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Background: Allergic rhinitis (AR) and adenoid hypertrophy (AH) frequently coexist in children, yet the relationship between
allergic disease severity and the extent of adenoid enlargement remains incompletely defined. This study aimed to investigate the
association between AR severity, allergic inflammatory burden, and the degree of AH in dust mite—sensitized children.

Methods: We conducted a cross-sectional analysis of 170 children with dust mite—sensitized AR from Northern China. AH was
assessed by nasal endoscopy and classified as grade III or IV. AR severity was evaluated using the Total Nasal Symptom Score
(TNSS), visual analogue scale (VAS), and Pediatric Rhinoconjunctivitis Quality of Life Questionnaire (PRQLQ-S). Allergic inflam-
matory markers included peripheral blood eosinophil counts (EOS), total IgE, and Dermatophagoides pteronyssinus (d1) and
Dermatophagoides farinae (d2)-specific IgE. Group comparisons and Spearman correlation analyses were performed.

Results: Children with grade IV AH exhibited significantly higher TNSS, VAS scores, and nasal symptom burden compared with
those with grade III hypertrophy (all P < 0.001). Nasal obstruction, rhinorrhea, and nasal itching scores were also significantly
increased. TNSS (r = 0.426), VAS (r = 0.458), and PRQLQ-S (r = 0.348) showed moderate positive correlations with the percentage of
choanal obstruction (all P < 0.001). In addition, eosinophil counts, total IgE, and dust mite—specific IgE levels demonstrated weaker
but significant correlations with adenoid obstruction.

Conclusion: AR severity is positively and dose-dependently associated with AH in dust mite—sensitized children. These findings
suggest that adenoid enlargement is associated with clinical and immunological markers of allergic inflammation and highlight the
importance of early and effective control of allergic rhinitis to prevent progressive AH.
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Introduction
Allergic rhinitis (AR) is one of the most common chronic inflammatory airway diseases in childhood, characterized by IgE-
mediated immune responses, and the global prevalence of pediatric AR continues to rise, particularly in regions with high
allergen exposure and urbanization.' > House dust mite sensitization remains the dominant allergic trigger in China, contributing
to perennial symptoms and sustained inflammatory activity.*” Adenoid hypertrophy (AH) is another frequent pediatric condition
and a major cause of nasal obstruction, mouth breathing, snoring, and sleep-disordered breathing in children. Traditionally, AH
has been attributed to recurrent or chronic infections leading to lymphoid hyperplasia.®” However, increasing attention has been
directed toward the potential role of allergic inflammation in driving adenoid enlargement.'®!" The adenoid is an immunolo-
gically active lymphoid organ located in the nasopharynx and is continuously exposed to inhaled allergens.

Previous studies have demonstrated an increased prevalence of AH in children with AR, suggesting a possible association
between allergic disease and adenoid enlargement.'*'* Nevertheless, most available data are based on binary comparisons,
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such as the presence or absence of AR or AH. Such approaches do not adequately address whether the severity of allergic
rhinitis is associated with the extent of AH. As a result, it remains unclear whether adenoid enlargement simply coexists with
allergic rhinitis or reflects the cumulative burden of chronic allergic inflammation on nasopharyngeal lymphoid tissue.

In this context, we conducted a cross-sectional study in a well-defined cohort of dust mite—sensitized children with
allergic rhinitis from Northern China. By combining validated symptom-based severity assessments, quality-of-life
measures, laboratory markers of allergic inflammation, and endoscopic evaluation of AH, we aimed to investigate the
association between AR severity, allergic inflammatory burden, and the degree of adenoid obstruction. We hypothesized
that increasing AR severity would be associated with progressively greater AH, consistent with a severity-dependent
effect of chronic allergic inflammation.

Methods and Materials
Study Design and Population

This was a cross-sectional study conducted in a pediatric population from Northern China. The study was conducted in
accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Institutional Review Board of
the Second Qilu Hospital of Shandong University (Ethics Approval Number KYLL-2018 (KJ) P-0028). Between
1 December 2020 and 30 November 2025, a total of 170 consecutive children diagnosed with allergic rhinitis were enrolled
from outpatient clinics. All participants had confirmed sensitization to house dust mites and completed clinical evaluation,
laboratory testing, and nasal endoscopic examination within the same clinical period.

