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Introduction

Pediatric sleep-disordered breathing is viewed as a contin-

Background and Objectives One of the most common surgical procedures in children is
adenoidectomy, but the causes of adenoid hypertrophy are not fully understood. Some studies
have found that allergies can be a risk factor for adenoid hypertrophy, asthma being one of these
allergic diseases. This study aimed to investigate the relationship between adenoid size and
asthma in a group of children.
Subjects and Method This study reviewed a total of 2063 pediatric patients with or without
atopy and asthma who visited the Otorhinolaryngology and Pediatric unit at a tertiary medical
center from January 2011 to June 2016. We classified these patients into 4 groups according to
the presence of asthma or atopy and randomly selected 100 patients from each group (to a to-
tal of 400 pts): group 1 (asthma-, atopy-); group 2 (asthma-, atopy-+); group 3 (asthma+, atopy-)
and group 4 (asthmat, atopy+). The presence of allergic sensitization (atopy) was evaluated by
CAP test and total IgE. Asthma was diagnosed according to the diagnosis criteria in the Kore-
an guideline for asthma. Adenoid size was evaluated with the adenoidal-nasopharyngeal ratio
(A/N ratio) by the adenoid view.
Results The four groups did not differ from each other significantly in age or sex. There was
a negative correlation between adenoid size and atopic and asthmatic condition. Group 1 had a
significantly larger A/N ratio than the other groups (group 1=0.534+0.138; group 2=0.469+
0.140; group 3=0.476+0.135; group 4=0.482+0.128, p<0.05). However, group 4 showed near-
ly identical results to groups 2 and 3, despite the combination of asthma and atopy in group 4.
Conclusion Large adenoids were negatively associated with atopy and asthma. This finding
may be explained by a decrease in adenoid stimulation by nasal obstruction and a difference
in the immune system, including allergic immune reactions. Further studies are needed.
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uum of severity from partial obstruction of the upper airway
that produces snoring, to increased upper airway resistance, to
continuous episodes of complete upper airway obstruction or
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obstructive sleep apnea (OSA). Pediatric OSA can cause mor-

bidity in children and may lead to growth failure, cardiovas-

which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

cular dysfunction, and behavioral abnormalities. This disease
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is caused by narrowing of the airway that may occur at sev-
eral sites; most commonly, enlarged tonsils and adenoids are
the source of nasopharyngeal and oropharyngeal narrowing.

The adenoids are part of the peripheral lymphatic tissue,
mainly composed of B-cell lymphocytes and T cells.” The ad-
enoids are part of Waldeyer’s ring, and they serve as a defense
against inhaled antigens, such as microbes and allergens.””
The adenoids are involved in the immune response, including
the innate and adaptive immune responses, because of their
position in the respiratory tract. After chronic stimulation by
inhaled antigens, the adenoids may enlarge to almost fill the
space between the choana and nasopharynx. Enlarged ade-
noids can cause negative reactions, such as interference with
the passage of nasal airflow. Adenoidal hypertrophy occurs in
about one third of the general pediatric population and con-
stitutes the most frequent otorhinolaryngological indication
for surgical intervention.*” Adenoidal hypertrophy provokes
symptoms including nasal obstruction, snoring, sleep apnea,
recurrent otitis media, and recurrent rhinosinusitis infections.”
There are many modalities to measure adenoid size and the
relationships with the upper airways, including acoustic rhi-
nometry, thinomanometry, nasal endoscopy, and radiologic
tools such as the adenoid view.” Among these tools, the most
commonly used are the adenoid view and nasal endoscopy.
Nasal endoscopy has the advantage that it provides direct vi-
sualization of the nasopharynx. With the adenoid view, we
can assess relationships of the adenoids and upper airways.

Enlargement and hypertrophy of the adenoids could be
caused by continuous antigenic stimulation associated with
chronic inflammation. The physical consequence of adenoidal
enlargement is the limitation of airflow. In children, the two
most common inflammatory conditions with nasal obstruc-
tion are allergy and infection. Some studies have assessed the
relationship between adenoid size and allergic rhinitis. Com-
monly, it has been thought that allergic stimulation including
allergic rhinitis stimulates lymphoid tissue, eventually leading
to adenoid hypertrophy. But, interestingly, Ameli, et al.” found
an inverse relationship between adenoidal hypertrophy and al-
lergic rhinitis. They reported that allergic rhinitis causes large
turbinates because of continuous allergic stimulation, and large
turbinates block the passage of allergens to the adenoids, re-
ducing adenoid size.

