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Chronic otitis media with effusion in children
with adenoidal hypertrophy: Development of a

diagnostic prediction model

Yu Wu®1#, Yuan Jiang?*#, Yan-Xun Han ®?, Da-Ming Wang!, Chang-Yu Yao?, and Ye-Hai Liu ®?*

Chronic otitis media with effusion (COME) is a prevalent condition that poses significant risks to the growth and development of
children with adenoidal hypertrophy (AH). This study investigates the risk factors associated with COME in children diagnosed with AH
and establishes a clinical prediction nomogram to enhance diagnostic accuracy. The study included 311 children with AH, diagnosed
through lateral nasopharyngeal radiographs, from the Department of Otorhinolaryngology Head and Neck Surgery at the First
Affiliated Hospital of Anhui Medical University. Risk factors were identified using the least absolute shrinkage and selection operator
(LASSO), while Firth’s penalized logistic regression analysis was employed to further refine the variables and develop a predictive
model. The model’s performance was assessed using the C-index, calibration curve, and decision curve analysis, with internal validation
conducted through bootstrapping. The resulting predictive nomogram included four key risk factors: young age, vitamin D3 deficiency,
degree of AH, and tympanometry results. The model exhibited strong predictive capabilities, achieving a C-index of 0.945

(95% confidence interval: 0.941, 0.949). Bootstrapping validation confirmed a high C-index of 0.934. The calibration curve
demonstrated good alignment, while the decision curve indicated a net benefit across thresholds of 10%-90%. This
nomogram—incorporating tympanometry, AH degree, serum vitamin D3 levels, and age—serves as a valuable tool for clinicians

and families in assessing the risk of COME in children with AH.
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Introduction
Otitis media with effusion (OME) is characterized by the pres-
ence of fluid in the middle ear without acute inflammation.
A duration of OME exceeding three months is classified as
chronic OME (COME) [1]. COME is among the most prevalent
conditions affecting early childhood. Epidemiological studies
have reported incidence rates of COME in adolescents ranging
from approximately 15% to 30% in the United States, 32.3%
in India, 16.5% in children attending primary clinics in South
Africa, and between 1.16% and 30.7% in various regions of
China [1-4]. Research by Tos [5] indicated that children expe-
rience OME at least once during their early years. COME is
a significant contributor to hearing loss in children and can
adversely impact speech and social development [6]. Addition-
ally, prolonged negative pressure in the middle ear may influ-
ence vestibular function, leading to varying degrees of balance
disorders in children during daily activities [7].

Research has identified multiple etiological factors asso-
ciated with COME, including respiratory tract infections,
adenoidal hypertrophy (AH)—influenced by the degree and
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location of the adenoid —maxillofacial deformities, allergic and
immune responses, family environment, and breastfeeding
practices [8-12]. Adenoids, functioning as immune lymphoid
tissues in the nasopharynx, play a crucial role in prevent-
ing upper respiratory infections during infancy. However, the
lymphoid tissues of young children may undergo hyperplas-
tic changes due to repeated exposure to various pathogens,
such as bacteria and viruses, leading to mouth breathing. Pro-
longed mouth breathing can contribute to maxillofacial defor-
mities. Austin demonstrated that hyperplastic adenoids can
mechanically obstruct the pharyngeal ostium of the Eustachian
tube, resulting in sustained negative pressure in the middle
ear and tympanic cavity, a common cause of COME in young
children [13, 14].

Tympanometry serves as an effective, non-invasive method
for assessing middle ear pressure, although it requires a cer-
tain level of cooperation from children. However, traditional
tympanometry lacks 100% accuracy in diagnosing the presence
of fluid in the middle ear [15, 16], particularly in type C tym-
panograms at 226 Hz [11]. Myringotomy and tympanocentesis
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are regarded as gold standards for diagnosing middle ear effu-
sionbutalso necessitate highlevels of cooperation from both the
child and parents. These procedures must be performed under
general anesthesia in pediatric patients and carry operational
risks, such as poor healing of the tympanic membrane and
damage to the auditory ossicles. Consequently, there is a need
for a non-invasive and accurate diagnostic method for COME
that integrates tympanometry with additional clinical factors.
Nomograms, as visualization tools for statistical models, can
consolidate multiple clinical variables, thereby enhancing the
interpretability of predictive models.

