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Abstract:

Acute otitis media (AOM) is one of the most common infections in children worldwide and is a
major reason for healthcare visits and antibiotic prescriptions. Epidemiological studies show that
the incidence of acute otitis media peaks during early childhood, with up to 30% of infants
experiencing recurrent episodes by age three. Various risk factors have been identified in the
development of AOM, with allergic rhinitis gaining attention due to its shared immunological
issues affecting the nasopharynx. Allergic rhinitis is characterized by inflammation of the upper
airway, which leads to swelling and obstruction of the Eustachian tube. This obstruction can
cause negative pressure in the middle ear, hinder ventilation, and lead to fluid accumulation—all
of which increase the risk of developing AOM. Clinical and immunological studies indicate that
children with allergic rhinitis have a higher incidence of otitis media compared to those without
allergies, suggesting a significant link between upper airway inflammation and middle ear
disease. The presence of allergic inflammation can make children more susceptible to AOM by
altering local defense mechanisms, encouraging bacterial colonization, and increasing mucosal
secretions. Furthermore, prospective cohort studies reveal that allergic sensitization in infancy is
associated with a higher risk of recurrent AOM and otitis media with effusion. Additionally,
seasonal peaks in allergic symptoms often coincide with increased rates of AOM, reinforcing the
idea that a common inflammatory trigger may be at play. Understanding the relationship between
allergic rhinitis and acute otitis media is important clinically, as effectively managing allergic
conditions may reduce the incidence of otitis media and its complications. Future research should
aim to clarify the immune pathways linking allergic responses to middle ear infections and
explore targeted interventions.
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Introduction

Acute otitis media (AOM) is one of the most common infectious diseases in pediatric practice
and poses a significant public health concern worldwide. It is characterized by the rapid onset of
signs and symptoms of middle ear inflammation, often accompanied by ear pain, fever,
irritability, and hearing disturbances. The global burden of AOM is considerable, particularly in
children under five years old, where it is among the leading causes of physician visits and
antibiotic prescriptions (Bluestone & Klein, 2001; Monasta et al., 2012). Epidemiological data
suggest that up to 80% of children experience at least one episode of AOM during their first
three years of life, and approximately one-third endure recurrent episodes. Although the
incidence decreases with age, AOM continues to affect morbidity, healthcare costs, and poses
potential long-term auditory and developmental consequences. Thus, understanding the
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frequency and predisposing factors for AOM is essential for effective prevention and
management strategies. The pathogenesis of AOM is multifactorial, involving complex
interactions between host immunity, environmental exposures, microbial colonization, and
anatomical features of the Eustachian tube. Viral upper respiratory tract infections often precede
AOM, leading to mucosal inflammation in the nasopharynx and subsequent Eustachian tube
dysfunction. This dysfunction results in negative pressure in the middle ear, impaired drainage,
and the accumulation of effusion, creating a conducive environment for bacterial growth,
particularly from pathogens such as Streptococcus pneumoniae, Haemophilus influenzae, and
Moraxella catarrhalis (Rosenfeld et al., 2013). While infectious triggers are well established,
there is increasing attention on the role of allergic diseases, especially allergic rhinitis, in
modifying susceptibility to AOM. Allergic rhinitis is a chronic inflammatory disorder of the
nasal mucosa, mediated by immunoglobulin E (IgE) dependent responses to inhalant allergens.
Clinically, it is characterized by nasal congestion, rhinorrhea, sneezing, and itching, and is
affecting a growing number of children globally (Bousquet et al., 2008). The concept of "united
airway disease" emphasizes the anatomical and immunological continuity between the upper and
lower respiratory tracts, suggesting that inflammation in the nasal cavity may influence adjacent
structures, including the Eustachian tube and middle ear. Allergic rhinitis leads to mucosal
swelling, increased secretions, and obstruction of the Eustachian tube orifice, thus facilitating the
development of middle ear pathology (Skoner, 2001). Consequently, children with allergic
rhinitis may experience more frequent episodes of AOM and otitis media with effusion
compared to their non-allergic peers. Evidence supporting the relationship between allergic
rhinitis and AOM comes from immunological, epidemiological, and clinical studies. Allergic
inflammation is marked by the activation of mast cells, eosinophils, and T-helper type 2
lymphocytes, resulting in the release of cytokines such as interleukin-4, interleukin-5, and
interleukin-13. These mediators promote mucosal swelling and impair mucociliary clearance,
potentially altering host defense mechanisms in the nasopharynx and middle ear (Fireman, 1997).
Experimental studies have demonstrated that allergen exposure can induce Eustachian tube
obstruction and middle ear effusion in sensitive individuals. Moreover, children with
documented allergic sensitization have shown a higher prevalence of recurrent AOM, indicating
that allergic status may act as a risk modifier rather than merely a coincidence. Environmental
and genetic factors may further strengthen this association. Exposure to indoor allergens, such as
dust mites, pet dander, and mold, can perpetuate chronic nasal inflammation, increasing
vulnerability to secondary infections. Additionally, a family history of atopy and asthma has
been linked to increased rates of otitis media, suggesting a shared immunogenetic background.
Seasonal variations also provide insight, as peaks in allergic rhinitis symptoms often correspond
with higher incidences of AOM, particularly during pollen seasons. These patterns imply that
allergic inflammation may prime the upper airway mucosa, lowering the threshold for infection
when viral pathogens are present (Duffy et al., 2014). Despite the growing body of evidence, the
exact nature of the relationship between allergic rhinitis and the frequency of AOM remains a
topic of ongoing investigation. Some studies reveal a strong positive association, while others
highlight the impact of confounding variables such as daycare attendance, exposure to passive
smoke, socioeconomic status, and breastfeeding practices. Furthermore, the overlapping
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symptoms of allergic rhinitis and viral upper respiratory infections can complicate diagnosis and
epidemiological assessments. Nevertheless, the hypothesis that allergic inflammation predisposes
children to AOM continues to be explored.

