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Objective: This study aimed to explore whether children with AH have a higher obesity prevalence and analyze the risk factors for 
otitis media with effusion(OME) in AH children.
Methods: AH patients aged 3–12 years old that were hospitalized in our hospital for adenoidectomy from June 2020 to 
September 2022 were included in this study. Height and weight were measured to calculate the body mass index, weight for height 
and weight z-score to evaluate the development of AH children. Propensity score matching was applied to minimize patient selection 
bias and adjust for confounding factors to analyze the risk factors for OME in children with AH.
Results: A total of 887 children with AH were enrolled in this study. The prevalence of overweight or obesity was higher in children 
with AH than the control group. The size of adenoids is significantly different between AH children with and without OME. For 
children aged over 5, there are significantly higher counts of white blood cells, neutrophils, and monocytes in the AH children with 
OME than those without OME. More individuals represent to be atopic in children with OME than those without OME.
Conclusion: The obstruction of the Eustachian tube is the most important factor of OME in AH children. It seems that there is no 
apparent correlation between OME and atopic conditions in AH children. In addition to surgical resection of adenoids, active control 
of infection and inflammation are also important to prevent OME for AH children aged over 5.
Keywords: adenoid hypertrophy, otitis media with effusion, risk factors, atopic conditions

Introduction
Adenoid hypertrophy(AH), which is a natural response to increased immunologic activity in early life is the most 
common cause of upper airway obstruction in children and adolescents.1,2 Studies have shown that the prevalence of AH 
is about 42–70%.3 The high incidence of adenoid hypertrophy and a series of complications such as mouth breathing, 
obstructive sleep apnea, otitis media with effusion(OME), sinusitis, and craniofacial anomalies caused by severe upper 
airway obstruction make the parents pay more attention to it.4

The global prevalence of obesity has tripled over the past decade, both in adults and children.5,6 Previous studies6,7 

have suggested a possible relationship between adenotonsillar hypertrophy and obesity rates. Nevertheless, considering 
the small sample size, the correlation between obesity and adenoid hypertrophy is worthy of further study.7 Meanwhile, 
as a common complication of adenoidal hypertrophy, related studies also point out that obesity is associated with the 
occurrence of OME.5 However, in AH children, whether obesity is associated with OME remains to be further analyzed. 
Some factors, such as allergy and infection, are thought to be involved in the development of OME.8 Therefore, atopic 
condition and infection are probably the risk factors of OME in children with AH and it is warranted to further study.

In this study, we aimed to evaluate the development of children with AH and whether the children with AH have 
a higher obesity prevalence. Propensity score matching(PSM), as a statistical method that offers certain advantages over 
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more traditional regression methods to reduce confounding biases in observational studies9 was applied in this study in 
analyzing the risk factors of otitis media with effusion in children of adenoid hypertrophy.

Methods
This is a retrospective study conducted at the Fifth Affiliated Hospital of Sun Yat-sen University in southern china. AH 
patients aged 3–12 years old that were hospitalized in the hospital for adenoidectomy from June 2020 to September 2022 
were included in this study. Children with any other chronic diseases, recurrent otitis media, recurrent tonsillitis, upper 
respiratory tract infection, a history of fever within two weeks, pneumonia, congenital diseases, and other infectious 
diseases were excluded. Children with OME who had myringotomy at the same time as the adenoidectomy were 
included in the OME group. The remaining patients were included in the NOME group. A variety of demographic 
information was collected, including sex, age, height, weight and disease duration. The size of the tonsils and adenoids 
was recorded prior to surgery. Tonsils were graded as follows:10 Grade I, tonsil confined to tonsillar fossa; Grade II, 
tonsils extending just outside the anterior pillars; Grade III, tonsils extending outside the posterior pillars but not meeting 
in the midline; and Grade IV, tonsils meeting in the midline and almost completely obstructing the airway. Size of the 
adenoids was graded based on the percentage of adenoid tissue occupying the rhinopharyngeal cavity: grade 1 (<25%); 
grade 2 (<50%); grade 3 (<75%); and grade 4 (>75%).11

To explore whether overweight and obesity are related to AH and the occurrence of OME in AH children, the height 
and weight of each child were measured to calculate the weight-for-age z-score(WAZ), height-for-age z-score (HAZ) and 
BMI-for-age z-score (BAZ) by the WHO anthro and anthroplus package in R 4.2.1 software.12 The BAZ of children 
reported in the study13 that investigated the BAZ of Chinese children all over the country were included in the control 
group. The BAZ ≥1 was defined as overweight, and BAZ ≥2 was defined as obesity.

