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Highlights

What are the main findings?

• In children with adenoid hypertrophy, disease severity was independently associated
with eosinophilia rather than with IgE-mediated sensitization.

• Family history of atopy and elevated total IgE were the strongest factors associated
with clinical atopy.

What is the implication of the main finding?

• Inflammatory burden may play a more important role than classical allergic sensitiza-
tion in determining adenoid hypertrophy severity.

• Evaluation of eosinophilia may provide additional clinical information in the routine
assessment of children with adenoid hypertrophy.

Abstract

Background: Evidence linking adenoid hypertrophy (AH) and atopy is conflicting. We
examined whether Cassano-graded AH severity is more closely associated with inflamma-
tory markers than with IgE-mediated sensitization. Methods: We retrospectively included
children aged 3–12 years diagnosed with AH between December 2022 and December 2025.
AH was graded according to the Cassano classification and dichotomized as advanced AH
(Stage III–IV). Atopic features were evaluated separately as clinical atopy, IgE-mediated
sensitization, elevated total IgE, and eosinophilia. Multivariable logistic regression analyses
were performed to assess factors associated with clinical atopy, sensitization, and advanced
AH. Results: Among 426 children, clinical atopy was present in 28.2%, sensitization in
23.0%, elevated total IgE in 16.4%, and eosinophilia in 27.7%; 39.2% had advanced AH. In
multivariable analysis, clinical atopy was independently associated with family history
of atopy (aOR 13.9; 95% CI 7.9–24.4), elevated total IgE (aOR 3.86; 95% CI 2.10–7.08), and
passive smoking exposure (aOR 1.73; 95% CI 1.07–2.79). Sensitization was independently
associated only with family history of atopy (aOR 4.99; 95% CI 1.99–12.53). Advanced AH
was independently associated only with eosinophilia (aOR 2.07; 95% CI 1.30–3.29). Con-
clusions: AH severity was associated with eosinophilia rather than classical IgE-mediated
sensitization. Assessment of eosinophilia may aid routine severity evaluation in children
with AH.
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1. Introduction
Adenoid tissue is a physiological lymphoid structure located in the nasopharynx dur-

ing childhood and plays a crucial role in shaping immune responses, particularly in early
life [1]. Hypertrophy of this tissue is considered one of the most common causes of upper
airway obstruction and is associated with clinical manifestations such as nasal breathing
difficulty, snoring, sleep disturbances, and recurrent upper respiratory tract infections [2].
In addition to infectious factors, immunological and inflammatory mechanisms are known
to contribute to the development of adenoid hypertrophy [3,4].

Atopy represents a heterogeneous immunological spectrum encompassing clinical
conditions such as allergic rhinitis, asthma, and atopic dermatitis, as well as biological
markers including aeroallergen sensitization, elevated total immunoglobulin E (IgE) lev-
els, and eosinophilia [5]. In childhood, atopic features may be characterized by chronic
inflammation of the upper and lower airways, which may contribute to enlargement of
nasopharyngeal lymphoid tissue and persistence of symptoms [6,7]. In this context, ade-
noid hypertrophy may reflect not only mechanical obstruction but also an anatomical
manifestation of the underlying immunological burden [6].

Previous studies investigating the relationship between adenoid hypertrophy and
atopic features have reported conflicting results. Some studies have demonstrated that
adenoid hypertrophy is more frequent and more severe in children diagnosed with aller-
gic rhinitis or asthma, with this association generally interpreted on the basis of clinical
diagnoses or total IgE levels [8]. In contrast, other studies based on aeroallergen sen-
sitization or serum IgE levels have failed to demonstrate a significant association with
adenoid hypertrophy [9]. Furthermore, studies that evaluated adenoid hypertrophy merely
as present or absent, without grading disease severity, have yielded inconsistent find-
ings [10]. These discrepancies may be related to differences in the definition of atopy, the
lack of integrated evaluation of biological markers, and the absence of graded analysis of
adenoid hypertrophy.

The Cassano classification, which is widely used to assess the degree of adenoid hyper-
trophy, enables functional evaluation of the extent of nasopharyngeal obstruction caused
by adenoid tissue [11]. However, studies examining the degree of adenoid hypertrophy
together with the underlying atopic burden using a graded approach remain limited. In
particular, evaluating biological markers such as aeroallergen sensitization, total IgE levels,
and eosinophilia alongside the severity of adenoid hypertrophy may contribute to a better
understanding of the pathophysiological basis of this relationship [8,11].

This study focused on routinely available peripheral inflammatory markers that are
easily obtainable in clinical practice and therefore have strong real-world relevance. Rather
than comparing children with adenoid hypertrophy to healthy controls, it aimed to explore
associations between disease severity and atopic features within an AH population.

