, and anti-inflammatory potency
distinguish agents within this class.

The efficacy of INCs is attributable to multiple
mechanisms: glucocorticoid receptors in nasal
mucosal cells, when activated by corticosteroids,
suppress  transcription  of  pro-inflammatory
cytokines  (IL-4, IL-5, IL-13, GM-CSF),
chemokines, and adhesion molecules; reduce mast
cell, eosinophil, and basophil numbers in nasal
mucosa; and decrease vascular permeability. INCs
require several days of regular use to achieve
maximal efficacy, and patients should be counselled
to use them regularly rather than as needed.

INCs are recommended as first-line therapy for moderate-to-severe AR by ARIA, EAACI, and AAAAI guidelines.
Regular (not as-needed) use is essential for optimal efficacy. When comparing available agents, fluticasone furoate
and mometasone furoate have the lowest systemic bioavailability, supporting their preferential use in children and
patients requiring long-term therapy. Local side effects (nasal dryness, epistaxis) occur in 5-10% of users and can
be minimized by proper administration technique (directing spray laterally, away from the nasal septum) and by

using aqueous over aerosol formulations.

6
.2.2 Antihistamines

Hl-antihistamines are the most widely used
pharmacological agents for AR, exerting their
effects through inverse agonism at histamine H1
receptors. Second-generation (non-sedating)
antihistamines are strongly preferred over first-
generation agents due to their superior safety
profile—particularly the absence of significant CNS
sedation, anticholinergic effects, and cognitive
impairment  associated with  first-generation
compounds (chlorpheniramine, diphenhydramine).
Second-generation  agents include cetirizine,
levocetirizine, loratadine, desloratadine,
fexofenadine, rupatadine, and bilastine.

Antihistamines are highly effective for sneezing,
rhinorrhea, pruritus, and ocular symptoms, but are
less effective for nasal congestion than INCs. They
are particularly suited for mild AR, intermittent
symptoms, and as add-on therapy when INCs alone
are insufficient. Azelastine nasal spray and
olopatadine  nasal spray provide topical
antihistaminic effects with rapid onset and the
additional advantage of direct nasal delivery.

Combined intranasal azelastine/fluticasone
propionate (marketed as Dymista/Ryaltris) has
demonstrated superior efficacy compared to either
agent alone in head-to-head trials, representing a
therapeutically rational fixed-dose combination for
patients with inadequately controlled moderate-to-
severe AR.

6.2.3 Leukotriene Receptor Antagonists
(LTRAS)

Leukotriene receptor antagonists, specifically
montelukast and zafirlukast, block the actions of
cysteinyl leukotrienes (LTC4, LTD4, LTE4) at
CysLT1 receptors in nasal tissue. Leukotrienes are
potent inflammatory mediators synthesized from
arachidonic acid by mast cells and eosinophils, and
are particularly important in the late-phase response
and nasal congestion. LTRAs demonstrate modest
efficacy for AR symptoms, generally inferior to
INCs and comparable to or slightly less effective
than antihistamines, but may provide additive
benefit in combination therapy.

Montelukast holds particular value in patients with
concomitant asthma and AR (the ‘united airway’
concept), treating both conditions simultaneously. A
notable regulatory consideration: the FDA issued a
boxed warning for montelukast in 2020 regarding
serious neuropsychiatric events (agitation, anxiety,
depression, suicidal ideation), recommending
restriction to patients who have not responded
adequately to alternative therapies.

6.2.4 Decongestants

Oral and topical alpha-adrenergic agonists reduce
nasal congestion through vasoconstriction of nasal
mucosa  vasculature.  Topical decongestants
(oxymetazoline, xylometazoline) provide rapid and
potent nasal decongestion but are restricted to short-
term use (<5-7 days) to avoid rhinitis
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medicamentosa—a rebound nasal congestion
syndrome resulting from tachyphylaxis and mucosal
inflammation associated with prolonged use. Oral
decongestants (pseudoephedrine, phenylephrine)
lack the rhinitis medicamentosa risk but carry
systemic adrenergic adverse effects including
hypertension, palpitations, insomnia, and CNS
stimulation, and are contraindicated in hypertension,
coronary artery disease, hyperthyroidism, closed-
angle glaucoma, and in patients taking monoamine
oxidase inhibitors.