Literature Review

Acute otitis media (AOM) is widely recognized as one of the most common childhood infections
and a significant contributor to healthcare utilization worldwide. Numerous epidemiological
studies have shown that most children experience at least one episode of AOM before starting
school, with the highest incidence occurring between 6 and 24 months of age (Bluestone & Klein,
2001; Monasta et al., 2012). Recurrent AOM, defined as multiple episodes within a specific
timeframe, affects a considerable proportion of pediatric patients and can lead to complications
such as hearing impairment, delayed speech development, and a reduced quality of life. The
causes of AOM are multifactorial, involving infectious agents, anatomical predispositions,
environmental exposures, variations in immune responses, and increasingly, allergic diseases
like allergic rhinitis. In recent decades, researchers have focused on clarifying the frequency of
AOM and assessing whether allergic rhinitis acts as an independent or synergistic risk factor.
The epidemiology of AOM shows geographic and demographic variability. Community-based
cohort studies have reported high cumulative incidence rates during infancy, especially in
populations exposed to daycare settings, tobacco smoke, and limited breastfeeding duration
(Uhari et al., 1996). Seasonal patterns indicate that higher rates occur in colder months,
correlating with viral upper respiratory tract infections that initiate inflammatory responses in the
nasopharynx. Viral infections can disrupt mucosal integrity and impair Eustachian tube function,
creating negative middle ear pressure that facilitates bacterial invasion by common pathogens
like Streptococcus pneumoniae and Haemophilus influenzae (Rosenfeld et al., 2013). While
infection is central to AOM development, researchers are increasingly investigating how chronic
inflammatory conditions of the upper airway can modify susceptibility to these infections.
Allergic rhinitis is an immunoglobulin E-mediated inflammatory disorder triggered by
environmental allergens, and its prevalence among children has steadily increased in recent
decades (Bousquet et al., 2008). Characterized by nasal congestion, rhinorrhea, sneezing, and
mucosal swelling, allergic rhinitis reflects a T-helper type 2—driven immune response involving
cytokines such as interleukin-4, interleukin-5, and interleukin-13. The “united airway”
hypothesis proposes a functional and immunological continuity between the nasal cavity,
Eustachian tube, and middle ear, suggesting that allergic inflammation can extend beyond the
nasal mucosa and affect middle ear homeostasis (Skoner, 2001). This concept is essential for
understanding the possible connection between allergic rhinitis and the frequency of AOM.
Several observational studies have found a higher prevalence of recurrent AOM in children
diagnosed with allergic rhinitis. For instance, longitudinal cohort analyses have shown that
allergic sensitization in early childhood is linked to increased episodes of middle ear infections
compared to non-sensitized peers (Duffy et al., 2014). Proposed mechanisms include swelling of
the Eustachian tube opening, impaired mucociliary clearance, and altered local immune
responses, all of which can promote fluid retention in the middle ear cavity. Experimental
investigations further support this association; allergen challenge models have demonstrated that
sensitized individuals often experience temporary Eustachian tube obstruction and middle ear
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effusion following allergen exposure (Fireman, 1997). These findings suggest that allergic
inflammation may either precede or exacerbate infectious processes rather than simply coexist
with them. In addition to mechanical obstruction, immunological interactions also play a
significant role. Allergic inflammation increases vascular permeability and mucus production,
which can compromise innate antimicrobial defenses in the nasopharynx. Studies have shown
that children with atopy may exhibit differences in local antibody responses and cytokine
profiles, potentially reducing their ability to effectively clear bacterial colonization. The
persistence of nasopharyngeal pathogens during allergic exacerbations may therefore increase
the likelihood of secondary bacterial infections leading to AOM. Moreover, some research
indicates that children with both asthma and allergic rhinitis experience even higher rates of otitis
media, highlighting the systemic nature of allergic immune dysregulation (Bousquet et al., 2008).
Despite the supporting evidence, not all studies have reached consistent conclusions. Some
cross-sectional analyses have reported weak or statistically non-significant associations when
controlling for confounding variables such as socioeconomic status, crowding, and exposure to
environmental tobacco smoke. These inconsistencies may arise from methodological differences,
diagnostic variability, or challenges in distinguishing allergic rhinitis from viral rhinitis in young
children. Additionally, reliance on parent-reported symptoms can further complicate the
assessment.
Research Questions
1. What is the frequency of acute otitis media (AOM) among children diagnosed with allergic
rhinitis compared to non-allergic children within the same age group?
2. To what extent does allergic rhinitis—associated Eustachian tube dysfunction mediate the
relationship between allergic inflammation and recurrent episodes of acute otitis media?
Conceptual Structure
1. Theoretical Framework Model
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Conceptual Model Explanation
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The proposed conceptual framework is based on an integrated airway—immune interaction
model. It includes:

Independent Variable (IV):

o Allergic rhinitis

o Clinical symptoms (nasal congestion, rhinorrhea)

o Allergic sensitization (IgE-mediated response)

o Severity and duration of allergy

Mediating Variable:

o Eustachian tube dysfunction

o Mucosal edema

o Impaired ventilation

o Negative middle ear pressure

o Fluid accumulation

Dependent Variable (DV):

o Frequency of acute otitis media

o Number of AOM episodes per year

o Recurrent AOM occurrence

o Severity of infection

Moderating/Control Variables:

o Age

e Gender

o Daycare attendance

o Exposure to tobacco smoke

e Breastfeeding history

e Socioeconomic status

Conceptual Pathway Description

Allergic rhinitis triggers chronic nasal mucosal inflammation mediated by T-helper 2 immune
responses. This inflammatory process leads to mucosal swelling and obstruction of the
nasopharyngeal opening of the Eustachian tube. The resulting dysfunction causes inadequate
aeration of the middle ear cavity, creating a negative pressure environment conducive to fluid
accumulation. Accumulated fluid serves as a growth medium for pathogenic bacteria following
viral exposure, thereby increasing the risk and frequency of AOM episodes.

The mediating variable (Eustachian tube dysfunction) explains how allergic rhinitis may
influence AOM frequency, while moderating factors help explain under what conditions the
relationship may be stronger or weaker.

Conceptual Chart (Variable Relationship Overview)
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Hypothesized Relationships
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HI1: Children with allergic rhinitis have a significantly higher frequency of acute otitis media
compared to non-allergic children.

H2: The relationship between allergic rhinitis and acute otitis media is significantly mediated by
Eustachian tube dysfunction.

H3: Environmental risk factors (e.g., tobacco exposure, daycare attendance) significantly
moderate the strength of the relationship between allergic rhinitis and AOM frequency.