The aim of this study was to evaluate the distribution of atopic features in children
diagnosed with adenoid hypertrophy, to examine the relationship between the degree of
adenoid hypertrophy and atopic burden, and to identify clinical and laboratory factors
associated with the presence of atopy. Specifically, we investigated whether the severity of
adenoid hypertrophy is associated with inflammatory biological markers rather than with
classical IgE-mediated sensitization indicators. Based on retrospective data from the past
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three years, this study aims to present a comprehensive approach integrating both clinical
and laboratory findings.

2. Materials and Methods
2.1. Study Design and Patient Selection

This study was conducted through a retrospective review of the medical records of
patients who presented to the otorhinolaryngology (ENT) and pediatric allergy outpatient
clinics of a tertiary care center. Pediatric patients diagnosed with adenoid hypertrophy
between December 2022 and December 2025 were included.

Patients presenting to the ENT outpatient clinic with complaints of nasal obstruction,
snoring, mouth breathing, and/or recurrent upper respiratory tract infections were evalu-
ated for adenoid hypertrophy following clinical assessment and flexible nasopharyngeal
endoscopy. Patients diagnosed with adenoid hypertrophy were referred to the pediatric al-
lergy clinic for evaluation of accompanying atopic features. Conversely, patients presenting
to the pediatric allergy clinic with suspected allergic rhinitis, asthma, or atopic dermatitis
and with findings suggestive of adenoid hypertrophy on history or physical examination
were referred to the ENT clinic for adenoid assessment. Patients in whom the diagnosis of
adenoid hypertrophy was confirmed through this bidirectional clinical evaluation process
were included in the study.

2.2. Inclusion and Exclusion Criteria

Patients aged 3–12 years with a diagnosis of adenoid hypertrophy were included.
Patients with a history of adenoidectomy, craniofacial anomalies, systemic inflammatory
diseases, or incomplete clinical or laboratory data were excluded. The number of patients
excluded due to missing data and the reasons for exclusion are presented in the patient
flow diagram (Figure 1).

Figure 1. Flow diagram of patient selection. Of 650 pediatric patients assessed for eligibility, 426 with
complete clinical and laboratory data were included in the final analysis. Patients with missing data
were excluded.

2.3. Assessment of Adenoid Hypertrophy

The degree of adenoid hypertrophy was determined using the Cassano classification
based on findings from flexible nasopharyngeal endoscopy performed in the ENT outpa-
tient clinic [11]. According to this classification, the extent of choanal obstruction caused by
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adenoid tissue was graded from Stage I to Stage IV. Evaluations were performed by expe-
rienced ENT specialists as part of routine clinical practice, and no additional procedures
were undertaken for the purposes of the study.

In statistical analyses, the degree of adenoid hypertrophy was evaluated both as an
ordinal categorical variable and in dichotomized form as Cassano Stage III–IV versus Stage
I–II to represent clinically significant advanced hypertrophy.

2.4. Assessment of Atopic Features
2.4.1. Clinical Atopy Definition

Clinical atopy was defined as the presence of physician-diagnosed allergic rhinitis,
asthma, atopic dermatitis, and/or food allergy, representing clinically manifest allergic
disease. Allergic rhinitis was diagnosed according to the Allergic Rhinitis and its Impact on
Asthma (ARIA) guidelines [5], asthma according to the Global Initiative for Asthma (GINA)
recommendations [12], and atopic dermatitis according to the Hanifin–Rajka criteria, with
disease severity assessed using the SCORAD index [13,14].

2.4.2. IgE-Mediated Sensitization Definition

IgE-mediated sensitization was defined as the presence of aeroallergen sensitization
demonstrated by a positive skin prick test and/or elevated serum-specific IgE levels [5,6].
Sensitization status was evaluated independently of clinical symptoms.

2.4.3. Eosinophilia Definition (Inflammatory Marker)

Eosinophilia was defined as an absolute eosinophil count above age-specific reference
ranges and was evaluated as a dichotomous variable (present/absent). Eosinophilia was
considered a biological marker of type-2 inflammatory activity rather than a diagnostic
criterion for atopy [6].

These components were analyzed as separate variables in all statistical models to
avoid conceptual overlap between clinical atopy, sensitization, and inflammatory markers.

Given limited availability of allergen-specific perennial/seasonal categorization, sensi-
tization pattern was approximated using ARIA duration of allergic rhinitis (intermittent vs.
persistent) for stratified analyses.

2.5. Clinical Data and Treatment Approach

Medical treatment data were obtained from patient records. Treatment approaches
were categorized as follow-up only, medical therapy, surgery after failure of medical ther-
apy, and primary surgery. Medical therapy included the use of intranasal corticosteroids,
antihistamines, and/or montelukast, either alone or in combination. Passive smoke expo-
sure and family history of atopy were obtained from medical records.

2.6. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version
26 (IBM Corp., Armonk, NY, USA). Continuous variables were presented as median
and interquartile range (IQR), and categorical variables as number and percentage (%).
Group comparisons were performed using the Mann–Whitney U test, chi-square test,
or Fisher’s exact test, as appropriate. Chi-square test for trend was applied for ordinal
categorical variables.