6.2.5 Intranasal Anticholinergics

Ipratropium bromide nasal spray acts via muscarinic
receptor antagonism to reduce parasympathetically
mediated glandular hypersecretion. It is effective for
rhinorrhea but has no effect on sneezing, congestion,
or pruritus. Its clinical utility is therefore primarily
in patients with predominant watery rhinorrhea,
including non-allergic (vasomotor) rhinitis, though
it may be used as adjunctive therapy in AR with
marked rhinorrhea.

6.2.6 Intranasal Cromones

Sodium cromoglicate (cromolyn sodium) nasal
spray acts as a mast cell stabilizer, preventing
mediator release upon allergen challenge. It is safe
and well-tolerated but substantially less effective
than INCs. Its clinical role in AR management has
diminished considerably with the availability of
more effective agents, though it may still be used
when other treatments are contraindicated or in
young children due to its excellent safety profile.

6.2.7 Systemic Corticosteroids

Oral or parenteral corticosteroids provide highly
effective but short-term control of severe, treatment-
refractory AR. Their use should be limited to short
courses (typically 5-10 days) given the well-
characterized risks of systemic corticosteroid
therapy including hypothalamic-pituitary-adrenal
axis suppression, osteoporosis, hyperglycemia,
immunosuppression, and cardiovascular effects.
Intramuscular ~ depot  corticosteroids  (e.g.,
triamcinolone acetonide) are used in some clinical
settings for persistent AR but are generally
discouraged in favor of safer alternatives due to their
unpredictable systemic absorption and cumulative
adverse effects.

6.3 Allergen Immunotherapy

Allergen immunotherapy (AIT) is the only currently
available disease-modifying treatment for AR,
capable of altering the natural history of the disease
by inducing sustained clinical tolerance to specific
allergens, preventing sensitization to new allergens,
and reducing the risk of progression from AR to
asthma. AIT is indicated for patients with moderate-
to-severe AR that is inadequately controlled by
pharmacotherapy, particularly when allergen
avoidance is not feasible, when medications cause
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unacceptable side effects, or when long-term cost
considerations  favor ~ AIT  over  chronic
pharmacotherapy.

6.3.1 Subcutaneous Immunotherapy (SCIT)

Subcutaneous  immunotherapy  (SCIT), the
traditional ‘allergy shot’, involves incremental
subcutaneous injections of standardized allergen
extracts over a build-up phase (typically weekly
injections over 3-6 months) followed by a
maintenance phase (monthly injections for 3-5
years). SCIT has a robust evidence base from
multiple high-quality randomized controlled trials
and meta-analyses demonstrating significant
reductions in symptom scores, medication use, and
improvements in quality of life.

The immunological mechanisms of AIT include:
induction of allergen-specific regulatory T cells
(Tregs)  producing  IL-10 and  TGF-p;
immunoglobulin class switching from IgE to IgG4
(blocking antibodies); reduction in mast cell and
basophil reactivity; shift from Th2 to Thl cytokine
profile; and induction of B regulatory cells. The risk
of systemic allergic reactions, including
anaphylaxis, necessitates SCIT administration in a
medical facility with trained personnel and
emergency equipment available, with a 20-30-
minute observation period post-injection.

6.3.2 Sublingual Immunotherapy (SLIT)

Sublingual immunotherapy (SLIT), administered as
allergen tablets or drops dissolved under the tongue,
offers the significant advantage of home self-
administration—dramatically improving patient
convenience and adherence compared to SCIT.
SLIT tablets for grass pollen (Grazax®, Oralair®),
house dust mite (Acarizax®/Odactra®), and tree
pollen have achieved regulatory approval in Europe
and/or the United States based on well-conducted
Phase 111 clinical trials.

SLIT tablets are recommended to be initiated
approximately 4 months before the relevant pollen
season in seasonal AR and maintained for 3 years
for sustained post-treatment benefits. Comparative
meta-analyses indicate that SLIT tablets are
generally less efficacious than SCIT on a per-patient
basis but offer a substantially better safety profile,
with serious systemic reactions being extremely
rare. SLIT drops (commercially available in Europe
but not FDA-approved in the United States) show
greater variability in evidence quality and
standardization compared to SLIT tablets.

6.3.3 Emerging Immunotherapy Approaches

Novel AIT formulations and routes are under active
investigation, including: intralymphatic
immunotherapy (ILIT), which achieves efficacy
with markedly fewer injections (3 injections over 2
months) by direct delivery to lymph nodes;
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epicutaneous immunotherapy (EPIT); and modified
allergen preparations (allergoids, conjugated with
TLR ligands as adjuvants) designed to enhance
immunogenicity while reducing allergenic potential.
These approaches may offer improved adherence,
shortened treatment courses, and enhanced safety
profiles.