This study aims to analyze and identify the risk factors for
COME in children with AH, develop a diagnostic prediction
model, and present it as a nomogram. The model is designed to
provide a supplementary diagnostic tool for clinical settings in
primary hospitals in China while minimizing the risks associ-
ated with invasive procedures.

Materials and methods

This study included children who exhibited persistent noc-
turnal mouth breathing and underwent surgical treatment
between October 2021 and September 2022 at the Department
of Otorhinolaryngology, Head and Neck Surgery, The First Affil-
iated Hospital of Anhui Medical University. All participants
presented with symptoms of consistent mouth breathing and
were diagnosed with AH through lateral nasopharyngeal radio-
graphs, with or without accompanying hearing loss. Prior to
surgery, all children received conservative treatment for a min-
imum of three months, which included intranasal steroid ther-
apy and oral montelukast sodium, among other interventions.
The children in this study showed inadequate improvement
following these conservative measures. All pediatric patients
underwent fasting blood sampling within 24 h of admission
and, barring any contraindications, received surgical inter-
vention within 72 h. Exclusion criteria encompassed a history
of trauma to the head, middle, or inner ear; nasopharyngeal
tumors; Down syndrome; mental illness; intellectual disabili-
ties; congenital hearing impairment; significant comorbidities
(e.g., heart, liver, kidney, or hematopoietic disorders); severe
malnutrition; severe rickets; congenital cleft palate; craniofa-
cial abnormalities; or developmental disorders of the nervous
system. Family members of the patients provided informed con-
sent and understanding regarding the study.

Invasive examinations often provoke resistance and dis-
tress in children, complicating the subjective assessment of AH
classification. Given that lateral nasopharyngeal projection is
more readily accessible in Chinese primary hospitals and more
acceptable to children, this study utilized lateral nasopharyn-
geal projection results instead of electronic laryngoscopy to
ascertain the presence of AH [17, 18]. The adenoid/nasopharyn-
geal (A/N) ratio served as the metric for evaluating the degree
of AH. The thickness of the adenoid (A) was defined as the
vertical distance from the most prominent point of the inferior
margin of the adenoid to the tangent line of the occipital clivus.
The width of the nasopharyngeal cavity at the most prominent
part of the adenoid (N) was determined as the vertical distance
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from the posterior end of the hard palate to the intersection of
the pterygoid plate and the skull base. The A/N ratio was calcu-
lated by dividing these two measurements. Various diagnostic
methods for AH in children using lateral nasopharyngeal pro-
jection have been proposed both domestically and internation-
ally, including the Fujioka diagnostic criteria [19]. After careful
consideration of multiple standards, we selected the criterion
most appropriate for the Chinese context. Based on a literature
review [19-23], AH was classified into three categories: normal
(A/N < 0.60), moderate (0.60 < A/N < 0.70), and pathological
(A/N > 0.70). Two senior attending physicians independently
interpreted the lateral nasopharyngeal radiographs. In cases
where discrepancies in A/N ratio measurements arose, a chief
physician made the final determination. Otherwise, the mea-
surement from the more experienced senior attending physi-
cian was used. All physicians were blinded to the clinical data.
The A/N ratios for the children in this study were found to be
>0.60. Tympanometry was conducted using the AT235 device
by Interacoustics in a quiet environment with a 226 Hz probe
tone, and results were classified according to the Liden-Jerger
classification system. Each patient underwent tympanometry
twice: first during the initial clinic visit and again within 24 h of
hospital admission. The tympanometry results obtained during
hospitalization were used for data analysis. For further statisti-
cal analysis, patients were divided into three groups based on
tympanometry results: Group A included children with tym-
panogram A in both ears (AA), Group C included children with
tympanogram C (CC, AC, CA), and Group B included children
with tympanogram B (BB, BC, CB, AB, BA) [24]. All participants
underwent adenoidectomy and tympanocentesis under general
anesthesia. If clinically indicated, these pediatric patients may
subsequently receive myringotomy with or without grommet
insertion. Patients were further categorized based on the pres-
ence or absence of middle ear effusion: AH with and without
COME.