Allergic rhinitis was diagnosed according to established international and national guidelines. The diagnosis required
the presence of typical allergic nasal symptoms, including nasal obstruction, rhinorrhea, sneezing, and/or nasal itching,
persisting for at least four weeks, together with objective evidence of allergen sensitization. Sensitization was confirmed
by serum-specific IgE testing to Dermatophagoides pteronyssinus (d1) and/or Dermatophagoides farinae (d2), with
a level of >0.35 kUA/L considered positive.

Children aged 3—12 years with confirmed dust mite—sensitized AR were eligible for inclusion. Exclusion criteria were
defined to minimize potential confounding factors affecting nasal symptoms or adenoid size and included: (1) acute upper
respiratory tract infection at the time of assessment; (2) chronic rhinosinusitis with nasal polyps; (3) significant nasal structural
abnormalities, such as severe septal deviation; (4) previous adenoidectomy or tonsillectomy; (5) known systemic immuno-
deficiency; (6) current systemic immunosuppressive therapy; and (7) concurrent diagnosis of asthma. Written informed
consent was obtained from the parents or legal guardians of all participating children.

Assessment of Adenoid Hypertrophy

Adenoid size was assessed using flexible nasal endoscopy performed by experienced clinicians who were blinded to laboratory
results at the time of examination. The degree of AH was classified according to a modified endoscopic grading system based on
the percentage of choanal obstruction, as previously described and validated in the literature.'® Briefly, adenoid size was graded
according to the proportion of choanal obstruction observed during endoscopy, with higher grades indicating greater airway
compromise. In general, lower grades correspond to minimal-to-moderate obstruction, whereas higher grades (III-1V) represent
substantial to near-complete obstruction of the choanal airway. For the purpose of analysis, patients were grouped into grade 111
and grade IV AH, representing moderate and severe obstruction, respectively. Grades I and Il were not included in the analysis, as
the present study focused on clinically significant adenoid hypertrophy. The percentage of choanal obstruction was also recorded
as a continuous variable for correlation analyses.

Assessment of AR Severity and Symptom Burden

The severity of allergic rhinitis was evaluated using multiple validated instruments to capture both symptom burden and
patient-reported disease impact. The Total Nasal Symptom Score (TNSS) was calculated as the sum of individual scores for
nasal obstruction, rhinorrhea, sneezing, and nasal itching, with higher scores indicating greater symptom severity. Overall
symptom severity was further assessed using a visual analogue scale (VAS), in which patients or their caregivers rated the
overall impact of nasal symptoms on a scale from 0 (no symptoms) to 10 (most severe symptoms). In addition, disease-related
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quality of life was evaluated using the Pediatric Rhinoconjunctivitis Quality of Life Questionnaire (PRQLQ-S), focusing on
the symptom domain. All symptom assessments were completed during the same clinical visit as nasal endoscopy to ensure
temporal consistency between clinical evaluation and adenoid assessment.

Laboratory Measurements

Peripheral venous blood samples were collected from all participants for laboratory analysis. Eosinophil counts were
measured as part of routine complete blood cell counts. Total serum IgE levels and dust mite—specific IgE (d1 and d2)
levels were quantified using standardized immunoassay techniques. All laboratory analyses were performed in a certified
clinical laboratory following manufacturer instructions and quality control procedures.

Statistical Analysis

Statistical analyses were performed using GraphPad Prism (GraphPad Software, San Diego, CA, USA). Continuous
variables were presented as mean =+ standard deviation (SD), and categorical variables were expressed as counts and
percentages. Data distribution was assessed using the Shapiro—Wilk normality test. For comparisons between two groups
(grade III vs. grade IV AH), normally distributed continuous variables were analyzed using the unpaired Student’s #-test,
while non-normally distributed variables were analyzed using the Mann—Whitney U-test. Categorical variables were
compared using the y’-test. Correlations between the percentage of choanal obstruction and clinical or laboratory
parameters were assessed using Spearman’s rank correlation analysis. Correlation coefficients (r) and corresponding
P values were reported. All statistical tests were two-sided, and a P value < 0.05 was considered statistically significant.

Results

Baseline Characteristics

A total of 170 children with dust mite—sensitized allergic rhinitis were included in the final analysis. Based on nasal
endoscopic evaluation, 120 children (70.6%) were classified as having grade III AH, while 50 children (29.4%) were
classified as having grade IV hypertrophy. The distribution of age and sex was comparable between the two groups, with
no statistically significant differences observed, indicating good baseline demographic comparability (Table 1). The mean
age of children with grade III hypertrophy was 6.38 + 1.48 years, compared with 5.92 = 1.72 years in the grade IV
group. Male-to-female ratios were similar between groups. These findings suggest that differences observed in subse-
quent analyses were unlikely to be driven by baseline demographic imbalance.