6.4 Emerging Biologic Therapies

The success of targeted biologic therapies in severe
atopic dermatitis and eosinophilic asthma has
stimulated investigation of similar approaches in
severe AR. Dupilumab, a fully human monoclonal
antibody targeting the IL-4 receptor alpha subunit
(blocking both IL-4 and IL-13 signaling), was
approved by the FDA in 2024 for chronic
rhinosinusitis with nasal polyps (CRSwNP), a
condition frequently comorbid with AR. Emerging
evidence supports its efficacy in refractory AR
patients who fail standard pharmacotherapy and
AIT.

Omalizumab, an anti-IgE monoclonal antibody, has
demonstrated efficacy in reducing AR symptoms
and may serve as adjunctive therapy for AIT by
enabling faster build-up and higher maintenance

Intervention ARIA
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doses in patients at high risk of anaphylaxis.
Mepolizumab and benralizumab (anti-IL-5 and anti-
IL-5 receptor agents, respectively) are under
investigation for eosinophilic AR. Tezepelumab,
targeting upstream TSLP signaling, represents a
potentially broad approach applicable across atopic
endotypes. However, the high cost of biologic
therapies, requirement for parenteral administration,
and limited long-term data currently restrict their use
to highly selected, refractory AR patients.

7. Evidence Base and Efficacy of Management
Strategies

7.1 Hierarchy of Evidence and Guideline
Recommendations

The evidence base underpinning AR management
recommendations  varies  substantially across
intervention categories. The ARIA 2020 update
employed the Grading of Recommendations
Assessment,  Development and  Evaluation
(GRADE) methodology to evaluate evidence quality
and generate conditional or strong recommendations
for each intervention. This approach explicitly
distinguishes between the quality of evidence
(certainty) and the strength of recommendations.

Evidence Level Summary

Recommendation

Intranasal Corticosteroids Strong
Oral 2nd-gen Antihistamines Strong
Intranasal Antihistamines Strong

INCS + Antihistamine

Combination Clomelfere]
Leukotrl_ene Receptor Conditional
Antagonists

SCIT Strong
SLIT Tablets Strong
Allergen Avoidance -
(multifaceted) Conditional
Biologic Therapy Emerging

(dupilumab)

Multiple RCTs; superior to antihistamines for all
symptoms including congestion; meta-analysis
confirms consistent efficacy

Robust RCT evidence; rapid onset; effective for
sneezing, rhinorrhea, pruritus; less effective for
congestion

RCT evidence supports comparable or superior
efficacy to oral antihistamines with more rapid onset

Superior to monotherapy in head-to-head trials;
fixed-dose combination (azelastine/fluticasone)
preferred for adherence

Modest efficacy; inferior to INCs; additive value in
asthma-AR comorbidity; use limited by
neuropsychiatric warning

Extensive meta-analytic evidence; disease-
modifying; 3-year benefit post-treatment; must be
administered in clinic

Phase 11 RCT evidence for approved allergens; home
administration; lower systemic reaction risk than
SCIT

Multifaceted interventions show benefit; single-
measure approaches have inconsistent evidence

Approved for CRSWNP; emerging data for AR;
limited long-term evidence; high cost restricts access
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7.2 Stepwise Management Approach

The ARIA guidelines advocate a stepwise approach
to AR pharmacotherapy, calibrated to symptom
severity and response to treatment. For mild
intermittent AR, an oral non-sedating antihistamine
or intranasal antihistamine is recommended as first-
line therapy. For moderate-to-severe AR or when
symptoms are not controlled by antihistamines
alone, intranasal corticosteroids are recommended,
either as monotherapy or in combination with an
oral antihistamine. If INCs at adequate doses for 2—
4 weeks fail to control symptoms, combination
therapy (INC plus oral or intranasal antihistamine),
addition of LTRA (particularly with comorbid
asthma), or referral for allergen immunotherapy
should be considered.

The concept of ‘real-world effectiveness’ is
increasingly recognized as distinct from efficacy
demonstrated in controlled trial settings, where
patient selection, adherence monitoring, and clinic
supervision may not reflect typical clinical practice.
Patient adherence to pharmacotherapy is a major
determinant of real-world effectiveness, with
surveys consistently documenting high rates of non-
adherence to INCs even among patients with
moderate-to-severe AR.