Given these findings, further studies are needed to deter-
mine the relationship between asthma and adenoid size. Asth-
ma is one of various allergic diseases, and it can also affect
allergenic stimulation to the airflow tract, including the ade-
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noids. Thus, this study aimed to identify the relationship be-
tween adenoid size and asthma in a group of children.

Subjects and Method

Subjects and evaluation

We conducted a retrospective review of medical records of
pediatric patients who visited one tertiary hospital in Korea on
suspicion of allergic disease from January 2011 to June 2016.
This study protocol was approved by the Samsung Medical
Center Institutional Review Board (IRB No. SMC 2019-05-
094-001) and the informed consents were waived. This study
included pediatric patients with or without atopy and asthma,
and analyzed adenoid size in normal, atopic and asthma pa-
tients. All patients were less than 15 years old and underwent
laboratory tests (Pharmacia CAP system and total IgE) for
atopy diagnosis, and a lateral X-ray view of the skull (adenoid
view) for the diagnosis of adenoid hypertrophy. Asthma was
diagnosed according to the diagnosis criteria in the Korean
guideline for asthma.” Patients were diagnosed with asthma if
they had a history of respiratory symptoms (dyspnea, wheez-
ing, chest discomfort, cough), identified variable expiratory
airflow limitation (by the bronchial provocation test), and had
a history of treatment by pediatric respiratory doctors. If pa-
tients were too young to execute provocation test, asthma was
diagnosed with history and physical examination by pediat-
ric doctors.

A total of 2063 pediatric patients completed both the labo-
ratory tests and adenoid view and were enrolled in this study
(629 asthmatic patients and 1434 non-asthmatic patients). We
divided these patients into 4 groups of 100 pediatric in each
groups. These patients were randomly selected from the 629
asthmatic and 1434 non-asthmatic patients according to the di-
agnosis of asthma and atopy (Table 1). Patients were exclud-
ed from the study if they met any of the exclusion criteria: 1)
symptoms of acute respiratory infection; 2) prior tonsil or ad-
enoid surgery; or 3) a history of craniofacial, neuromuscular,
or genetic disorders.

Adenoid size was evaluated with a lateral X-ray view of the
skull using the adenoidal-nasopharyngeal ratio (A/N ratio)

of Fujioka, et al."”

Adenoidal measurement (“A”) was the dis-
tance from the point of maximal adenoidal convexity along
the inferior margin of the adenoid shadow (A') to a line drawn
along the straight part of the anterior margin of the basiocciput
(B). Nasopharyngeal measurement (“N”’) was the distance

between the posterior superior edge of the hard palate (C) to



Table 1. Patient demographics
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Group 1 Group 2 Group 3 Group 4
mean=SD mean=SD mean=SD mean=+SD p value
(As-/At-) (As-/At+) (As+/At-) (As+/At+)
Sex (M:F) 69:31 77:23 51:49 63:37 0.45
Age (yr) 4.56 (+£2.38) 411 (+1.55) 3.84 (+£2.02) 4.50 (+£2.02) 0.27
D.pteronyssinus (IgE) 0.04 22.79 0.48 31.17
D.farinae (IgE) 0.05 44.96 1.13 49.82
Total IgE 63.43 362.99 25.19 819.67
Adenoid (mm) 16.44 15.53 14.37 14.65
Nasopharynx (mm) 30.79 31.72 30.19 30.39

%0 <0.05. M: male, F: female, SD: standard deviation

Fig. 1. Adenoidal-nasopharyngeal ratio. Adenoidal measurement was distance from the point of maximal adenoidal convexity along the
inferior margin of the adenoid shadow to a line drawn along the straight part of the anterior margin of the basiocciput (A). Nasopharyngeal
measurement was distance between the posterior superior edge of the hard palate to the anteroinferior edge of the sphenobasioccipital

synchondrosis (B).

the anteroinferior edge of the sphenobasioccipital synchon-
drosis (D) (Fig. 1).