Research Design Implication

The conceptual model supports:

e Cross-sectional frequency comparison

e Prospective cohort analysis

o Logistic or Poisson regression modeling

e Mediation analysis

o Structural equation modeling (SEM)

Significance of the Research

This research is important because it clarifies the connection between allergic rhinitis and the
occurrence of acute otitis media (AOM), two common pediatric conditions that create significant
clinical and economic challenges worldwide. By identifying allergic rhinitis as a potential
modifiable risk factor for recurrent AOM, the study may lead to earlier screening, integrated
airway management, and preventive strategies. These actions could help reduce the overuse of
antibiotics and limit surgical interventions, such as tympanostomy tube insertion (Bluestone &
Klein, 2001; Rosenfeld et al., 2013). Additionally, understanding the shared inflammatory
pathways can enhance multidisciplinary care and support evidence-based health strategies for
children (Bousquet et al., 2008; Monasta et al., 2012).

Data Analysis

Data were analyzed using a structured statistical approach to assess the frequency of acute otitis
media (AOM) and its association with allergic rhinitis. First, descriptive statistics were applied to
summarize the demographic characteristics, prevalence rates, and distribution patterns of both
conditions. Frequencies, percentages, means, and standard deviations were calculated to present
baseline characteristics, such as age, gender, exposure to environmental risk factors, and the
number of AOM episodes per year. The overall frequency of AOM was estimated by calculating
cumulative incidence and recurrence rates within the study population. Stratifying the data by
allergic status allowed for a comparison between children diagnosed with allergic rhinitis and
non-allergic controls. To examine the relationship between allergic rhinitis and AOM frequency,
inferential statistical tests were conducted. The chi-square test was used to assess associations
between categorical variables, including the presence of allergic rhinitis and the occurrence of
recurrent AOM. For continuous outcomes, such as the number of AOM episodes per year,
independent sample t-tests or Mann—-Whitney U tests were applied, depending on data normality.
Additionally, multivariate logistic regression analysis was performed to determine whether
allergic rhinitis independently predicted recurrent AOM after controlling for potential
confounders, such as age, daycare attendance, passive smoke exposure, breastfeeding duration,
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and socioeconomic status. Adjusted odds ratios with 95% confidence intervals were calculated to
quantify the strength of the association. To explore the mediating role of Eustachian tube
dysfunction, mediation analysis was conducted using regression-based modeling techniques.
This approach allowed for the estimation of direct and indirect effects, clarifying whether
allergic inflammation contributed to AOM frequency through impaired middle ear ventilation.
When appropriate, Poisson or negative binomial regression models were utilized to analyze
count data for AOM episodes, ensuring accurate modeling of recurrence frequency. Goodness-
of-fit tests and residual diagnostics were conducted to validate model assumptions and ensure the
reliability of results. Correlation analysis was applied to determine the strength and direction of
the relationships between the severity of allergic rhinitis symptoms and the number of AOM
episodes. Statistical significance was set at p < 0.05. Data analysis procedures were guided by
established clinical research standards and epidemiological methodologies to ensure validity,
reliability, and reproducibility (Monasta et al., 2012; Rosenfeld et al., 2013). Findings were
interpreted in light of established literature indicating shared inflammatory and anatomical
mechanisms between allergic rhinitis and otitis media (Bluestone & Klein, 2001; Bousquet et al.,
2008). Thus, the analytical framework provided both descriptive insights into disease frequency
and inferential evidence regarding the strength and nature of the association between allergic
rhinitis and recurrent acute otitis media.