8. Psychosocial and Environmental Influences
8.1 Quality of Life Impact

The psychosocial burden of AR is profound and
consistently underestimated relative to its clinical
significance. AR impairs virtually every domain of
health-related quality of life (HRQoL) measured by
validated instruments including the
Rhinoconjunctivitis Quality of Life Questionnaire
(RQLQ), the Short Form-36 (SF-36), and disease-
specific measures. The primary domains affected
include:

» Sleep disturbance: Nasal congestion is the
symptom most directly responsible for sleep
impairment in AR patients. Congestion
causes increased nasal airflow resistance,
promotes mouth breathing, and is associated
with sleep-disordered breathing including
snoring and obstructive sleep apnea. Studies
using polysomnography have documented
increased arousals, reduced slow-wave sleep,
and reduced REM sleep in patients with AR,
particularly during allergen seasons.

»  Cognitive impairment and daytime fatigue:
AR-associated sleep disruption translates into
significant  daytime  fatigue, reduced
alertness, and impaired cognitive function—
including deficits in memory consolidation,
reaction time, and sustained attention. These
effects are further compounded by the
sedating and anticholinergic properties of
first-generation antihistamines, which impair
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psychomotor performance and represent a
significant safety concern, particularly for
driving.

* Reduced work and academic performance:
Population-based studies have documented
significant associations between AR and
reduced occupational productivity
(presenteeism), increased absenteeism, and
impaired academic performance in students.
AR exacerbations during examination
periods (which coincide with peak pollen
season in many countries) may measurably
impact educational outcomes.

« Emotional and psychological wellbeing:
Chronic AR is associated with increased rates
of anxiety and depressive symptoms, reduced
social participation, and stigmatization. The
chronicity of the condition, unpredictability
of exacerbations, perceived treatment
inadequacy, and impact on social activities
collectively contribute to psychological
burden.

* Financial burden: Direct costs for
prescription and over-the-counter
medications, physician visits, and specialist
consultations impose a substantial financial
burden on patients and families, particularly
in healthcare systems with high out-of-pocket
costs.

8.2 Environmental and Lifestyle Factors

Beyond the primary allergenic exposures, numerous
environmental and lifestyle factors modulate AR
severity and control. Indoor air quality—influenced
by ventilation rates, tobacco smoke exposure,
volatile organic compounds (VOCSs) from building
materials and furnishings, combustion products, and
pet allergens—profoundly impacts symptom
burden. Outdoor air pollution, particularly PM2.5
and ozone, has been shown to synergistically
increase nasal symptoms in AR patients during high-
pollution periods.

Psychosocial stress has been associated with
dysregulation of the neuroendocrine-immune axis in
AR, with elevated cortisol from chronic stress
potentially impairing the anti-inflammatory
response and worsening symptom perception. Sleep
deprivation itself may worsen AR control through
immune dysregulation. Dietary patterns, exercise,
and body weight (with obesity independently
associated with increased AR prevalence and
severity) represent lifestyle factors with modifiable
potential.

9. Measurement and Assessment
9.1 Symptom Assessment Instruments
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Standardized, validated outcome measures are research settings. The most widely used instruments
essential for consistent evaluation of AR severity are:
and treatment response in both clinical practice and

Instrument Domain Description and Application

Four-item score assessing nasal congestion, rhinorrhea, nasal

Total Nasal Symptom pruritus, and sneezing on a 0—3 Likert scale (O=absent to

Score (TNSS) S 3=severe); maximum 12 points; the primary endpoint in most
AR pharmacotherapy trials
Total Ocular Symptom Three-item score assessing ocular pruritus, tearing, and redness;
ymp Symptoms typically reported alongside TNSS in trials of

Score (TOSS) rhinoconjunctivitis

28-item questionnaire across 7 domains (activity limitation,
sleep, non-nasal/non-ocular symptoms, practical problems, nasal
symptoms, ocular symptoms, emotional); 0-6 scale; MCID =
0.5 points; available as standard (RQLQ), mini (MiniRQLQ),
and adolescent versions

Rhinoconjunctivitis
Quiality of Life QoL
Questionnaire (RQLQ)

100 mm horizontal scale (0=not troublesome to 100=extremely
troublesome) for global AR symptom assessment; used in ARIA
classification (mild <50 mm, moderate-severe >50 mm); simple
to administer, high responsiveness

Visual Analogue Scale

(VAS) Symptoms/QoL

Nasal Obstruction Five-item scale specifically for nasal obstruction; useful when
Symptom Evaluation Congestion congestion is the primary complaint or when evaluating surgical
(NOSE) outcomes