Multivariable logistic regression models were constructed to evaluate the presence of
atopy and advanced adenoid hypertrophy (Cassano Stage III–IV). Results were reported
as adjusted odds ratios (aORs), 95% confidence intervals, and p-values. Model fit was
assessed using the Hosmer–Lemeshow test. A p-value < 0.05 was considered statistically
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significant. The models were constructed to assess associations and were not intended for
the development of a predictive risk score.

Because of the retrospective design, treatment approach may represent a consequence
of disease severity and could introduce confounding by indication; therefore, it was not
included in the regression models.

Additional multivariable logistic regression analyses were performed stratified by prede-
fined age groups (3–5, 6–8, and 9–12 years) to explore potential age-related effect modification.

2.7. Ethical Approval

The study was approved by the institutional ethics committee. Due to the retrospective
design, the requirement for informed consent was waived by the ethics committee.

3. Results
3.1. Patient Characteristics

A total of 426 children followed with a diagnosis of adenoid hypertrophy were in-
cluded in this study. The age distribution of the study population encompassed different
stages of childhood, and demographic as well as clinical characteristics were evaluated in
detail. Male and female children were represented in similar proportions. Passive smoke
exposure was present in a subset of patients and was considered in further analyses due to
its potential association with both atopy and adenoid hypertrophy (Table 1).

Table 1. Baseline characteristics of children with adenoid hypertrophy according to atopy status.

Variable Total (n = 426) With Atopy (n = 120) Without Atopy (n = 306) p

Age (years), median [IQR] 6 (5–8) 7 (5–9) 6 (5–8) 0.078
Sex, n (%) 0.401

Male 232 (54.5) 69 (57.5) 163 (53.3)
Female 194 (45.5) 51 (42.5) 143 (46.7)

Exposure to passive smoking, n (%) 103 (24.2) 39 (32.5) 64 (20.9) 0.012
Family history of atopy, n (%) 101 (23.7) 72 (60.0) 29 (9.5) <0.001
Adenoid grade (Cassano), n (%) <0.001

Stage I 101 (23.7) 13 (10.8) 88 (28.9)
Stage II 158 (37.1) 57 (47.5) 101 (33.0)
Stage III 113 (26.5) 40 (33.3) 73 (23.9)
Stage IV 54 (12.7) 10 (8.3) 44 (14.4)

Treatment approach, n (%)
Follow-up 93 (21.8)
Medical treatment 239 (56.1)
Surgery after medical treatment 67 (15.7)
Primary surgery 27 (6.3)

Data are presented as median [IQR] or number (percentage). Continuous variables were compared using the
Mann–Whitney U test and categorical variables using the chi-square or Fisher’s exact test, as appropriate. Clinical
atopy was defined as physician-diagnosed allergic rhinitis, asthma, atopic dermatitis, and/or food allergy. Cassano
stages are based on the Cassano classification [11]. Treatment approach is presented descriptively for the entire
cohort and was not included in multivariable analyses due to potential confounding by indication. A p-value < 0.05
was considered statistically significant.

Across age strata, clinical atopy and sensitization were more frequent in the 9–12-year
group, while eosinophilia also showed an increasing tendency with age (Table S1).

3.2. Degree of Adenoid Hypertrophy

Adenoid hypertrophy was graded according to the Cassano classification [11]. While
a portion of the patients were classified as Cassano Stage I–II, 167 patients (39.2%) were
classified as Cassano Stage III–IV and were considered to have advanced adenoid hyper-
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trophy. This distribution enabled analyses focusing not only on the presence but also on
the severity of adenoid hypertrophy, and advanced hypertrophy was used as the primary
dependent variable in subsequent statistical evaluations (Table 1).

3.3. Distribution of Atopic Features

Clinical atopy was present in 120 of 426 patients (28.2%). Aeroallergen sensitization
was detected in 23.0% of patients. Elevated total IgE levels were observed in 16.4%, and
eosinophilia in 27.7% of patients.

The distribution of atopic features within the study group was evaluated in detail
(Table 2). Aeroallergen sensitization was detected in 23.0% of patients. Total immunoglobu-
lin E levels, assessed according to age-adjusted reference ranges, were elevated in 16.4% of
cases. Eosinophilia, defined based on the absolute eosinophil count, was present in 27.7%
of patients. The prevalence of atopy across Cassano stages is illustrated in Figure 2.

Table 2. Distribution of atopic characteristics among children with adenoid hypertrophy.