Allergic Rhinitis Symptom Severity According to AH Grade

Children with grade IV AH exhibited a significantly greater overall burden of allergic rhinitis symptoms compared with those
with grade III hypertrophy. The Total Nasal Symptom Score (TNSS) was significantly higher in the grade IV group (6.84 +
1.39) than in the grade III group (5.97 £ 0.82; P < 0.0001), indicating more severe cumulative nasal symptoms
(Figure 1A). Similarly, overall symptom severity assessed by the visual analogue scale (VAS) was markedly increased in
children with grade IV hypertrophy (8.18 = 1.88 vs. 6.66 + 1.49; P < 0.0001; Figure 1F). When individual nasal symptoms
were analyzed, children with grade IV hypertrophy reported significantly higher scores for nasal obstruction, rhinorrhea, and
nasal itching compared with those with grade III hypertrophy (Figure 1B, 1C and E).In contrast, sneezing scores did not differ
significantly between the two groups (Figure 1D), suggesting that not all symptom domains were equally associated with
adenoid enlargement. Disease-related quality of life was also more adversely affected in children with severe AH. PRQLQ-S
scores were significantly higher in the grade IV group than in the grade III group (4.76 &+ 0.95 vs. 4.14 + 1.11; P = 0.0008),
reflecting a greater negative impact of allergic symptoms on daily activities and well-being (Figure 1G).

Immunological Characteristics According to AH Grade

Differences in immunological parameters were also observed between children with grade III and grade IV
AH. Peripheral blood eosinophil counts were modestly but significantly higher in the grade IV group compared with
the grade III group (0.51 £ 0.24 x10°/L vs. 0.43 £ 0.23 x10°/L; P = 0.0368; Figure 1K). Total serum IgE levels showed
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Table | Clinical Characteristics, Allergic Symptom Severity, and Immunological Profiles of Dust Mite—Sensitized Children with Allergic
Rhinitis Stratified by Adenoid Hypertrophy Grade

Adenoid Adenoid P value
Hypertrophy (AH) Hypertrophy (AH)
Grade Il (n=120) Grade IV (n=50)

Gender (Male/Female) 75/45 35/15 0.351

Age (Year, meanSD) 6.38+1.48 5.92£1.72 0.0838
Nasal obstruction (mean+SD) 1.83+0.38 1.94+0.51 0.1087
Runny nose (mean+SD) 1.32+0.67 1.58+0.64 0.0197
Sneezing (meantSD) 0.93£0.68 1.08+0.78 0.1946
Nasal itching (meanSD) 1.90+0.70 2.24+0.74 0.0053
Total Nasal Symptom Score (TNSS, mean+SD) 5.97+0.82 6.84+1.39 <0.0001
Visual Analog Scale (VAS, mean+SD) 6.66x1.49 8.18+1.88 <0.0001
Pediatric Rhinoconjunctivitis Quality of Life Questionnaire — Standardized version 4.14£1.11 4.76+0.95 0.0008

(PRQLQ-S, mean+SD)

Eosinophil levels (EOS,*109/L, mean*SD) 0.43+0.23 0.51+0.24 0.0368
Total IgE (kU/L, meanSD) 262.71£267.45 330.60£231.71 0.1192
SIgE level of dermatophagoides pteronyssinus (d1, Der p, kUA/L, meantSD) 18.62+22.61 31.48+£30.27 0.0027
SIgE level of dermatophagoides farinae (d2, Der f, kUA/L, mean+SD) 13.90+18.53 23.23+21.42 0.0048

Notes: *Data are presented as mean #* standard deviation unless otherwise indicated. Allergic rhinitis was diagnosed according to established guidelines. Adenoid
hypertrophy grade was determined by nasal endoscopy based on the percentage of choanal obstruction. Eosinophil levels are expressed as X 10%/L. Serum-specific IgE
(sIgE) levels to Dermatophagoides pteronyssinus (d|) and Dermatophagoides farinae (d2) were measured in kUA/L, with values 20.35 kUA/L considered positive. A two-
sided P value <0.05 was considered statistically significant.

considerable inter-individual variability and did not differ significantly between the two groups (Figure 1H). In contrast,
dust mite—specific IgE levels were significantly higher in children with grade IV hypertrophy. Both Dermatophagoides
pteronyssinus—specific IgE (d1) and Dermatophagoides farinae—specific IgE (d2) levels were elevated in the grade IV
group compared with the grade III group (Figure 11 and J), indicating a higher allergen-specific sensitization burden in
children with more severe adenoid obstruction.