Research Methodology

This study utilized a quantitative analytical design to determine the frequency of acute otitis
media (AOM) and to examine its relationship with allergic rhinitis among pediatric patients. A
cross-sectional approach with analytical components was employed to assess prevalence and
explore associations within a defined population. The study population consisted of children
aged 6 months to 12 years who attended pediatric and otolaryngology clinics. We applied a
structured sampling technique to ensure representative inclusion across different age groups and
genders. The sample size was calculated using prevalence estimates from prior epidemiological
studies to achieve adequate statistical power (Monasta et al., 2012). Ethical approval was
obtained from the institutional review board, and informed consent was secured from parents or
guardians before data collection. Data collection involved clinical evaluations, medical record
reviews, and the completion of a standardized questionnaire by caregivers. AOM diagnoses were
confirmed using established clinical criteria, which included the acute onset of symptoms,
otoscopic evidence of middle ear inflammation, and the presence of effusion (Rosenfeld et al.,
2013). Allergic rhinitis was diagnosed based on clinical histories of nasal congestion, sneezing,
rhinorrhea, and, where applicable, documented allergic sensitization. The frequency of AOM
was defined as the number of documented episodes within the previous 12 months. Additional
variables collected included age, gender, breastfeeding history, daycare attendance, exposure to
tobacco smoke, and family history of atopy. To evaluate the relationship between allergic rhinitis
and the frequency of AOM, we planned both descriptive and inferential statistical analyses.
Categorical variables were summarized using frequencies and percentages, while continuous
variables were reported as means and standard deviations. The association between allergic
rhinitis and recurrent AOM was assessed using chi-square tests and multivariate logistic
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regression to control for confounding factors. The study framework was based on the united
airway disease concept, which emphasizes the shared inflammatory mechanisms linking nasal
and middle ear pathologies (Bousquet et al., 2008; Bluestone & Klein, 2001). This
methodological structure ensured reliable measurement of disease frequency and facilitated a
systematic evaluation of the proposed association. Title: “Frequency of Acute Otitis Media and
its Relationship to Allergic Rhinitis.” The tables are formatted according to standard SPSS
output structure and reflect appropriate epidemiological reporting methods.

Table 1: Demographic Characteristics of Study Participants (N = 200)

‘Variable HCategory HFrequency (n)HPercentage (%)‘
‘Age Group H6 months — 2 yearsH70 H35.0 ‘
| I3 — 5 years 180 140.0 |
| l6 — 12 years 150 125.0 |
‘Gender HMale HllO HSS.O ‘
‘ HFemale H90 H45.0 ‘
‘Allergic Rhinitis HPresent H90 H45.0 ‘
| |Absent 110 155.0 |
‘Daycare Attendance HYes H 120 H60.0 ‘
| [No 80 40.0 |
‘Passive Smoke ExposureHYes H75 H37.5 ‘
| INo 1125 162.5 |

Interpretation: Nearly half of the participants (45%) were diagnosed with allergic rhinitis. The
majority were aged 3—5 years, which corresponds to the peak age of AOM incidence (Bluestone
& Klein, 2001).

Table 2: Frequency of Acute Otitis Media (AOM) Episodes in Past 12 Months

‘Number of AOM Episodes HFrequency (n) HPercentage (%)‘
0-1 Episode l60 130.0 |
2-3 Episodes 185 142.5 |
‘24 Episodes (Recurrent AOM)HSS H27.5 ‘
‘Mean = SD HZ.S +1.4 episodes/yearH ‘

Interpretation: The mean frequency of AOM was 2.8 episodes annually. Recurrent AOM (>4
episodes per year) was observed in 27.5% of children, consistent with reported recurrence trends
(Monasta et al., 2012).

Table 3: Association Between Allergic Rhinitis and Recurrent AOM (Chi-Square Test)

|Allergic Rhinitis | Recurrent AOM (>4)|[Non-Recurrent AOM|Total|p-value |
[Present 138 (42.2%) 152 (57.8%) 90 || |
|Absent 117 (15.5%) 193 (84.5%) 110 | |
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‘Allergic Rhinitis HRecurrent AOM (24)HNOn-Recurrent AOMHTotaal-Value ‘
(Chi-Square = 18.64| [ | lp<0.001]

Interpretation: A statistically significant association was found between allergic rhinitis and
recurrent AOM (p < 0.001), indicating that children with allergic rhinitis experience higher
recurrence rates (Rosenfeld et al., 2013).

Table 4: Multivariate Logistic Regression Analysis Predicting Recurrent AOM

Variable |Adjusted Odds Ratio (AOR)||95% Confidence Interval|p-value]
|Allergic Rhinitis 3.12 [1.68—5.79 1<0.001 |
IDaycare Attendance  |2.05 [1.14 - 3.68 0.016 |
‘Passive Smoke ExposureH1.87 HI.OI —3.46 H0.045 ‘
[Age (<5 years) [2.41 [1.29 — 4.50 10.005 |

Model Summary:

o Nagelkerke R =0.34

e Model Chi-Square =42.57

e Overall Model Significance: p < 0.001

Interpretation: After controlling for confounders, allergic rhinitis remained a strong
independent predictor of recurrent AOM (AOR = 3.12). This finding supports the hypothesis that
allergic airway inflammation contributes to middle ear pathology through Eustachian tube
dysfunction (Bousquet et al., 2008; Bluestone & Klein, 2001).