Atopic Characteristic Total (n = 426)

Aeroallergen sensitization, n (%)
Yes 98 (23.0)
No 328 (77.0)

Total IgE level (age-adjusted), n (%)
Elevated 70 (16.4)
Normal 356 (83.6)

Eosinophilia (AEC ↑), n (%)
Yes 118 (27.7)
No 308 (72.3)

Atopic dermatitis, n (%)
Absent 397 (93.2)
Mild (SCORAD 1) 10 (2.3)
Moderate (SCORAD 2) 13 (3.1)
Severe (SCORAD 3) 6 (1.4)

Allergic rhinitis, n (%)
Absent 332 (77.9)
Present 94 (22.1)

Intermittent 48 (51.1)
Persistent 46 (48.9)
Mild 42 (44.7)
Moderate/Severe 52 (55.3)

Asthma, n (%)
Yes 39 (9.2)
No 387 (90.8)

Food allergy, n (%)
Yes 17 (4.0)
No 409 (96.0)

Data are presented as number (percentage). Total IgE levels were classified according to age-adjusted reference
ranges. Eosinophilia was defined based on the absolute eosinophil count. Atopic dermatitis severity was assessed
using the SCORAD index. Allergic rhinitis severity was classified as mild or moderate–severe according to ARIA
criteria; percentages for severity and duration were calculated only among patients with allergic rhinitis (n = 94).

Atopic dermatitis was identified in 6.8% of patients, with the majority classified as
mild to moderate in severity. Allergic rhinitis was observed in 22.1% of patients; among
those diagnosed with allergic rhinitis, 51.1% had intermittent and 48.9% had persistent
disease. Asthma was present in 9.2% of patients. Food allergy was detected in 4.0% and,
due to its low prevalence, was considered a descriptive characteristic (Table 2).
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Figure 2. Distribution of clinical atopy prevalence across adenoid hypertrophy grades according to
the Cassano classification. Bars represent the percentage of patients with atopy within each Cassano
grade. Clinical atopy was defined as the presence of physician-diagnosed allergic rhinitis, asthma,
atopic dermatitis, and/or food allergy.

When atopic characteristics were evaluated across Cassano stages, a significant linear
trend was observed for eosinophilia and aeroallergen sensitization (p for trend < 0.001 for
both; Table 3). In contrast, the trend for elevated total IgE across stages did not reach statistical
significance (p for trend = 0.062). Clinical atopy prevalence did not increase monotonically
with stage; it rose from Stage I to Stages II–III and decreased in Stage IV (p for trend < 0.001;
Table 3). Despite the significant trend test, the pattern was non-monotonic.

Table 3. Association between Cassano grade and atopic characteristics in children with adenoid hypertrophy.

Cassano
Grade

Atopy
Present (%)

Elevated IgE
(%)

Eosinophilia
(%)

Aeroallergen
Sensitization (%) SCORAD ≥ 2 (%) n

I 12.9 9.9 15.8 6.9 2.0 101
II 36.1 18.4 25.3 31.0 5.1 158
III 35.4 22.1 41.6 30.1 7.1 113
IV 18.5 11.1 27.8 14.8 1.9 54

p for trend <0.001 0.062 <0.001 <0.001 0.118
Percentages represent proportions within each Cassano stage. p values are from the chi-square test for trend
(linear-by-linear association). Clinical atopy was defined as physician-diagnosed allergic rhinitis, asthma, atopic
dermatitis, and/or food allergy. Aeroallergen sensitization was defined as a positive skin prick test and/or
allergen-specific IgE positivity. SCORAD ≥ 2 indicates moderate-to-severe atopic dermatitis.

3.4. Factors Associated with Atopy

Two separate multivariable logistic regression models were constructed to identify
factors associated with clinical atopy and IgE-mediated sensitization (Table 4A,B).

In the multivariable model evaluating clinical atopy (Table 4A), family history of atopy
(aOR 13.9; 95% CI 7.9–24.4), elevated total IgE (aOR 3.86; 95% CI 2.10–7.08), and passive
smoking exposure (aOR 1.73; 95% CI 1.07–2.79) were independently associated with clinical
atopy. Age, sex, eosinophilia, and advanced adenoid hypertrophy (Cassano Stages III–IV)
were not independently associated.

In the model evaluating IgE-mediated sensitization, only family history of atopy re-
mained independently associated (aOR 4.99; 95% CI 1.99–12.53; Table 4B). Age, sex, passive
smoking exposure, elevated total IgE, eosinophilia, and advanced adenoid hypertrophy
were not independently associated with sensitization.
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Regarding treatment approaches, 56.1% of patients received medical therapy, 15.7%
were referred for surgery due to failure of medical treatment, 6.3% underwent primary
surgery, and 21.8% were managed with follow-up alone.

Table 4. (A) Multivariable logistic regression analysis of factors associated with clinical atopy in
children with adenoid hypertrophy. (B) Multivariable logistic regression analysis of factors associated
with IgE-mediated sensitization in children with adenoid hypertrophy.