Allergic Rhinitis Control
Test (ARCT)

Work Productivity and

Activity Impairment Productivity

Six-item questionnaire assessing AR control; analogous to the
Control Asthma Control Test; validated in multiple languages; useful for
monitoring treatment response in clinical practice

Assesses absenteeism, presenteeism, and activity impairment
due to AR; important for economic burden analyses and indirect

(WPAI) cost calculations

9.2 Objective Assessment Methods

Beyond symptom  questionnaires, objective
measures of nasal function and airway physiology
provide complementary information. Acoustic
rhinometry measures nasal cavity dimensions and
cross-sectional area, while rhinomanometry
quantifies nasal airflow resistance during breathing.
Peak nasal inspiratory flow (PNIF), using a simple
hand-held device, provides a low-cost and clinically
practical measure of nasal patency. Nasal nitric
oxide (NNO) measurement is a marker of airway
inflammation, though its clinical application in AR
is more limited than in primary ciliary dyskinesia
diagnostics.

10. Allergic Rhinitis in Special Populations
10.1 Children and Adolescents

AR affects approximately 15-20% of school-aged
children and is the most common chronic nasal
condition in  pediatric  populations.  The
consequences of AR in children extend beyond nasal
symptoms to include impaired sleep, daytime
fatigue, attention deficit and reduced academic
performance, increased school absenteeism, and

exacerbation of comorbid asthma. The accurate
diagnosis of AR in young children may be
challenging due to the frequency of recurrent viral
upper respiratory tract infections, frequent
physiological nasal obstruction, and the limited
ability of very young children to describe and
guantify symptoms.

Management considerations in pediatric AR differ
from adults in several respects. Intranasal
corticosteroids remain the most effective treatment;
mometasone furoate and fluticasone furoate are
approved for children as young as 2 years of age due
to their low systemic bioavailability. Second-
generation antihistamines (cetirizine from age 2,
loratadine from age 2, fexofenadine from age 6) are
appropriate and safe alternatives. First-generation
antihistamines should be avoided in children due to
paradoxical excitability, sedation affecting school
performance, and safety concerns. Oral
decongestants are contraindicated in children under
12 years. AIT, particularly SLIT tablets, is
increasingly used in children and has been shown to
reduce the risk of developing new allergen
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sensitizations and asthma—an important preventive
benefit.

10.2 Elderly Patients

AR in elderly patients presents unique diagnostic
and therapeutic challenges. While sensitization rates
may be somewhat lower than in younger adults (as
IgE production may decline with age), AR remains
prevalent in older populations. The differential
diagnosis is more complex, as non-allergic rhinitis
(vasomotor rhinitis, rhinitis medicamentosa, drug-
induced rhinitis) is more prevalent in elderly
individuals, and structural changes (nasal septal
deviation, turbinate hypertrophy) are common.

Pharmacological management requires particular
caution in elderly patients. First-generation
antihistamines are listed in the Beers Criteria as
potentially inappropriate medications for older
adults due to their anticholinergic effects (urinary
retention, constipation, cognitive impairment, falls
risk, acute confusional states) and should be strictly
avoided. Second-generation antihistamines are
generally safe, though cetirizine has mild sedating
properties.  Decongestants  carry  increased
cardiovascular risk (hypertension, arrhythmia,
urinary retention in men with benign prostatic
hypertrophy) in elderly patients. INCs remain safe
and effective in elderly patients and are the preferred
first-line therapy. Drug interactions, polypharmacy,
swallowing difficulties with oral medications, and
cognitive barriers to proper nasal spray technique
require consideration.

10.3 Pregnant Women

AR is common in pregnancy, affecting
approximately 20-30% of pregnant women, and
may be exacerbated by elevated estrogen levels
causing nasal vascular congestion—a condition
termed rhinitis of pregnancy (gestational rhinitis),
which may be superimposed on pre-existing AR.
The management of AR in pregnancy must balance
symptom control with fetal safety, and the choice of
agents is guided by available safety data.