Standard laboratory procedures were used to collect blood samples from all participants for further analysis. The 
ImmunoCAP 100 (Uppsala, Sweden) was used to measure serum Immunoglobulin E(sIgE)specific to Dermatophagoides 
pteronyssinus, Dermatophagoides farinae, Penicillium notatum, Cladosporium herbarum, Aspergillus fumigatus, dog 
dander, cat epithelia, egg, milk, wheat flour, fish, peanut, soybean, common ragweed, mugwort sagebrush, willow, and 
poplar. It is considered to be positive when a sIgE value ≥0.35 kU/L. Individuals who are positive for at least one of these 
allergens are considered to be atopic.14

PSM was applied to minimize patient selection bias and adjust for confounding factors between patients in OME and 
NOME groups. One to two matched analyses using nearest-neighbor matching were performed with 0.03 standard 
deviations of the logit of the propensity score as the caliper value. Patients were then divided into two groups according 
to age to analyze the differences between OME and NOME groups in children of different ages.

Statistical analyses were carried out using SPSS 24.0 software (SPSS, Inc.; Chicago, IL, USA) and R 4.2.1 
software. Continuous variables and categorical variables were presented as mean±standard deviation(SD) and 
percentage, respectively. For normally distributed and skewed variables, independent samples t-tests and Mann– 
Whitney U-tests were used to examine differences between the two groups. Chi-square test was performed to 
compare the categorical variables in two groups. Statistical significance was determined when p<0.05 for all 
statistical tests.

Results
Overweight and Obesity Rate Analysis of AH Children
A total of 887 AH children were included in this study (550 boys and 337 girls). The mean age of the enrolled patients is 
5.71±2.23 years. The Distributions of 3 scores (HAZ, WAZ, BAZ) of AH children are shown in Table 1. The overweight 
and obesity rates of AH children are 11.61% and 9.58%. The overweight rate of AH boys and girls is 12.55% and 
10.09%, respectively. However, the obesity rate of AH boys and girls is 11.27% and 6.82%, respectively. The obesity rate 
of AH boys is much higher than AH girls.

The overweight and obesity rates of AH children are higher than those of Chinese children reported by the recent 
nationwide research13 (control group) (p<0.05). For AH girls, there is no significant difference in overweight and obesity 
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rates compared with the reported prevalence. The obesity and overweight rates of AH boys are 11.27% and 12.55%, 
which are significantly higher than AH girls (p<0.05). Moreover, the obesity and overweight rates of AH boys are also 
significantly higher than those of boys in the control group (p<0.05). The details are in Table 2.

Table 1 Distributions of 3 Scores (HAZ, WAZ, BAZ) of AH Children

Z-Score* HAZ WAZ (AGE 3–10) BAZ

Sum <−2 10(1.13%) 24(2.81%) 85(9.58%)

−1~−2 46(5.19%) 88(10.32%) 159(17.93%)

−1~0 169(19.05%) 254(29.78%) 270(30.44%)

0~1 285(32.13%) 249(29.19%) 185(20.86%)

1~2 238(26.83%) 139(16.30%) 103(11.61%)

≥2 139(15.67%) 99(11.61%) 85(9.58%)

Sum 887(100.00%) 853(100.00%) 887(100.00%)

Boys <−2 9(1.64%) 14(2.66%) 50(9.09%)

−1~−2 32(5.82%) 55(10.46%) 98(17.82%)

−1~0 104(18.91%) 149(28.33%) 161(29.27%)

0~1 160(29.09%) 146(27.76%) 110(20.00%)

1~2 150(27.27%) 89(16.92%) 69(12.55%)

≥2 95(17.27%) 73(13.88%) 62(11.27%)

Sum 550(100.00%) 526(100.00%) 550(100.00%)

Girls <−2 1(0.30%) 10(3.06%) 35(10.39%)

−1~−2 14(4.15%) 33(10.09%) 61(18.10%)

−1~0 65(19.29%) 105(32.11%) 109(32.34%)

0~1 125(37.09%) 103(31.50%) 75(22.26%)

1~2 88(26.11%) 50(15.29%) 34(10.09%)

≥2 44(13.06%) 26(7.95%) 23(6.82%)

Sum 337(100.00%) 327(100.00%) 337(100.00%)

Notes: *Prevalence indicator of z-score: −2: Prevalence corresponding to <-2 SD, −1: 
Prevalence corresponding to < −1 SD, 1: Prevalence corresponding to>1 SD, 2: 
Prevalence corresponding to>2 SD.