(A)

Variable aOR 95% CI p

Age (years) 1.09 0.97–1.23 0.14
Male sex 1.21 0.78–1.87 0.39

Passive smoking 1.73 1.07–2.79 0.025
Family history of atopy 13.9 7.9–24.4 <0.001

Cassano Stage III–IV 0.82 0.52–1.30 0.40
High total IgE 3.86 2.10–7.08 <0.001
Eosinophilia 1.04 0.65–1.65 0.88

(B)

Independent Variable aOR 95% CI p

Age (years) 1.09 0.91–1.31 0.342
Male sex 0.88 0.37–2.10 0.781

Passive smoking 1.45 0.54–3.91 0.464
Family history of atopy 4.99 1.99–12.53 0.001

Cassano Stage III–IV 1.13 0.47–2.71 0.788
High total IgE 1.12 0.39–3.27 0.831
Eosinophilia 1.12 0.41–3.05 0.822

(A) Results are presented as adjusted odds ratios (aORs), 95% confidence intervals (CIs), and p-values from
a multivariable logistic regression model. Clinical atopy was defined as physician-diagnosed allergic rhinitis,
asthma, atopic dermatitis, and/or food allergy. Cassano Stage III–IV indicates advanced adenoid hypertrophy [11].
Statistical significance was set at p < 0.05. (B) Results are presented as adjusted odds ratios (aORs), 95% confidence
intervals (CIs), and p-values from a multivariable logistic regression model. IgE-mediated sensitization was
defined as a positive skin prick test and/or allergen-specific IgE positivity. Cassano Stage III–IV indicates
advanced adenoid hypertrophy [11]. Statistical significance was set at p < 0.05.

3.5. Factors Associated with Advanced Adenoid Hypertrophy

A separate multivariable logistic regression model was constructed to evaluate factors
associated with advanced adenoid hypertrophy (Cassano Stage III–IV) (Table 5). This
model included age, sex, passive smoke exposure, elevated total immunoglobulin E, aeroal-
lergen sensitization, eosinophilia, and family history of atopy. In multivariable analysis,
eosinophilia was the only variable independently associated with advanced adenoid hy-
pertrophy (aOR 2.07; 95% CI 1.30–3.29; p = 0.002). Other variables, including elevated
total immunoglobulin E and aeroallergen sensitization, were not independently associ-
ated with advanced adenoid hypertrophy. This exploratory comparison was restricted to
children with allergic rhinitis for whom ARIA duration data (intermittent vs. persistent)
were available. Persistent (perennial-pattern) rhinitis was more common in advanced
AH (Cassano 3–4: 23/39, 59.0%) compared with mild–moderate AH (Cassano 1–2: 21/53,
39.6%), although this did not reach statistical significance in exploratory subgroup analyses
(Fisher’s exact p = 0.091; Supplementary Table S1).

In age-stratified analyses, eosinophilia remained significantly associated with ad-
vanced adenoid hypertrophy in the 6–8-year age group (aOR 3.54; 95% CI 1.60–7.83;
p = 0.002; Table S2), whereas no independent associations were observed in the younger
(3–5 years) or older (9–12 years) groups.
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Available records suggested that perennial-pattern sensitization (including house dust
mite) was uncommon; however, sensitization subtype data were incomplete and should be
interpreted cautiously.

Table 5. Multivariable logistic regression analysis of factors associated with advanced adenoid
hypertrophy in children.

Independent Variables aOR 95% CI p Value

Age (years) 0.97 0.89–1.06 0.550
Male sex 0.93 0.62–1.40 0.739

Passive smoking exposure 1.35 0.84–2.16 0.218
Family history of atopy 0.95 0.54–1.70 0.875

Eosinophilia 2.07 1.30–3.29 0.002
Elevated total IgE 0.96 0.53–1.75 0.894

Aeroallergen sensitization 1.08 0.61–1.93 0.787
Results are presented as adjusted odds ratios (aORs), 95% confidence intervals (CIs), and p-values. Advanced
adenoid hypertrophy was defined as Cassano Stage III–IV. Associations are reported; causal inferences cannot be
made due to the retrospective design.

4. Discussion
In this study, the severity of adenoid hypertrophy in children was more closely as-

sociated with inflammatory burden—particularly eosinophilia—than with classical IgE-
mediated sensitization. This finding may help to clarify the conflicting results in the
literature regarding the relationship between adenoid hypertrophy and atopy [15,16].

In the existing literature, the relationship between adenoid hypertrophy and atopy
has largely been examined using a dichotomous (present/absent) approach. While some
studies have reported associations between allergic rhinitis, elevated total IgE levels, or
aeroallergen sensitization and adenoid hypertrophy, others have failed to demonstrate such
relationships [17–19]. Potential explanations for these inconsistencies include the absence
of graded assessment of adenoid hypertrophy, failure to evaluate biological markers within
a unified analytical framework, and inadequate control of potential confounders. In our
study, adenoid hypertrophy was graded according to the Cassano classification, and both
clinical phenotypes and laboratory markers were analyzed simultaneously in multivariable
models. The classification of Cassano Stage III–IV as advanced adenoid hypertrophy was
based on clinical practice and prior studies; however, sensitivity analyses using alternative
classifications may be informative in future research [20]. In this regard, our study seeks to
address a methodological gap in the existing literature.