Intranasal corticosteroids are considered relatively
safe in pregnancy; budesonide has the most
extensive safety data from reproductive registries
and is generally recommended as first-line INC in
pregnancy. Sodium cromoglicate nasal spray is
considered very safe in pregnancy. Oral loratadine
and cetirizine are the preferred antihistamines in
pregnancy based on reassuring registry data.
Intranasal decongestants should be avoided,
particularly in the first trimester; oral
pseudoephedrine should be used cautiously due to
associations with abdominal wall defects in the first
trimester. AIT may be continued during pregnancy
if the patient was on maintenance doses before
conception and is tolerating it well, but initiating

Saipawan R Adepu et al

ISSN 2349-7750

AIT during pregnancy is contraindicated due to the
risk of systemic reactions.

10.4 Occupational Allergic Rhinitis

Occupational allergic rhinitis (OAR) is defined as
AR caused by sensitization to specific allergens
encountered in  the workplace.  High-risk
occupational groups include laboratory animal
workers (rodent urinary proteins), bakery and food
processing workers (flour, grain dusts), healthcare
workers  (latex, disinfectants),  hairdressers
(persulfate hair bleaches), woodworkers (wood
dusts), and workers in the electronics,
pharmaceutical, and chemical industries. OAR
represents an  important and  frequently
underdiagnosed  condition  with  significant
implications for occupational health, workers’
compensation, and disability.

Management of OAR requires both medical
(pharmacotherapy, AIT where available) and
occupational interventions. Reduction of workplace
allergen exposure through engineering controls
(ventilation, dust suppression), administrative
controls (job rotation), and personal protective
equipment (masks, gloves) is essential. In severe
cases, job relocation may be necessary. Failure to
address the occupational exposure component
typically leads to progressive sensitization,
continued disease, and eventual development of
occupational asthma.

10.5 Patients with Comorbid Asthma

The coexistence of AR and asthma is the norm rather
than the exception: approximately 80% of asthmatic
patients have AR, and 20-40% of AR patients have
asthma, reflecting the concept of the ‘unified
airway.” This concept holds that upper and lower
airway inflammation constitute components of a
single systemic inflammatory disorder, with nasal
inflammation contributing to lower airway disease
through several mechanisms: post-nasal drip
aspirating inflammatory mediators to the lower
airways, nasal obstruction promoting mouth
breathing that bypasses the filtering and
humidifying functions of the nose, and systemic
release of inflammatory mediators from nasal tissue.

Management of AR in asthmatic patients should be
integrated with asthma management. Optimal AR
control improves asthma outcomes, reducing
exacerbations, emergency department visits, and
healthcare utilization. INCs are particularly valuable
as they treat both conditions simultaneously when
asthma inhalation devices are combined with nasal
delivery. LTRAS provide additive benefit in asthma-
AR comorbidity. AIT is strongly supported in this
population for its capacity to reduce both AR and
asthma symptoms and its potential preventive effect
on asthma development in AR patients.




IAJPS 2026, 13 (04), 69-83

11. Limitations of Current Research and Clinical
Challenges

11.1 Evidence Limitations

Despite the substantial body of evidence supporting
current AR management recommendations,
important limitations in the existing research must
be acknowledged. Many landmark clinical trials
were conducted in highly selected patient
populations under tightly controlled conditions that
may not reflect the heterogeneity of real-world
clinical practice. Placebo response rates in AR trials
are typically high (20-40%), complicating
interpretation of treatment effect sizes. The choice
of outcome measures is inconsistent across trials,
limiting direct comparisons and meta-analytic
synthesis.

Long-term data beyond 3-5 years for most
pharmacological therapies are limited, as are data on
the optimal duration of INC or antihistamine therapy
in persistent AR. The lack of comparative
effectiveness trials—directly comparing one active
treatment to another rather than to placebo—creates
uncertainty in treatment selection decisions. For
AIT, the optimal dose, treatment duration, and post-
treatment maintenance  strategies  remain
incompletely defined.

11.2 Patient Adherence Challenges

Non-adherence to prescribed AR therapy is one of
the most significant barriers to effective disease
management. Studies in primary care settings
consistently document that fewer than 50% of
patients prescribed INC therapy remain adherent
beyond 3 months. Barriers to adherence include:
inadequate patient education about the mechanism
and expected onset of action of INCs; concerns
about steroid-related side effects; cosmetic issues
with nasal sprays; difficulties with inhaler
technique; polypharmacy burden; cost of
medications; and the cyclical nature of seasonal AR
which leads to treatment discontinuation during
symptom remission.