Correlation Between Adenoid Obstruction and Allergic Rhinitis Severity

To further explore the relationship between AH and allergic disease severity, Spearman correlation analyses were
performed using the percentage of choanal obstruction as a continuous variable. Significant positive correlations were
observed between choanal obstruction and multiple measures of allergic rhinitis severity. Specifically, the degree of adenoid
obstruction was moderately correlated with TNSS (r=0.4263, P <0.001) and VAS scores (r=0.4584, P <0.001), indicating
that greater adenoid enlargement was associated with increased overall symptom burden (Figure 2B and C). A significant
correlation was also observed between choanal obstruction and PRQLQ-S scores (r = 0.3475, P < 0.001; Figure 2A),
suggesting that AH was associated with worse disease-related quality of life.

Correlation Between Adenoid Obstruction and Allergic Inflammatory Markers

In addition to symptom-based measures, adenoid obstruction was positively correlated with laboratory markers of allergic
inflammation. Peripheral blood eosinophil counts showed a significant but relatively weak correlation with the percentage of
choanal obstruction (r = 0.2008, P < 0.001; Figure 2D). Similarly, total serum IgE levels were positively correlated with adenoid
obstruction (r = 0.2663, P < 0.001; Figure 2E). Dust mite—specific IgE levels also demonstrated significant positive correlations
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Figure | Comparison of allergic symptom severity and immunological parameters between grade Il and grade IV adenoid hypertrophy in dust mite—sensitized children with allergic
rhinitis. Box-and-scatter plots show comparisons of (A) Total Nasal Symptom Score (TNSS), (B) nasal obstruction score, (C) runny nose score, (D) sneezing score, (E) nasal itching
score, (F) visual analogue scale (VAS), (G) Pediatric Rhinoconjunctivitis Quality of Life Questionnaire—symptom domain (PRQLQ-S), (H) total serum IgE, (I) Dermatophagoides
pteronyssinus—specific IgE (dl), (J) Dermatophagoides farinae—specific IgE (d2), and (K) peripheral blood eosinophil counts between children with grade Il and grade IV adenoid
hypertrophy as assessed by nasal endoscopy. P values are indicated as follows: ns, not significant (P = 0.05); *P < 0.05; **P < 0.01; ***P < 0.001; ***P < 0.0001.
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Figure 2 Correlation between adenoid obstruction and allergic symptom severity and inflammatory markers in dust mite—sensitized children with allergic rhinitis. Scatter plots
illustrate the associations between the percentage of choanal obstruction assessed by nasal endoscopy and (A) Total Nasal Symptom Score (TNSS), (B) visual analogue scale (VAS),
(C) Pediatric Rhinoconjunctivitis Quality of Life Questionnaire—symptom domain (PRQLQ-S), (D) peripheral blood eosinophil count, (E) total serum IgE, (F) Dermatophagoides
pteronyssinus—specific IgE (d1), and (G) Dermatophagoides farinae—specific IgE (d2).
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with adenoid obstruction. Both d1-specific IgE (r = 0.2224, P < 0.001; Figure 2F) and d2-specific IgE (r = 0.1899, P < 0.001;
Figure 2G) increased with increasing degrees of choanal obstruction. Compared with symptom-based measures, these correla-
tions were weaker in magnitude, indicating that clinical symptom severity may more closely reflect the integrated impact of
chronic allergic inflammation on AH.

Discussions

In this cross-sectional study of dust mite—sensitized children with allergic rhinitis from Northern China, we demonstrated
a clear association between allergic disease severity and the degree of AH. Children with more severe adenoid
obstruction exhibited higher allergic symptom burden, worse disease-related quality of life, and increased markers of
allergic inflammation. Moreover, when adenoid obstruction was analyzed as a continuous variable, significant positive
correlations were observed with both symptom-based severity scores and immunological parameters, supporting
a severity-dependent relationship between allergic rhinitis and AH.