Relevant demographic data were extracted from medical
records, including sex, age, duration of AH, height, weight, and
the season of hospitalization as defined by the astronomical
division method. Nutritional status was assessed using age- and
sex-adjusted body mass index (BMI). According to the World
Health Organization (WHO) 2006 child growth standards, sub-
jects with a BMI below the 5th percentile for their sex and age
group were classified as underweight, those with a BMIbetween
the 85th and 95th percentiles were categorized as overweight,
and those with a BMI at or above the 95th percentile were
considered obese [25, 26]. Serum vitamin D3 levels were mea-
sured using a chemiluminescence immunoassay (CLIA) plat-
form (CL-8000i, Mindray), with a coefficient of variation of
<10%. Vitamin D3 deficiency was defined as a serum level of
<20 ng/mL [27]. The percentages of neutrophils, lymphocytes,
eosinophils, monocytes, and basophils were recorded during
routine blood examinations. Additionally, allergen test results
and total immunoglobulin E (IgE) levels were included.

Ethical statement
The study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by the ethics
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committee of The First Affiliated Hospital of Anhui Medical
University (Approval No. PJ 2023-13-30). Informed consent was
obtained from the parents of all participants.

Statistical analysis

Descriptive statistics were performed using IBM SPSS Statistics
for Windows, version 26.0. Continuous data with normal distri-
butions were expressed as means =+ standard deviation, while
continuous data with skewed distributions were presented as
medians (p25, p75), and discrete data were reported as N (%).
Prior to data filtering, continuous variables were categorized
based on the 5th, 35th, 65th, and 95th percentiles [28]. The least
absolute shrinkage and selection operator (LASSO) method,
suitable for high-dimensional data reduction, was employed
to select optimal predictive features among the risk factors
associated with AH in children [29, 30]. A Firth’s penalized
logistic regression was conducted for final variable selection
and predictive model development, utilizing the selected
features to estimate the probability of outcome occurrence [31].
A two-sided P value of <0.05 was considered statistically
significant. The predictive model was represented as a
nomogram.

Results

This study involved 311 children diagnosed with AH. The male-
to-female ratio among participants was approximately 3:2, with
186 male and 125 female patients categorized into two groups
based on tympanocentesis findings: those with COME and those
without. Table 1 summarizes the demographic and clinical char-
acteristics of the participants.

To address the limitations of linear assumptions, this study
opted not to construct a full restricted cubic spline (RCS) model.
Instead, we utilized four recommended knot positions (p5, p35,
P65, p95) to convert continuous variables into multi-categorical
variables (Table 2), thereby simplifying the analytical process
while still capturing potential nonlinear trends [28]. Employ-
ing LASSO regression, we identified eight key features from
the 311 children: age, preoperative tympanometry results, vita-
min D3 deficiency, A/N ratio, degree of AH, season of hospi-
talization, and the percentages of lymphocytes and basophils
(Figure 1). These variables were analyzed using Firth’s penal-
ized logistic regression (Table 3), resulting in four indepen-
dent risk factors that were statistically significant: preoperative
tympanometry results, vitamin D3 deficiency, degree of AH,
and age. A predictive model incorporating these four factors
was developed and presented as a nomogram (Figure 2). The
calibration curve of the nomogram for predicting the risk of
COME in children with AH indicated a strong fit between the
apparent and ideal lines (Figure 3). The C-index for the predic-
tion nomogram was 0.945 (95% confidence interval [CI] 0.941,
0.949). Bootstrap validation, which recalibrated the coefficients
for the final set of predictors, yielded a C-index of 0.934, further
confirming the nomogram’s high discriminative power. The
incidence of AH with COME in this predictive model was 21.2%
(66/311), comparable to the findings of Niedzielski et al. (20.4%,
110/539) [32]. Within this threshold, the decision curve was
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consistently above the none and all lines (Figure 4), indicating
that all patients could benefit from this predictive model within
a threshold range of 10%-90%. Thus, this model demonstrates
significant clinical applicability.