The prevalence of atopy did not demonstrate a monotonic increase across Cassano
stages; instead, rates rose from Stage I to Stages II–III and declined in Stage IV (Table 3). This
non-linear pattern should be interpreted with caution, as the relatively smaller number of
Stage IV cases and the retrospective, clinic-based sampling design may have influenced the
observed distribution rather than reflecting a true biological gradient. Notably, eosinophilia
was the only variable independently associated with advanced adenoid hypertrophy in
the multivariable analysis, suggesting that inflammatory burden—rather than clinically
defined atopy—may be more closely related to disease severity [21,22].

In the model focusing on clinical atopy, elevated total IgE levels were independently
associated with atopy, which is an expected finding. Treatment patterns likely reflect symp-
tom burden and clinical recognition rather than a causal effect; therefore, treatment was
described descriptively and was not included in the regression models due to confound-
ing by indication [18,23]. In contrast, the absence of an independent association between
eosinophilia and atopy suggests that eosinophilia may reflect inflammatory burden and
tissue-level responses rather than clinically defined atopy. Adenoid tissue has been shown
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to harbor concurrent viral infections and bacterial colonization, which may sustain chronic
local inflammatory responses independent of systemic IgE-mediated sensitization [24]. The
low prevalence of perennial sensitization, particularly house dust mite allergy, may reflect
regional environmental characteristics and limits definitive conclusions regarding the role
of chronic allergen exposure in adenoid hypertrophy.

The association between eosinophilia and adenoid hypertrophy severity appeared
to be most pronounced in the mid-childhood group (6–8 years), suggesting a potential
age-related window during which type-2 inflammatory mechanisms may play a greater
role in lymphoid tissue enlargement. However, the absence of consistent findings across all
age strata indicates that this relationship should be interpreted with caution.

In the model evaluating factors associated with advanced adenoid hypertrophy,
eosinophilia emerged as the only independently significant variable, representing one
of the most notable findings of the study. In this analysis, total IgE levels and aeroallergen
sensitization lost statistical significance, suggesting that the severity of adenoid hyper-
trophy may be more closely related to local or systemic inflammatory cellular responses
than to IgE-mediated systemic sensitization [21,22]. This finding further indicates that
crude associations observed in trend analyses may attenuate when biological markers and
potential confounders are evaluated simultaneously in multivariable models. The absence
of an association between eosinophilia and the “presence of atopy” model further supports
the notion that eosinophilia may serve as a marker of inflammatory burden rather than of
clinically defined atopy.

Eosinophils are known to participate in type-2 inflammatory processes in the upper
airway; however, the present findings reflect systemic associations rather than direct
evidence of tissue-level mechanisms.

Secondary analyses of comorbid allergic conditions—including rhinitis severity, food
allergy, and asthma—did not demonstrate consistent independent associations with AH
severity and should therefore be interpreted as exploratory, particularly given the limited
sample sizes in subgroup analyses. Food allergy was infrequent in our cohort and was
therefore evaluated descriptively. Because assessment relied primarily on clinical records
and IgE-based testing, non-IgE-mediated food allergy may have been underrecognized;
therefore, its potential contribution to adenoid hypertrophy severity cannot be excluded.

In conclusion, this study suggests that the severity of adenoid hypertrophy may be as-
sociated with inflammatory markers independently of classical IgE-mediated sensitization.
These findings may provide a basis for more comprehensive and biologically grounded
approaches to assessing disease severity in children with adenoid hypertrophy.

5. Conclusions
Atopic features are common in children with adenoid hypertrophy; however,

eosinophilia—rather than classical IgE-mediated sensitization—was independently as-
sociated with advanced disease. These findings suggest that inflammatory burden may
play a more prominent role in determining disease severity than IgE-based markers alone.
Assessment of eosinophilia may therefore provide clinically relevant information in the
evaluation of children with adenoid hypertrophy.

6. Limitations and Strengths
This study has several strengths. It includes a relatively large cohort of children

with adenoid hypertrophy and applies a graded endoscopic classification based on the
Cassano system, allowing evaluation of disease severity rather than relying on a simple
presence–absence approach. Clinical atopic phenotypes and biological markers were
assessed simultaneously within multivariable models, enabling adjustment for potential
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confounders. This integrated approach provides a more comprehensive characterization of
factors associated with advanced adenoid hypertrophy in routine clinical practice.