11.3 Individual Variability in Treatment
Response

Substantial inter-individual variability in treatment
response is observed across all AR pharmacotherapy
classes and represents a major clinical challenge.
This variability reflects the heterogeneous
pathobiological mechanisms underlying AR—
including differences in the dominant inflammatory
endotype (Th2-high vs. Th2-low), the specific
allergen(s) involved, the pattern of comorbidities,
genetic variants in drug metabolizing enzymes, and
immunological responsiveness. A precision
medicine approach—matching specific therapies to
individual patients based on biomarkers, molecular
allergy diagnostics, and genetic profiling—holds
promise for optimizing treatment outcomes but
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remains aspirational rather than clinical reality for
the majority of AR patients.

11.4 Gaps in Special Population Evidence

The representation of special populations in AR
clinical trials has been historically limited. Pregnant
women are routinely excluded from drug trials,
resulting in a paucity of robust safety data and
reliance on registry-based observational evidence.
Pediatric AR trials are comparatively fewer than
adult  trials, and elderly patients are
underrepresented despite the high prevalence of AR
in this group. Patients with multiple comorbidities—
who constitute the majority of AR patients
encountered in clinical practice—are systematically
excluded from clinical trials designed to
demonstrate efficacy in pure AR populations.

12. Future Directions and Emerging Research
Priorities
12.1 Precision Medicine and Biomarker-Guided
Therapy

The future of AR management lies in the transition
from a one-size-fits-all pharmacological approach to
a precision medicine paradigm that matches specific
therapeutic interventions to individual patients
based on their clinical, immunological, and
molecular endotype. Component-resolved
diagnostics (CRD)—identifying sensitization to
individual allergen molecules rather than crude
extracts—enable more precise identification of
clinically relevant sensitizations, differentiation of
genuine sensitization from cross-reactivity, and
selection of appropriate immunotherapy extracts.

Biomarker research in AR aims to identify
predictors of treatment response. Candidates
include: serum periostin and blood eosinophil
counts as markers of Th2-high endotype; fractional
exhaled nitric oxide (FeNO) as a marker of
eosinophilic airway inflammation; nasal cytology
eosinophilia; basophil activation test (BAT)
parameters; and transcriptomic signatures from
nasal brushings. Validation of predictive biomarkers
in prospective studies is an active research priority
that will inform precision AR management
algorithms.

12.2 Advances in Immunotherapy

The AIT landscape is evolving rapidly with several
innovative  approaches under investigation.
Recombinant allergen vaccines, produced using
biotechnological methods, offer standardized,
hypoallergenic preparations with reduced risk of
IgE-mediated adverse reactions while maintaining
immunogenicity. Peptide immunotherapy—using
short T cell epitope-containing peptides incapable of
cross-linking IgE—aims to induce tolerance through
T cell-mediated mechanisms without triggering
mast cell degranulation.
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Adjuvant strategies including toll-like receptor
(TLR) agonists (CpG oligodeoxynucleotides, MPL)
conjugated to allergens are designed to enhance the
Thl-inducing capacity of AIT. Nanoparticle
delivery systems for AIT aim to improve allergen
presentation to immune cells and enable targeted
Ilymph node delivery. The combination of biologics
(particularly omalizumab or dupilumab) with AIT
represents an intriguing strategy to improve AIT
safety and efficacy in sensitized patients,
particularly those with severe AR or comorbid
asthma.

12.3 Digital Health and Patient Education

Digital health technologies are increasingly being
integrated into AR management, with potential to
improve patient education, adherence monitoring,
symptom tracking, and treatment personalization.
Smartphone applications for pollen count tracking,
personalized allergen exposure alerts, symptom
diary recording, and medication reminder functions
may improve patient engagement and self-
management.  Real-time electronic  symptom
monitoring and patient-reported outcome platforms
enable clinicians to adjust treatment remotely and
identify deterioration promptly.

Telemedicine-based allergy care has demonstrated
feasibility and patient acceptability during and
following the COVID-19 pandemic, with potential
to improve access to allergy specialist expertise in
underserved geographic and  socioeconomic
communities. Artificial intelligence algorithms
trained on clinical, immunological, and
environmental data sets may ultimately enable
automated AR phenotyping, treatment
recommendation, and outcome prediction—though
rigorous validation in diverse patient populations
will be essential before clinical deployment.

12.4 Primary Prevention

Prevention of AR at a population level represents the
highest-value long-term strategy for reducing its
global burden. The first 1,000 days of life (from
conception through the second year) represent a
critical window of immune programming during
which interventions may have the greatest
preventive impact. Emerging evidence supports a
role for dietary interventions in pregnancy and
infancy (increased omega-3 fatty acid intake,
probiotic  supplementation, diverse  dietary
introduction), optimal breastfeeding, avoidance of
early-life antibiotic exposure, promotion of outdoor
physical activity and contact with natural
environments, and management of indoor air quality
in reducing atopic sensitization and AR
development.