Table 2 Comparison of BAZ for AH Children and Control Group

AH children Control group χ2 p-value

Overweight Obesity Overweight Obesity

Total 11.61% 9.58% 10.00% 7.70% 7.637 0.022*

Girls 10.09% 6.82% 9.40% 7.00% 0.186 0.911

Boys 12.55% 11.27% 10.60% 8.40% 8.943 0.011*

Note: *p<0.05:There is a statistically significant difference.
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Patient Characteristics of AH Children with and without OME
Of the enrolled AH children, 626 patients were allergic to at least one allergen. 143 with OME and 744 without OME were 
included in the OME and NOME groups. As it is shown in Table 3, the age and the size of adenoids are significantly different 
between OME and NOME groups (p=0.008 and p=0.041, respectively). The age of OME group is older than the NOME 
group. Compared with the NOME group, more patients with adenoid hypertrophy of grade 4. There is no significant difference 
in gender, duration, BAZ, and the size of the tonsils. 142 and 275 patients with and without OME were selected after one to 
two nearest-neighbor matching PSM analyses. There is no significant difference in gender, age, duration, BAZ, tonsil size, and 
adenoid size after PSM.

Peripheral Blood Parameters Analysis
From the peripheral blood parameters analysis, the counts of white blood cells(WBC), Neutrophils, Neutrophils%, and 
monocytes are much higher in the OME group than in the NOME group (p<0.05). A greater proportion of patients in 
NOME group than that of OME group represent to be atopic (Table 4).

Table 3 Baselines of AH Children with and without OME Before PSM and After PSM

Variables Before PSM t/χ2 p -value After PSM t/χ2 p-value

OME NOME OME NOME

Subjects 143 744 142 275

Gender

Girls 59(41.26%) 278(37.37%) 0.772 0.380 59(41.55%) 112(40.73%) 0.026 0.872

Boys 84(58.74%) 466(62.63%) 83(58.45%) 163(59.27%)

Age 5.30±1.97 5.79±2.27 2.675 0.008* 5.27±1.95 5.24±1.93 −0.139 0.889

Duration 1.33±1.21 1.57±1.42 1.880 0.060 1.31±1.19 1.46±1.37 1.087 0.278

BAZ 1.875 0.866 3.101 0.684

14(9.79%) 71(9.54%) 14(9.86%) 28(10.18%)

31(21.68%) 128(17.20%) 31(21.83%) 46(16.73%)

41(28.67%) 229(30.78%) 41(28.87%) 95(34.55%)

27(18.89%) 158(21.24%) 26(18.31%) 56(20.36%)

16(11.19%) 87(11.69%) 16(11.27%) 24(8.73%)

14(9.79) 71(9.54%) 14(9.86%) 26(9.45%)

Tonsil Hypertrophy 3.642 0.303 1.734 0.629

1 33(23.08%) 127(17.07%) 33(23.24%) 59(21.45%)

2 47(32.87%) 280(37.63%) 47(33.10%) 109(39.64%)

3 34(23.78%) 166(22.31%) 34(23.94%) 58(21.09%)

4 29(20.28%) 171(22.98%) 28(19.72%) 49(17.82%)

Adenoid Hypertrophy 6.409 0.041* 0.135 0.935

2 6(4.20%) 55(7.39%) 5(3.52%) 9(3.27%)

3 42(29.37%) 277(37.23%) 42(29.58%) 86(31.27%)

4 95(66.43%) 412(55.38%) 95(66.90%) 180(65.45%)

Note: *p<0.05:There is a statistically significant difference.
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Peripheral Blood Parameters Analysis in Different Age Sub-Groups
To further analyze the differences between AH patients with and without OME in different age groups. We divided the 
propensity score-matched cohort into two age groups: ≤5 years (n=273) and >5 years (n=144) (Table 5). Only the count 
of Platelets and Neutrophil to lymphocyte ratio showed statistically significant results between OME and NOME groups 
in AH children under 5 years of age. For AH children older than 5 years, the counts of WBC, Platelets, Neutrophils, and 
monocytes exhibited a significant elevation in the OME group (p<0.05).