This study also has several limitations. Its retrospective, single-center design may
limit generalizability. Because only children with adenoid hypertrophy were included and
no healthy control group was available, the findings should be interpreted as associations
within an AH population rather than as determinants of AH development. The absence of
histopathological evaluation and local inflammatory markers, including cytokine profiles,
precluded direct assessment of tissue-level immune mechanisms. Selection bias may have
occurred due to bidirectional referral between otorhinolaryngology and pediatric allergy
clinics. In addition, allergen-specific categorization of sensitization was incomplete, and
seasonal or perennial patterns could only be approximated using clinical indicators. There-
fore, causal inferences cannot be drawn, and prospective controlled studies incorporating
local immunological markers are required to confirm these findings. Subgroup analyses
may have been underpowered because of smaller sample sizes within age strata. The
relatively small number of sensitized patients may also have limited statistical power in
this model.

In addition, food allergy assessment did not include standardized evaluation of non–
IgE-mediated forms, which are relatively common in early childhood and may occur
without detectable IgE sensitization. Therefore, the contribution of non-IgE-mediated food
allergy to adenoid hypertrophy severity could not be assessed.

7. Clinical Implications
In children diagnosed with adenoid hypertrophy, particularly those with advanced

hypertrophy, comprehensive evaluation for concomitant atopic diseases and immunological
markers may be clinically beneficial. Integration of biological indicators, such as total IgE
levels and eosinophilia, into clinical decision-making processes may contribute to more
individualized follow-up and treatment strategies.

8. Future Directions
Prospective, multicenter studies will help to more clearly define the relationship

between adenoid hypertrophy and atopic diseases. In addition, evaluation of local adenoid
tissue inflammation, local IgE production, and cytokine profiles may help elucidate the
underlying pathophysiological mechanisms. Subgroup analyses according to age groups
may further clarify developmental differences in atopic and inflammatory responses.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/children13030374/s1. Table S1: Prevalence of atopic features and advanced
adenoid hypertrophy by age group. Table S2: Multivariable logistic regression analyses of factors
associated with advanced adenoid hypertrophy stratified by age group.
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5. Brożek, J.L.; Bousquet, J.; Agache, I.; Agarwal, A.; Bachert, C.; Bosnic-Anticevich, S.; Brignardello-Petersen, R.; Canonica, G.W.;
Casale, T.; Chavannes, N.H.; et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines—2016 revision. J. Allergy Clin.
Immunol. 2017, 140, 950–958. [CrossRef]

6. Galli, S.J.; Tsai, M.; Piliponsky, A.M. The development of allergic inflammation. Nature 2008, 454, 445–454. [CrossRef]
7. de Steenhuijsen Piters, W.A.A.; Sanders, E.A.M.; Bogaert, D. The role of the local microbial ecosystem in respiratory health and

disease. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2015, 370, 20140294. [CrossRef]
8. Evcimik, M.F.; Dogru, M.; Cirik, A.A.; Nepesov, M.I. Adenoid hypertrophy in children with allergic disease and influential factors.

Int. J. Pediatr. Otorhinolaryngol. 2015, 79, 694–697. [CrossRef] [PubMed]
9. Bogaert, D.; Keijser, B.; Huse, S.; Rossen, J.; Veenhoven, R.; van Gils, E.; Bruin, J.; Montijn, R.; Bonten, M.; Sanders, E. Variability

and diversity of nasopharyngeal microbiota in children: A metagenomic analysis. PLoS ONE 2011, 6, e17035. [CrossRef]
10. Pereira, L.; Monyror, J.; Almeida, F.T.; Almeida, F.R.; Guerra, E.; Flores-Mir, C.; Pachêco-Pereira, C. Prevalence of adenoid

hypertrophy: A systematic review and meta-analysis. Sleep Med. Rev. 2018, 38, 101–112. [CrossRef]
11. Cassano, P.; Gelardi, M.; Cassano, M.; Fiorella, M.L.; Fiorella, R. Adenoid tissue rhinopharyngeal obstruction grading based

on fiberendoscopic findings: A new approach to therapeutic management. Int. J. Pediatr. Otorhinolaryngol. 2003, 67, 1303–1309.
[CrossRef]

12. Global Initiative for Asthma (GINA). Global Strategy for Asthma Management and Prevention. 2024 Update. Available online:
https://ginasthma.org (accessed on 24 February 2026).

13. Hanifin, J.M.; Rajka, G. Diagnostic features of atopic dermatitis. Acta Derm. Venereol. Suppl. 1980, 92, 44–47. [CrossRef]
14. Severity scoring of atopic dermatitis: The SCORAD index. Dermatology 1993, 186, 23–31. [CrossRef] [PubMed]
15. Modrzynski, M.; Zawisza, E. An analysis of the incidence of adenoid hypertrophy in allergic children. Int. J. Pediatr. Otorhino-

laryngol. 2007, 71, 713–719. [CrossRef]
16. Dogru, M.; Evcimik, M.F.; Calim, O.F. Does adenoid hypertrophy affect disease severity in children with allergic rhinitis? Eur.