Statistical analysis

All statistical analyses were performed with SPSS for Win-
dows version 20.0 (IBM Corp., Armonk, NY, USA). Adenoid
size differences were compared between the four groups. De-
mographic differences between the four groups and adenoid
size were compared using analysis of variance. Tukey and

Bonferroni’s method were used for post-hoc analysis. Statis-
tical significance was set at p<0.05.

Results

Demographic data

We classified patients into 4 groups of 100 patients each ac-
cording to the presence of atopy and asthma: group 1, asthma
absent, atopy absent; group 2, asthma absent, atopy present;
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group 3, asthma present, atopy absent; and group 4, asthma
present, atopy present. The groups did not differ significantly
by sex or age. The mean age was 4.56 years in group 1, 4.11
years in group 2, 3.84 years in group 3, and 4.50 years in group
4. For atopy diagnosis, patients underwent the Pharamacia
CAP test and IgE test. In the atopic groups (groups 2 and 4),
IgE for D.pteronyssinus and D.farinae and total IgE were high-
er than for the non-atopic groups (groups 1 and 3) (Table 1).

Adenoid size differences according to the presence
of asthma and atopy

Next, we evaluated the difference in adenoid size between
the 4 groups categorized by the presence of asthma and atopy.
The mean A/N ratio was 0.534 in group 1, 0.469 in group 2,
0.476 in group 3, and 0.482 in group 4. The highest value was
found for group 1, while the other groups showed similar val-
ues (Table 2, Fig. 2). The mean A/N ratio differed significantly
between groups 1 and 2, groups 1 and 3, and groups 1 and 4 (p<
0.001). There was no difference between groups 2 and 3 (p=
0.573), groups 2 and 4 (p=0.994), or groups 3 and 4 (p=0.732).

Among patients without asthma (groups 1 and 2), adenoid
size was significantly smaller in the patients with atopy com-
pared to those without atopy. In the patients without atopy

Table 2. Adenoid size differences according to the presence of
asthma and atopy

A/N ratio n Average SD p value
Group 1 (As-/At-) 100 0.534 0.138 <0.001*
Group 2 (As-/At+) 100 0.469 0.140
Group 3 (As+/At-) 100 0.476 0.135
Group 4 (As+/At+) 100 0.482 0.128

%0 <0.05. A/N ratio: adenoidal-nasopharyngeal ratio, SD: stan-
dard deviation
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(As-/At-) (As-/At+) (As+/At-) (As+/At+)

Fig 2. Comparison of adenoid size among patients with and with-
out asthma, atopy, or both. Mean A/N ratio of group 1 (As-/At-) was
significantly higher than other groups (p<0.001). *p<0.05. A/N ra-
tio: adenoidal-nasopharyngeal ratio.
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(groups 1 and 3), adenoid size was significantly smaller in the
patients with asthma compared to those without asthma. In the
patients with asthma and atopy (group 4), adenoid size was
significantly smaller compared to the patients without asth-
ma and atopy (group 1). Among patients with atopy (groups
2 and 4), adenoid size did not differ significantly between pa-
tients with and without asthma. Among the patients with asth-
ma (groups 3 and 4), adenoid size did not differ significantly
between patients with and without atopy.

Discussion

Nasal obstruction is a common nasal symptom in the pedi-
atric population. Nasal obstruction during childhood is usu-
ally associated with enlarged adenoids, but other causes must
be considered. Adenoid hypertrophy is associated with pedi-
atric OSA. Pediatric OSA is caused by fixed and/or dynamic
narrowing of the airway. Enlarged tonsils and adenoids are the
most common sources of nasopharyngeal and oropharyngeal
narrowing.

The adenoids are composed of lymphatic tissue, including
B-cell and T cell lymphocytes, and they are part of Waldeyer’s
ring that encircles the pharynx. The adenoids are involved in
the immune response including both innate and adaptive im-
munity, and they serve as a defense mechanism against in-
haled antigens. After chronic stimulation by inhaled antigens,
the adenoids may enlarge. Enlarged adenoids can almost com-
pletely fill the space between the choana and nasopharynx,
provoking symptoms including nasal obstruction, snoring,
sleep apnea, recurrent otitis media, and recurrent rhinosinus-
itis infections.