One important observation of this study is that overall allergic rhinitis severity, as reflected by TNSS and VAS scores,
increased in parallel with the degree of adenoid obstruction. Among individual nasal symptoms, nasal obstruction,
rhinorrhea, and nasal itching were more strongly associated with severe AH, whereas sneezing did not differ significantly
between groups. This finding is consistent with the concept that symptoms related to persistent mucosal inflammation and
airflow limitation are more closely linked to structural upper airway changes, while reflex-mediated symptoms such as
sneezing may be less dependent on anatomical obstruction. In addition, higher PRQLQ-S scores in children with severe
AH indicate that adenoid enlargement is associated not only with increased symptom intensity but also with a broader
negative impact on daily functioning and quality of life.'®

Beyond symptom-based assessments, we observed significant associations between AH and markers of allergic inflam-
mation. Children with grade IV AH had higher peripheral blood eosinophil counts and higher dust mite—specific IgE levels
compared with those with grade III hypertrophy. When analyzed continuously, eosinophil counts, total serum IgE, and dust
mite—specific IgE levels all showed positive correlations with the percentage of choanal obstruction. Similar associations
between systemic allergic markers and AH have been reported previously, although the strength of these correlations has
varied across studies.'”'® The relatively modest magnitude of these correlations in the present study likely reflects the
multifactorial nature of AH, in which allergic inflammation interacts with local immune responses, microbial exposure, and
host susceptibility.'*'*?!

Our findings extend previous reports describing an increased prevalence of AH in children with allergic rhinitis by
demonstrating a graded, severity-dependent relationship between allergic disease burden and the degree of adenoid
obstruction.”? Most earlier studies relied on binary classifications of allergic rhinitis or AH, which limited their ability to capture
dose—response relationships. By stratifying AH severity and integrating clinical symptom scores with immunological parameters,
our study provides additional evidence supporting a pathophysiological link between chronic allergic inflammation and adenoid
tissue remodeling.

From a mechanistic perspective, the adenoid is an immunologically active lymphoid organ that is continuously exposed to
inhaled allergens. In children sensitized to house dust mites, persistent allergen exposure may result in sustained immune
activation within nasopharyngeal lymphoid tissue, potentially promoting lymphoid proliferation and progressive adenoid
enlargement over time. These findings have important clinical implications. First, AH in children with allergic rhinitis should
not be considered solely a mechanical or infection-related condition, but rather as part of a broader allergic inflammatory
spectrum. In clinical practice, assessment of allergic rhinitis severity using standardized tools such as TNSS or VAS may help
identify children at higher risk of significant adenoid obstruction, thereby enabling earlier risk stratification and closer clinical
monitoring. Second, our results suggest that optimization of anti-allergic therapy may have broader benefits beyond symptom
control. In children with moderate-to-severe allergic rhinitis and persistent nasal obstruction, treatments such as intranasal
corticosteroids, antihistamines, or allergen immunotherapy may not only alleviate symptoms but could also potentially
influence the progression of adenoid hypertrophy, although prospective evidence is still needed. Third, integrating allergic
disease assessment into the evaluation of pediatric AH may help inform clinical decision-making, particularly regarding the
timing of referral, imaging, or consideration of surgical intervention such as adenoidectomy. Conversely, optimized anti-
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allergic management may improve nasal symptoms and potentially influence adenoid-related outcomes in selected patients,
although current evidence remains limited and inconsistent.

Several limitations of this study should be acknowledged. First, the cross-sectional design precludes causal inference, and
longitudinal studies are required to determine whether worsening allergic inflammation directly contributes to adenoid growth
over time. Second, although strict inclusion and exclusion criteria were applied, residual confounding cannot be fully
excluded. Factors such as environmental allergen exposure, microbial colonization, and individual susceptibility may
influence both allergic inflammation and adenoid hypertrophy. Third, adenoid size was assessed by nasal endoscopy without
histological evaluation, limiting insight into local immune mechanisms within adenoid tissue. Fourth, this was a single-center
study focusing on dust mite—sensitized children from Northern China, which may limit the generalizability of the findings to
populations with different allergen profiles or environmental conditions. Finally, although multiple systemic markers were
included, local inflammatory markers within the nasopharynx were not assessed. Future studies incorporating tissue-level or
local immune profiling may provide deeper mechanistic insight into the link between allergic inflammation and adenoid
remodeling.

In conclusion, this study demonstrates that increasing severity of allergic rhinitis is associated with greater AH in dust
mite—sensitized children. Both clinical symptom burden and allergic inflammatory markers show positive associations with
the degree of adenoid obstruction, supporting a severity-dependent relationship between chronic allergic inflammation and
adenoid enlargement.

Conclusions

In dust mite-sensitized children with allergic rhinitis, greater disease severity is associated with more severe
AH. Adenoid obstruction correlates with allergic symptom burden, impaired quality of life, and markers of allergic
inflammation, supporting a severity-dependent relationship between chronic allergic inflammation and adenoid
enlargement. Consideration of allergic rhinitis severity may be important in the evaluation of pediatric AH.
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