Table 4 The Peripheral Blood Parameters Analysis Between OME and NOME After PSM

OME NOME t/χ2 p-value

WBC 7.74±2.00 7.22±1.89 2.583 0.010*

Platelets 356.07±93.33 323.87±66.63 3.658 <0.001*

Width of red blood cell distribution 37.24±2.50 37.44±2.36 −0.805 0.421

Neutrophil to lymphocyte ratio 1.24±0.68 1.13±0.62 1.592 0.112

Platelets to lymphocyte ratio 116.41±41.92 109.12±34.93 1.885 0.060

Neutrophils 3.72±1.55 3.31±1.42 2.720 0.007*

Neutrophils% 47.01±10.47 44.92±10.91 1.881 0.061

Lymphocyte 3.26±0.98 3.19±1.01 0.684 0.494

Lymphocytes% 43.39±10.57 45.16±10.83 −1.602 0.110

Monocytes 0.50±0.22 0.45±0.23 1.977 0.049*

Monocytes% 6.53±3.32 6.28±2.56 0.834 0.405

Eosinophils 0.22±0.18 0.23±0.20 −0.641 0.522

Eosinophils% 2.83±1.97 3.14±2.52 −1.295 0.196

Basophils 0.04±0.03 0.04±0.03 0.282 0.778

Basophils% 0.55±0.28 0.58±0.31 −0.984 0.326

Width of platelets distribution 10.27±1.97 10.19±1.71 0.398 0.691

Atopic

Yes 86(60.56%) 197(71.64%) 5.265 0.022*

No 56(39.44%) 78(28.36%)

Note: *p<0.05:There is statistically significant difference.

Table 5 Peripheral Blood Parameters Analysis in Different Age Sub-Groups

Age Under 5 t/χ2 p-value Age Over 5 t/χ2 p-value

OME NOME OME NOME

Subjects 97 176 45 99

WBC 7.67±2.04 7.37±1.94 1.231 0.219 7.87±1.95 6.96±1.78 2.758 0.007*

Platelets 354.89±94.89 325.28±66.09 2.73 0.007* 358.62±90.89 321.36±67.84 2.456 0.017*

Width of red blood cell distribution 36.84±2.19 37.22±2.55 −1.243 0.215 38.09±2.91 37.82±1.92 0.575 0.567

Neutrophil to lymphocyte ratio 1.14±0.63 1.03±0.56 1.488 0.138 1.45±0.73 1.32±0.69 1.067 0.288

(Continued)
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Discussion
In this study, we analyzed growing development in children with AH according to the WHO criteria. And we compared 
the growing development data of AH patients with the national survey of children.13 The overweight and obesity rate of 
AH children was significantly higher than in the control group.13 This is consistent with the previous studies that have 
suggested a possible association between obesity and adenotonsillar hypertrophy.6,7 Adipose tissue deposited around the 
pharynx and neck, along with hypertrophic adenoids largely plays a part in obstructive sleep apnea(OSA) in obese 
children.7,15–17 Therefore, obese or overweight AH children are more likely to have symptoms such as snoring and open- 
mouth breathing getting their parents’ attention to accepting further treatment in the hospital. It is therefore important for 
obese or overweight children to be aware of nasal congestion, snoring, open-mouth breathing, as well as other symptoms 
of AH in order to receive early treatment to prevent serious OSA. The overweight and obesity rate of boys both in AH 
and the control group is higher than that of girls. A common phenomenon, parental son preference in China that makes 
families pay more attention to boys may be the reason for this difference.

Age and the size of adenoid are found to be significantly different between AH children with and without OME in our 
study. The age of AH children with OME is significantly lower than that of AH children without NOME. Compared to 
the NOME group, more patients in the OME group with grade 4 adenoid hypertrophy with statistical significance. 
Thereby, young children with low immunity and the hypertrophic adenoids compress or obstruct the Eustachian tube 
ostium are the main risk factors for OME in AH patients. Previous studies have suggested that being overweight and 
obese are the risk factors for OME.5,18 However, our results indicated that there were no significant differences in the 
rates of obesity and overweight between OME and NOME groups. This difference is probably due to AH in children not 
being included in the risk factors analysis. Therefore, obesity or being overweight is probably not the risk factor for OME 
in children with AH.

Table 5 (Continued). 