Allergic rhinitis is common in children and can also lead to
nasal symptoms. Allergic rhinitis and adenoid hypertrophy
may be related. Some studies have investigated the relation-
ship between allergic rhinitis and adenoid size and found that
allergic stimulation, such as allergic rhinitis that stimulates
the lymphoid tissue, can cause adenoid hypertrophy. However,
Ameli, et al.” suggested that adenoidal hypertrophy and al-
lergic rhinitis have an inverse relationship. They reported that
allergic rhinitis triggers continuous allergic stimulations that
cause large turbinates, and large turbinates block the passage
of allergens to the adenoids. Ultimately, these reactions result
in small adenoids.

Asthma is one of the most prevalent chronic diseases in
children."” The prevalence of asthma has rapidly increased
worldwide over the past decades.”” Asthma is associated with



many upper respiratory diseases, especially allergic rhinitis.
Most asthma patients also have accompanying rhinitis, both
allergic and non-allergic. Since an inverse relationship may
exist between adenoid hypertrophy and allergic rhinitis, we
aimed to determine the relationship between adenoid hyper-
trophy and asthma in children.

This retrospective cohort study demonstrated a relationship
between adenoid size and asthma. In our study, adenoid size
had an inverse relationship to asthma or atopy. Adenoid size
was significantly smaller in patients with asthma compared to
patients without asthma. In patients without asthma, those with
atopy had significantly smaller adenoids than those without
atopy. Similarly, in patients without atopy, those with asthma
had significantly smaller adenoids than those without asthma.
Furthermore, patients with both asthma and atopy had sig-
nificantly smaller adenoids than patients without asthma and
atopy. In contrast, among patients with atopy, adenoid size
did not differ significantly between patients with and without
asthma. Likewise, in patients with asthma, adenoid size did
not differ between patients with and without atopy.

These results are similar to the findings of Ameli, et al.,” who
found a negative relationship between adenoid size and allergic
rhinitis. In our cohort, adenoid size and asthma also showed
a negative relationship. One explanation for the above findings
is that patients with asthma or atopy have large turbinates due
to continuous allergic stimulation such as allergic rhinitis,
and these large turbinates prevent further allergenic stimula-
tion on adenoid hyperplasia. In addition, if nasal obstruction
(large turbinates) is caused by these preexisting conditions
(asthma or atopy), there would be no additional difference in
the size of adenoids due to the presence of other additional
conditions. We believe this indicates that asthma and atopy
do not have synergistic effects on turbinate hypertrophy.

Some studies have investigated the effect of adenoid hyper-
trophy on allergic disease such as allergic rhinitis and asth-
ma. However, this is the first study to investigate the direct
effect of asthma on adenoid tissue. This finding may be help-
ful in the clinical management of children with nasal obstruc-
tion and asthma because it shows that a precise evaluation of
the nose and nasopharynx and radiologic evaluation, such as
the adenoid view, is mandatory in every child with this com-
plaint. These findings are also clinically useful for the con-
trol of nasal obstruction in children with atopy and asthma.
These patients should be evaluated and managed individual-
ly, and allergic medication could be helpful.

This study had some limitations. The main limitation was

Adenoid Size in Asthma or Atopy INoh Y, et al.

the absence of immunologic evaluation or parameters. There-
fore, further immunologic studies, including those that exam-
ine how allergic immune reactions affect mucosal stimula-
tion to the turbinates and adenoid tissue, should be performed.
Another limitation was that evaluation of the relationship be-
tween adenoid size and tonsillar hypertrophy was not consid-
ered. The adenoid and tonsillar tissues are similar lymphoid
tissues that organize Waldeyer’s ring, and they might interact
with each other. Thus, tonsillar hypertrophy and the possible
impact of adenoidal hypertrophy on tonsil volume should be
evaluated. It may be possible to evaluate tonsillar hypertro-
phy by subjective tonsillar grading such as the Brodsky ton-
sil grading scale' or radiologic evaluation. In addition, mouth
breathing because of nasal obstruction caused by adenoidal
hypertrophy may induce further exposure of the mouth and
tonsils to infectious agents or allergens.

Large adenoids were negatively associated with allergic rhi-
nitis and asthma. This relationship may result from a decrease
in adenoid stimulation by nasal obstruction and a difference
in the immune system, including allergic immune reactions,

but further study is needed.
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