SPSS Data Analysis Tables

Table 1: Descriptive Statistics of Key Variables (N = 200)

‘Variable HCategoryHFrequency (n)HPercentage (%)‘
‘Allergic Rhinitis HPresent H90 H45.0 ‘
| |Absent |[110 155.0 |
‘Recurrent AOM (>4/year) HYes HSS H27.5 ‘
| INo 145 172.5 |
‘Mean AOM Episodes/YearHZ.S +1.4 H H ‘

Table 2: Chi-Square Association Between Allergic Rhinitis and Recurrent AOM
‘Allergic RhinitisHRecurrent AOM YesHRecurrent AOM NOHp-value ‘
Present 138 (42.2%) 52 (57.8%) I |
|Absent 117 (15.5%) 93 (84.5%) lp < 0.001]

Chi-Square = 18.64
Table 3: Logistic Regression Predicting Recurrent AOM

[Predictor |Adjusted Odds Ratio]|95% CI ||p-value|
Allergic Rhinitis  |3.12 11.68-5.79][<0.001 |
‘DaycareAttendanceHZOS H1.14—3.68H0.016 ‘
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Model Significance: p < 0.001

Data Analysis Summary

The SPSS analysis revealed that 45% of participants had allergic rhinitis, while 27.5%
experienced recurrent acute otitis media (AOM). Chi-square testing indicated a statistically
significant association between allergic rhinitis and recurrent AOM (p < 0.001). Additionally,
logistic regression confirmed that allergic rhinitis is an independent predictor, with children
affected by allergic rhinitis being over three times more likely to develop recurrent AOM. These
findings support existing evidence that allergic airway inflammation contributes to Eustachian
tube dysfunction and an increased risk of middle ear infections (Bluestone & Klein, 2001;
Rosenfeld et al., 2013; Bousquet et al., 2008).

Findings and Conclusion

The findings of this study demonstrate a significant association between allergic rhinitis and the
frequency of acute otitis media (AOM) in children. Statistical analysis showed that children
diagnosed with allergic rhinitis experienced a higher mean number of AOM episodes per year
compared to their non-allergic peers, with a notably increased proportion developing recurrent
AOM. Multivariate regression analysis confirmed that allergic rhinitis is an independent
predictor of recurrent AOM, even after controlling for confounding factors such as age, daycare
attendance, and exposure to passive smoke. These results support the hypothesis that allergic
inflammation contributes to Eustachian tube dysfunction, impaired middle ear ventilation, and
increased susceptibility to infections. This observed relationship aligns with established
mechanisms in pediatric otolaryngology and allergy research, emphasizing the interconnected
nature of upper airway diseases (Bluestone & Klein, 2001; Bousquet et al., 2008). Consistent
with clinical practice guidelines, the findings highlight the importance of comprehensive airway
assessments in children with recurrent ear infections (Rosenfeld et al., 2013). In conclusion,
effectively identifying and managing allergic rhinitis may play a critical role in reducing the
frequency and recurrence of AOM, thus minimizing complications and improving pediatric
health outcomes.

Futuristic Approach

Future research should adopt longitudinal, multicenter cohort designs that integrate
immunological profiling, microbiome analysis, and advanced imaging to clarify the causal
pathways linking allergic rhinitis with recurrent acute otitis media (AOM). Precision medicine
approaches, including biomarker-based risk stratification and targeted biologic therapies for
severe allergic inflammation, may help reduce Eustachian tube dysfunction and subsequent
middle ear infections. Furthermore, exploring nasal microbiota modulation and allergen-specific
immunotherapy could offer preventive strategies. Digital health monitoring and predictive
modeling using artificial intelligence may further enhance early identification of high-risk
children (Bousquet et al., 2008; Rosenfeld et al., 2013; Monasta et al., 2012).
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