Discussion

This study developed a noninvasive diagnostic tool for COME
in children with AH. Traditional diagnostic methods for COME
include physical examinations and tympanometry. Physical
examination of the ear is conducted using standard otoscopy
or the maneuver method, wherein the presence of fluid in the
middle ear is assessed through visual inspection of the tympanic
membrane and tympanic cavity. However, electronic otoscopy
may induce anxiety in children, leading to crying, which can
obscure the examiner’s judgment. Consequently, cases of COME
may be missed or misdiagnosed. Watters et al. [16] demon-
strated that endoscopy alone is insufficient for reliably detect-
ing middle ear effusion. Additionally, Ma et al. [33] reported
that only 63.75% of children with COME exhibited middle ear
effusion during examination. In our study, all children under-
went a comprehensive physical examination prior to surgery,
revealing a diagnostic rate of middle ear effusion of 65.2%
(43/66) in the AH with COME group. The missed diagnoses may
stem from the subjective nature of otoscopic judgments, which
can vary based on examiner experience.

Tympanometry, a noninvasive and objective method for
detecting pressure changes in the middle ear, is frequently
employed to assist in diagnosing COME. Wu et al. [34] indicated
that the preoperative tympanometric B-type curve pattern hasa
higher diagnostic rate for middle ear effusion. Despite this, tra-
ditional otological examination methods still exhibit room for
improvement regarding their detection rates for COME. During
our investigation, we considered including audiological factors;
only auditory brainstem response (ABR) testing can accurately
assess hearing loss across all pediatric age groups [10]. How-
ever, this diagnostic tool is not readily available in primary
healthcare settings in China.

Recent guidelines in various countries have strongly advo-
cated for pneumatic otoscopy as a critical examination method
for diagnosing OME [10, 35, 36]. However, since pneumatic oto-
scopy requires significant cooperation from pediatric patients
and has not been widely adopted, the proportion of diagnosed
middle ear effusion cases remains low. In primary health-
care, only 7%-33% of physicians utilize pneumatic otoscopy for
diagnosing middle ear effusion [10]. Some researchers have
reported high specificity and sensitivity for routine middle ear
and mastoid scans in diagnosing middle ear effusion [37]; how-
ever, due to radiation exposure, these scans are not recom-
mended for younger patients.

In conclusion, the present study developed an accessible
noninvasive tool by analyzing independent risk factors for
COME in children with AH and evaluating its efficacy and clini-
cal significance. The nomogram integrates traditional otological
examinations with easily obtainable clinical data, enabling clin-
icians to calculate the probability of COME for children with AH
based on outpatient examination results.
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Table 1. Univariate analysis of potential risk factors for chronic otitis media with effusion (COME) in children with adenoid hypertrophy (AH)