Arch. Otorhinolaryngol. 2017, 274, 209–213. [CrossRef]
17. Huang, S.W.; Giannoni, C. The risk of adenoid hypertrophy in children with allergic rhinitis. Ann. Allergy Asthma Immunol. 2001,

87, 350–355. [CrossRef]
18. Bousquet, J.; Van Cauwenberge, P.; Khaltaev, N. Allergic rhinitis and its impact on asthma. J. Allergy Clin. Immunol. 2001, 108,

S147–S334. [CrossRef] [PubMed]
19. Skoner, D.P. Allergic rhinitis: Definition, epidemiology, pathophysiology, detection, and diagnosis. J. Allergy Clin. Immunol. 2001,

108, S2–S8. [CrossRef] [PubMed]
20. Parikh, S.R.; Coronel, M.; Lee, J.J.; Brown, S.M. Validation of a new grading system for adenoid hypertrophy. Otolaryngol. Head.

Neck Surg. 2006, 135, 684–687. [CrossRef]
21. Rothenberg, M.E. Eosinophilic inflammation in allergic disease. J. Allergy Clin. Immunol. 1998, 101, S359–S366.
22. Simon, H.U.; Rothenberg, M.E.; Bochner, B.S.; Weller, P.F.; Wardlaw, A.J.; Wechsler, M.E.; Rosenwasser, L.J.; Roufosse, F.; Gleich,

G.J.; Klion, A.D. Refining the definition of hypereosinophilic syndrome. J. Allergy Clin. Immunol. 2010, 126, 45–49. [CrossRef]
[PubMed]

https://doi.org/10.3390/children13030374

https://doi.org/10.1016/S0030-6665(20)31638-8
https://doi.org/10.1542/peds.113.2.351
https://doi.org/10.1128/JCM.00870-14
https://www.ncbi.nlm.nih.gov/pubmed/24920770
https://doi.org/10.1177/000348940111000908
https://doi.org/10.1016/j.jaci.2017.03.050
https://doi.org/10.1038/nature07204
https://doi.org/10.1098/rstb.2014.0294
https://doi.org/10.1016/j.ijporl.2015.02.017
https://www.ncbi.nlm.nih.gov/pubmed/25758194
https://doi.org/10.1371/journal.pone.0017035
https://doi.org/10.1016/j.smrv.2017.06.001
https://doi.org/10.1016/j.ijporl.2003.07.018
https://ginasthma.org
https://doi.org/10.2340/00015555924447
https://doi.org/10.1159/000247298
https://www.ncbi.nlm.nih.gov/pubmed/8435513
https://doi.org/10.1016/j.ijporl.2006.12.018
https://doi.org/10.1007/s00405-016-4196-x
https://doi.org/10.1016/S1081-1206(10)62251-X
https://doi.org/10.1067/mai.2001.118891
https://www.ncbi.nlm.nih.gov/pubmed/11707753
https://doi.org/10.1067/mai.2001.115569
https://www.ncbi.nlm.nih.gov/pubmed/11449200
https://doi.org/10.1016/j.otohns.2006.05.003
https://doi.org/10.1016/j.jaci.2010.03.042
https://www.ncbi.nlm.nih.gov/pubmed/20639008
https://doi.org/10.3390/children13030374


Children 2026, 13, 374 13 of 13

23. Sadeghi-Shabestari, M.; Jabbari Moghaddam, Y.; Ghaharri, H. Is there any correlation between allergy and adenotonsillar tissue
hypertrophy? Int. J. Pediatr. Otorhinolaryngol. 2011, 75, 589–591. [CrossRef] [PubMed]

24. Kaur, R.; Adlowitz, D.G.; Casey, J.R.; Zeng, M.; Pichichero, M.E. Simultaneous respiratory viral infection and bacterial colonization
in adenoid tissue. Int. J. Pediatr. Otorhinolaryngol. 2015, 79, 1620–1624.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/children13030374

https://doi.org/10.1016/j.ijporl.2011.01.026
https://www.ncbi.nlm.nih.gov/pubmed/21377220
https://doi.org/10.3390/children13030374

	Introduction 
	Materials and Methods 
	Study Design and Patient Selection 
	Inclusion and Exclusion Criteria 
	Assessment of Adenoid Hypertrophy 
	Assessment of Atopic Features 
	Clinical Atopy Definition 
	IgE-Mediated Sensitization Definition 
	Eosinophilia Definition (Inflammatory Marker) 

	Clinical Data and Treatment Approach 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Patient Characteristics 
	Degree of Adenoid Hypertrophy 
	Distribution of Atopic Features 
	Factors Associated with Atopy 
	Factors Associated with Advanced Adenoid Hypertrophy 

	Discussion 
	Conclusions 
	Limitations and Strengths 
	Clinical Implications 
	Future Directions 
	References