Age Under 5 t/χ2 p-value Age Over 5 t/χ2 p-value

OME NOME OME NOME

Platelets to lymphocyte ratio 111.80±39.74 102.14±31.29 2.212 0.028* 126.36±45.13 121.52±37.68 0.671 0.503

Neutrophils 3.56±1.57 3.26±1.43 1.645 0.101 4.06±1.48 3.40±1.41 2.558 0.014*

Neutrophils% 45.32±10.71 43.26±10.55 1.532 0.127 50.65±9.03 47.86±10.96 1.606 0.111

Lymphocyte 3.39±1.04 3.40±1.03 −0.048 0.962 2.99±0.77 2.83±0.87 1.058 0.292

Lymphocytes% 45.45±10.75 47.15±10.34 −1.280 0.201 38.94±8.74 41.64±10.84 −1.59 0.115

Monocytes 0.49±0.24 0.46±0.26 0.959 0.338 0.50±0.16 0.43±0.16 2.633 0.009*

Monocytes% 6.50±3.89 6.28±2.88 0.547 0.585 6.57±1.53 6.29±1.88 0.893 0.373

Eosinophils 0.19±0.16 0.21±0.19 −0.774 0.439 0.26±0.22 0.26±0.21 0.081 0.936

Eosinophils% 2.64±1.88 2.87±2.36 −0.846 0.398 3.23±2.12 3.62±2.72 0.832 0.407

Basophils 0.04±0.02 0.04±0.03 0.099 0.921 0.04±0.03 0.04±0.02 0.413 0.680

Basophils% 0.55±0.29 0.56±0.32 −0.174 0.862 0.54±0.27 0.61±0.30 1.436 0.153

Width of platelets distribution 9.74±1.24 9.92±1.42 −1.031 0.303 11.41±2.68 10.69±2.05 1.601 0.114

Atopic 0.155 0.054

Yes 59(60.82%) 122(69.32%) 2.019 27(60.00%) 75(75.76%) 3.718

No 38(39.18%) 54(30.68%) 18(40.00%) 24(24.24%)

Note: *p<0.05:There is a statistically significant difference.
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Then, PSM analysis was applied to exclude the confounding factors to analyze the difference of indicators in the 
peripheral blood between the OME and NOME groups. In this study, statistically significant elevated WBC, neutrophils, 
and monocytes counts were founded in the OME group compared to the NOME group (p<0.05).

The current study showed that 70.57% (626/887) AH children were sensitive to at least one allergen, which is in 
agreement with the previous study19 that reported 66.8% adenoidal hypertrophy children with atopy. A study20 inves
tigated the allergic sensitization of children in southern China found that 59.70% of children were allergic to at least one 
allergen. This result is consistent with the previous studies,19–22 indicating this is a close association between AH and 
allergy. Interestingly, previous studies have indicated that there is an independent relationship between allergic responses 
and OME.23,24 However, our results show that there are more atopic individuals in the NOME group. There was no 
significant difference in allergy-related indicators25–27 such as the count of eosinophils and basophils in the two groups. 
In previous studies, the obstruction of the Eustachian tube caused by AH has not been included in the analysis.23,24 For 
this reason, we propose that for AH children, the atopic response is not the critical risk factor for the occurrence of OME. 
Furthermore, the risk factors of OME are found to be different in the two age-subgroups. In children aged under 5, no 
statistically significant difference in meaningful indicators was seen in the peripheral blood parameters between the OME 
and NOME groups. Nevertheless, for children aged over 5, this study showed significantly higher counts of WBC, 
neutrophils, and monocytes in the OME group compared to the NOME group. Thus, these results demonstrated that for 
AH children aged under 5, the obstruction of the Eustachian tube caused by AH is the main risk factor of OME; and for 
AH children aged over 5, infection and the immune response are the critical risk factors of OME in addition to the 
obstruction of the Eustachian tube caused by AH.

Our study had several limitations. Indicators of infection or inflammation such as C-reactive protein and procalcitonin 
were not included in this study. Another limitation is that this is a single-center study. A multicenter study with more 
subjects should be conducted for further research.

Conclusion
Overall, obesity or being overweight is not a risk factor for OME in AH children. The obstruction of the Eustachian tube 
is the main risk factor of OME in AH children under 5. The infection and immune response are also involved in the 
occurrence of OME in AH children over 5. In addition to surgical resection of adenoids, active control of infection and 
inflammation are also important to prevent OME for AH children age over 5. And it seems that there is no apparent 
correlation between OME and atopic conditions in AH children.
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