AH with COME AH without COME
Variables (n=66) (n = 245) Total (n = 311) Test statistics Pvalue
Age (year) 6(5,8) 6(4,8) 6(4,8) Z=-1217 0.223
Sex x%=0.022 0.881
Male 40 (60.6%) 146 (59.6%) 186 (59.8%)
Female 26 (39.4%) 99 (40.4%) 125 (40.2%)
AH course (month) 18(9.75, 36) 18 (12, 33) 18 (12, 36) Z=-0.114 0.909
Season x%=4.419 0.031
Winter and spring 39 (59.1%) 87 (35.5%) 126 (40.5%)
Summer and autumn 27 (40.9%) 158 (64.5%) 185 (59.5%)
BMI x2=12210 0.530
Normal 41(62.1%) 150 (61.2%) 191 (61.4%)
Underweight 0(0.0%) 7(2.9%) 7(2.3%)
Overweight 8 (12.1%) 33 (13.5%) 41(13.2%)
Obesity 17 (25.8%) 55 (22.4%) 72(23.1)
A/N ratio 0.82(0.76, 0.88) 0.79(0.72, 0.86) 0.80(0.72, 0.86) 7=-2257 0.024
Degree x2=2417 0.116
Moderate 9(13.6%) 55 (22.4%) 64 (20.6%)
Pathologic 57 (86.4%) 190 (77.6%) 247 (79.4%)
Tympanometry x?>=106.857  <0.001
Normal 2(3.0%) 178 (72.6%) 180 (57.9%)
C type 24 (36.4%) 34 (13.9%) 58 (18.6%)
B type 40 (60.6%) 33 (13.5%) 73 (16.7%)
VD3 x2=37.851 <0.001
Normal 23(34.8%) 184 (75.1%) 211 (67.8%)
VD3 deficiency 43 (65.2%) 61(24.9%) 100 (32.3%)
Allergen test x2 =0.017 0.896
Normal 34 (51.5%) 124 (50.6%) 158 (50.1%)
Positive 32 (48.5%) 121 (49.4%) 153 (49.9)
Total IgE 60.25(27.80,166.00)  56.30(23.40,134.00)  56.40(25.30,135.00) Z=—0.500 0.617
NEUT% 44.90 (37.15, 53.15) 43.80 (35.10, 51.50) 44.00(36.00,52.20) Z=-1.406 0.160
LY% 43.2949.91 45.46+11.46 45.00411.17 t=1.403 0.162
MONO% 5.90 (4.90, 7.03) 6.10 (5.10, 6.90) 6.0 (5.10, 7.00) Z=-0.029 0.977
EOS% 2.95(1.80, 5.90) 3.10 (2.10, 5.35) 3.10 (2.00, 5.40) Z=-0.731 0.465
BASO% 0.50(0.30, 0.80) 0.50 (0.40, 0.70) 0.50 (0.40, 0.70) Z=-0.092 0.927

Abbreviations: BASO%: Percentage of basophils in routine blood examinations; BMI: Body mass index; EOS%: Percentage of eosinophils in routine blood
examinations; LY%: Percentage of lymphocytes in routine blood examinations; MONO%: Percentage of monocytes in routine blood examinations; NEUT%:
Percentage of neutrophils in routine blood examinations; Season: Season of hospitalization.

The risk factors for COME in children with AH have been
extensively studied [38]. While the pathogenesis of COME
remains unclear, multiple factors contribute to its develop-
ment. These factors include respiratory tract infections, AH,
maxillofacial deformities, allergic and immune responses, fam-
ily environment, breastfeeding practices, family economic sta-
tus, and parental education levels [8-10]. However, previous
studies have yielded varying results. This study identified inde-
pendent risk factors for COME in children with AH, including
the degree of AH, vitamin D3 deficiency, age, and preoperative
tympanometry results.
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To assess the severity of AH, the study utilized lateral
nasopharyngeal radiographs. Findings indicated that the degree
of AH correlates with the development of COME; specifically,
more severe AH increases the risk of COME. The Eustachian
tube, an essential anatomical structure, regulates air pressure
in the middle ear. Hypertrophic adenoid tissue can mechan-
ically obstruct the pharyngeal orifice of the Eustachian tube,
leading to negative pressure in the middle ear and the accu-
mulation of effusion [13]. Additionally, hypertrophic adenoids
serve as reservoirs for bacteria that form biofilms. Microorgan-
isms from the upper respiratory tract may ascend through the
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Factor selection utilizing LASSO regression analysis. LASSO regression in 311 children with adenoidal hypertrophy produced coefficient

profiles for all candidate variables across log(1) (left) and the cross-validated deviance curve (right). At the optimal value of A, eight predictors had
non-zero coefficients: age, preoperative tympanometry results, vitamin D3 deficiency, A/N ratio, degree of adenoidal hypertrophy, season of hospitalization,
percentage of lymphocytes, and percentage of basophils. Abbreviation: LASSO: Least absolute shrinkage and selection operator.