Early intervention in high-risk children—
particularly those with atopic dermatitis and
documented allergen sensitization—through pre-
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seasonal SLIT may prevent or delay progression to
AR and asthma. The LEAP (Learning Early about
Peanut Allergy) paradigm of early allergen
introduction for food allergy prevention may have
analogous applications in aeroallergen sensitization,
though evidence in this domain requires further
development.

13. Patient Education and Self-Management

Patient education is a cornerstone of AR
management that is consistently identified as a
priority in clinical guidelines yet frequently
inadequate in practice. Effective patient education
programs should address the following domains:

»  Understanding the diagnosis: Explaining
the IgE-mediated mechanism, identifying
personal triggers through allergy testing,
and clarifying the distinction between
allergic and non-allergic rhinitis.

« Allergen avoidance: Providing practical,
tailored advice on reducing exposure to
identified allergens based on the patient’s
specific  sensitization  profile, living
environment, and occupation.

+ Medication education: Detailed
instruction on proper nasal spray technique
(head-down forward position, lateral
direction to avoid septal impact, sniffing
gently after administration), expected onset
of action, importance of regular use, and
management of common side effects.

* Monitoring and recognizing warning
signs: Empowering patients to use simple
self-assessment tools (ARCT, VAS) to
monitor disease control and identify the
need for treatment escalation or specialist
referral.

« Comorbidity awareness:  Educating
patients about the relationship between AR
and asthma, the importance of reporting
lower respiratory symptoms, and the
recognition of anaphylaxis warning signs
for those on AIT.

e Shared decision-making: Involving
patients in treatment decisions, particularly
regarding AIT (route, duration, expected
benefits and risks), recognizing patient
preferences, lifestyle constraints, and
adherence challenges.

Healthcare provider education is equally important,
as surveys consistently demonstrate gaps in AR
knowledge and management skills among primary
care physicians—the practitioners most frequently
encountered by AR patients. Continuing medical
education programs, clinical decision support tools
integrated into electronic health records, and
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guideline dissemination initiatives targeting primary
care are priorities for improving AR management
quality at the population level.

epidemiology, clinical assessment, management,
psychosocial impact, special population
considerations, and future research directions.
Several overarching conclusions emerge from this

14. Comprehensive Summary and Conclusions synthesis:

This review has synthesized the current evidence
base for allergic rhinitis across its pathophysiology,
Key Conclusions

1. AR is a major global public health burden affecting 400+ million people, with rising prevalence driven by
environmental and climate-related factors.

2. Intranasal corticosteroids remain the most effective pharmacological therapy for moderate-to-severe AR and
should be recommended as first-line therapy.

3. Allergen immunotherapy is the only disease-modifying intervention and should be offered to patients with
inadequately controlled AR and documented allergen sensitization.

4. AR imposes significant, measurable impairment of quality of life across multiple domains including sleep,
cognitive function, occupational productivity, and emotional wellbeing.

5. Special populations (children, elderly, pregnant women, occupational AR patients) require individualized
management strategies accounting for safety, developmental, and contextual factors.

6. Patient adherence to therapy is a major determinant of real-world effectiveness and is frequently inadequate;
patient education and simplified treatment regimens are critical to improving outcomes.

7. Emerging research priorities—including precision medicine frameworks, novel biologic therapies, innovative
AIT formulations, and digital health tools—hold substantial promise for transforming AR management in the

decade ahead.

The management of allergic rhinitis demands a
holistic, patient-centered, and evidence-informed
approach that integrates allergen avoidance,
optimized pharmacotherapy, and disease-modifying
immunotherapy within a framework of sustained
patient education and self-management support. The
unified airway concept mandates that AR
management be considered in the context of
comorbid atopic conditions, particularly asthma, to
achieve comprehensive respiratory health outcomes.

Looking forward, the convergence of molecular
allergology,  precision  medicine, advanced
immunotherapy platforms, biologic agents, and
digital health  technologies  promises to
fundamentally reshape the AR treatment landscape.
Realizing this potential requires concerted efforts in
translational ~ research, healthcare  provider
education, health system design, and patient
empowerment—all oriented toward reducing the
considerable, and too often silent, burden of this
extraordinarily prevalent condition.
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