Table 2. Values of continuous variables at specific percentiles

Variable P5 P35 P65 P95
Age (year) 3 5 7 11

AH course (month) 4 12 24 60

A/N ratio 0.636 0.760 0.830 0.920
Total IgE 5.485 34.760 99.280 510.600
NEUT% 26.66 38.72 48.70 63.08
LY% 26.50 41.20 49.90 62.34
MONO% 4.00 5.50 6.60 8.62
EOS% 11 2.4 4.1 9.5
BASO% 0.2 0.4 0.6 1.0

Abbreviations: BASO%: Percentage of basophils in routine blood exam-
ination; EOS%: Percentage of eosinophils in routine blood examination;
LY%: Percentage of lymphocytes in routine blood examination; MONO%:
Percentage of monocytes in routine blood examination; NEUT%: Percentage
of neutrophils in routine blood examination; AH: Adenoid hypertrophy.

Eustachian tube mucosa to the middle ear, resulting in retro-
grade infections [39]. Although lateral nasopharyngeal radio-
graphs provide only a two-dimensional assessment of AH and
may not fully illustrate the specific anatomical relationship of
adenoid tissue obstructing the Eustachian tube’s pharyngeal
opening, numerous studies have demonstrated a significant
correlation between measurements from lateral radiographs
and those obtained via endoscopic evaluation [40, 41]. Thus,
lateral nasopharyngeal radiography remains a valuable tool for
estimating adenoid size and guiding surgical decisions.
Vitamin D3, the biologically active form of vitamin D in
humans, is synthesized in the skin through ultraviolet-induced
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photoconversion of cholesterol and can also be obtained from
dietary sources, such as animal liver. For healthy individu-
als, sunlight-derived vitamin D3 typically meets physiological
requirements. Growing evidence suggests a link between vita-
min D3 deficiency and the incidence of COME in children. A
randomized controlled trial found that daily supplementation
with 1000 IU of vitamin D3 over four months significantly
reduced the incidence of OME to 44.8%, compared to 66.5%
in the placebo group (P = 0.03) among 116 children [42]. This
finding is further supported by a cohort study conducted by
Walker et al. [43], which indicated that higher serum vita-
min D3 levels correlate with a decreased risk of COME. Con-
sistent with these reports, the nomogram developed in our
study revealed that lower serum vitamin D3 levels are asso-
ciated with an increased risk of COME in children with AH.
Notably, the prevalence of vitamin D3 deficiency was signif-
icantly higher in AH patients with COME compared to those
without (65.2% vs 24.9%, P < 0.01). This deficiency may con-
tribute to pathological changes such as squamous metaplasia of
the tympanic mucosa and impaired mucociliary clearance [44],
facilitating the persistence of effusion. The pathogenic process
likely involves colonized bacteria from hypertrophic adenoids
migrating via the Eustachian tube, inducing goblet cell hyper-
plasia in the middle ear epithelium and leading to mucus-rich
effusion with elevated mucin content [45]. Importantly, gob-
let cell proliferation often persists despite months of treat-
ment, indicating potential irreversibility [46]. Vitamin D3 may
modulate this process through various mechanisms, as higher
serum levels enhance the expression of cathelicidin, an antimi-
crobial peptide; however, elevated mucin concentrations in
middle ear effusion may compromise its efficacy [47, 48].
From an etiopathological perspective, vitamin D plays a crit-
ical role in regulating several key processes implicated in
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Table 3. Results of Firth’s penalized logistic regression analysis of potential risk factors for
chronic otitis media with effusion (COME) in children with adenoid hypertrophy (AH)

Variable Comparison Prediction model
p* 0dds ratio (95%Cl) P value

Age (year) Age=<3 (Reference)

3<Age=<5 -3.880 0.021(0.002, 0.176) <0.001

5<Age=<7 -3.744 0.024 (0.002, 0.183) <0.001

7<Age=<11 -4.335 0.013(0.001, 0.110) <0.001

Age>11 -4.643 0.010 (0.000, 0.156) <0.001
Tympanometry Normal (Reference)

Type C 3.870 47.93 (13.54, 169.74) <0.001

Type B 5.004 148.94 (40.54,547.43)  <0.001
VD3 deficiency No (Reference)

Yes 1.431 4.18 (1.49, 11.75) 0.006
Degree Moderate (Reference)

Pathologic 2.682 14.61(1.93, 110.40) 0.008
Intercept -6.731 0.001(0.000, 0.20) 0.007

*B is the regression coefficient

0 10 20 30 40 50 60 70 80 90 100
Points L L 1 1 1 L 1 L | 1 J
Pathologic
Degree : )
Moderate
C type
Tympanometry - L !
Normal B type
Yes
VD3deficiency —
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3 1
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Risk OfAH with COME T T | R o R e m 1
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Figure 2. Nomogram for predicting adenoid hypertrophy (AH) in patients with chronic otitis media with effusion (COME). This nomogram is
constructed using variables including age, tympanometry results, vitamin D3 deficiency, and the degree of adenoid hypertrophy. The age variable is encoded
as follows: O indicates <3 years; 1 indicates >3 to <5 years; 2 indicates >5 to <7 years; 3 indicates >7 to <11 years; and 4 indicates >11 years.

COME, including immune cytokine networks, Th1/Th2 balance, D3 can suppress T-lymphocyte proliferation and cytokine
pathogen eradication, and Eustachian tube function [49-52]. secretion, thereby mitigating immune-mediated tissue injury,
Dysregulation of Th1/Th2 immunity, particularly Th2-cellover-  inhibiting inflammatory cell activation, and reducing local
activation, is a significant mechanism in the development of mucin production [53, 54]. However, the causal relationship
COME. Experimental studies have demonstrated that vitamin between vitamin D3 deficiency and the development of COME
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Figure 3. Calibration curves of the nomogram. The bias-corrected line

closely aligns with the ideal line, indicating a strong consistency between the
model’s predicted probabilities and the observed outcomes. Abbreviations:
AH: Adenoid hypertrophy; COME: Chronic otitis media with effusion.

remains unclear. Scholars have suggested that the persistence
ofinflammatory states may affect vitamin D conversion [55-57].
Consequently, the high prevalence of vitamin D3 deficiency in
children with COME may be a result of chronic otitis media.

This study examined the seasonal patterns of hospitalization
among children with AH and COME. Notably, 59.1% of children
in the AH group with COME were admitted for treatment during
the winter and spring months, compared to only 35.5% of those
in the AH group without COME. A statistically significant dif-
ference in seasonal admissions was observed between the two
groups (x2 =4.419, P = 0.031). However, this characteristic was
not significant in LASSO regression analyses, likely due to the
correlation between seasonal variations and serum vitamin D3
levels. LASSO regression effectively mitigates multicollinear-
ity among factors by implementing feature selection. During
winter and early spring, shorter daylight hours reduce chil-
dren’s outdoor activities, leading to decreased vitamin D levels,
which are closely associated with sunlight exposure and gener-
ally diminish during these seasons [45, 58]. Further research is
necessary to explore the relationship between the incidence of
COME in children with AH and daily sunshine duration.

The nomogram developed in this study indicated that
younger children are at a heightened risk for developing COME.
Previous studies, both domestic and international, have shown
a correlation between younger age groups and the incidence
of COME [59, 60]. The youngest patient in the AH with COME
group was just 3 years old. Younger children often exhibit lim-
ited verbal skills, reduced attention spans, and difficulty under-
standing illness concepts or distinguishing between physical
symptoms. Consequently, parents of young children with AH
should remain vigilant regarding the potential for middle ear
effusion.

This study introduced a predictive model for COME in
patients with AH, utilizing risk factors and tympanometry
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Figure 4. Decision curve analysis of the prediction nomogram of AH
with COME. This curve is based on the predicted probabilities derived from
the apparent model, represented by the blue line. The figure compares the
net benefits of three strategies: (1) the predictive nomogram; (2) the “All”
strategy (Treat All), where all children with AH receive routine intervention;
and (3) the “None” strategy (Treat None), where no additional interven-
tion is administered to any child. The results indicate that across a broad
threshold probability range of 10% to 90%, utilizing our model for clinical
decision-making provides a higher net benefit compared to both the “All” and
“None” strategies. Across this range of threshold probabilities (10% to 90%),
the model provides clinical value by effectively identifying high-risk patients
for intervention at any chosen threshold, while avoiding overtreatment of
low-risk individuals. The red arrow denotes the incidence rate (21.2%) of
COME in children with AH as observed in this study. Abbreviations: AH:
Adenoid hypertrophy; COME: Chronic otitis media with effusion.

results presented in a clinically applicable nomogram. This
model serves as a personalized and relatively accurate tool
for predicting COME, offering significant clinical value given
the challenges in early detection of this condition. Specifically,
young children with AH frequently struggle to articulate symp-
toms, and parental awareness of COME is often insufficient [38].
Consequently, medical intervention is typically sought only
when children demonstrate substantial hearing loss or behav-
ioral issues, such as concentration difficulties noted by edu-
cators. Additionally, children residing in rural areas face a
greater risk of undiagnosed hearing impairments compared to
their urban peers [61]. Consistent with previous reports, our
study found that only 31.7% of patients with AH and COME
actively reported hearing loss, a rate aligned with findings by
Brennan-Jones et al. [15].

The model exhibited robust discriminative ability, achiev-
ing a C-index of 0.934 during internal validation, under-
scoring its potential for broader application in identifying
and managing COME in children with AH. To enhance
clinical utility, we established a three-tier risk stratifi-
cation system based on predicted probabilities: low-risk
(<20%), intermediate-risk (20%-60%), and high-risk (>60%).
Corresponding management strategies were proposed, includ-
ing watchful waiting with periodic follow-up for low-risk
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patients, referral for specialized audiological testing for
intermediate-risk cases, and consultation with a specialist for
high-risk individuals. This framework aims to serve as a clinical
decision support tool, with final treatment tailored to individual
patient conditions.

This retrospective study has several limitations. The selected
risk factors were derived from prior studies and clinical obser-
vations. While existing literature has established associations
between family socioeconomic status, indoor air pollution, fam-
ily size, and pet ownership with the occurrence of COME in
children [9, 62, 63], these potential socioeconomic factors were
not included in our analysis. Additionally, evidence suggests
that COVID-19 and its variants may influence the development
and persistence of middle ear effusion [64]. Future studies
should investigate the extent to which these factors contribute
to the development of COME in children with AH. The bootstrap
resampling approach was limited to refitting model coefficients
for the final set of predictors without repeated variable screen-
ing. Furthermore, this single-center retrospective study neces-
sitates validation through larger external datasets to confirm
the accuracy and specificity of the nomogram. Given practical
constraints, including limited equipment and technical capabil-
ities in Chinese primary hospitals, this study did not analyze
hearing loss in children or employ wideband acoustic immit-
tance (WAI) to assess middle ear effusion. Although existing
research has demonstrated that WAI offers higher sensitivity
and specificity than conventional 226 Hz acoustic immittance
in detecting middle ear effusion [65-67], such methods were
not feasible in our setting. Future investigations will aim to
incorporate more comprehensive audiological assessments to
further explore the mechanistic relationships between COME
and AH.

Conclusion

This study established a supplemental risk prediction model
for COME in children with AH, based on preoperative tympa-
nometry, the degree of AH, age, and serum vitamin D3 levels.
Clinicians can utilize this nomogram to estimate the probability
of this outcome and provide targeted medical interventions,
thereby mitigating the adverse effects of COME on the growth
and development of children with AH. The findings of this
study require validation through external data, and further
research is necessary to confirm the clinical significance of this
nomogram.
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