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ABSTRACT

Otitis media with effusion (OME) is one of the most frequent childhood diseases and the most common cause
of hearing loss in childhood. Eighty per cent of all children have an episode of OME by the age of 10 years,
typically by the age of three years. The disease is characterised by an accumulation of fluid in the middle ear

behind an intact tympanic membrane in the absence of signs and symptoms of acute infection. This causes

progressive conductive hearing loss, which is the main symptom of the disease. When left untreated, OME

may lead to the development of adhesive otitis media, tympanic membrane abnormalities, tympanic sclerosis,

cholesterol granuloma, or acquired primary cholesteatoma. The aetiology of OME is multifactorial. Allergy is

considered an important aetiological mechanism of OME. An association between allergy, proinflammatory

and immunoregulatory cytokines, obesity, a high-fat diet, and OME is discussed in this paper.
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INTRODUCTION

Otitis media with effusion (OME) is one of the most
common clinical conditions in children and a major cause
of hearing loss in childhood. The vast majority of pre-
school children experience at least one episode of OME,
and about 90% of children under the age of two have had
OME. The prevalence of the disease decreases with age,
from 20% at the age of two years to 8% at the age of eight
years [1].

OME is characterised by an accumulation of effusion
in the middle ear (ME) behind an intact tympanic mem-
brane in the absence of signs and symptoms of acute in-
fection such as otorrhoea, otalgia, or fever. Fluid accumu-
lation leads to progressive conductive hearing loss, which
is the main symptom of the disease. When left untreated,

ADDRESS FOR CORRESPONDENCE:

OME may lead to the development of retraction pockets,
tympanic sclerosis, cholesterol granuloma, or acquired
primary cholesteatoma [2].

The aetiology of OME is multifactorial. An immature
function of the immune system and a dysfunction of the
eustachian tube (ET), often due to adenoid hypertrophy
causing mechanical obstruction in the nasopharynx or
allergy, are the most important aetiological factors. Pre-
disposing factors of OME include: day-care attendance,
older siblings, male sex, artificial feeding, low socioeco-
nomic status, exposure to tobacco smoke (very often
connected with allergy or atopy), and recurrent upper re-
spiratory tract and ME infections [1]. Seasonal variation
of OME has been observed. Gordon et al. [3] revealed
that patients who developed the OME at intervals with
the onset in autumn were connected with poor prognosis
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in terms of the resolution of ME effusion, which implies
that clinicians should consider taking a more conservative
therapeutic approach to OME management in the spring
and summer, and a more aggressive treatment in the fall
and winter months.

OME may result in long-term sequelae, such as learn-
ing disabilities or impaired linguistic, social, or emotional
development [4]. A previous case of effusion in the ME has
a negative impact on the vestibular part of the inner ear [5].

THE ROLE OF ALLERGY IN OTITIS MEDIA
WITH EFFUSION

There is evidence suggesting epidemiological and
pathophysiological links between allergy and OME [6].
Its incidence in OME ranges from 0% to 80% [7-9].

A recent study [10] revealed higher prevalence of at-
opy or allergy in children with a recurrent presence of
episodes of OME between acute infections (atopy: 73.0%
vs. 39.5%, p < 0.001; allergy: 60.0% vs. 36.1%, p = 0.049),
which may suggest that children with recurrent acute oti-
tis media (AOM) with OME are clinically different from
children with simple recurrent AOM, because they have
a more complex clinical presentation that includes not
only adenoidal disease and audiological impairment, but
also an underlying allergy or atopy.

The role of allergy in the aetiopathogenesis of OME
may be one of the following mechanisms: 1) the ME re-
acting as a shock organ, 2) a dysfunction of the ET sec-
ondary to an allergic inflammatory swelling or the ET
acting as a shock organ, 3) an inflammatory nose obtura-
tion, or 4) aspiration of bacteria-laden allergic nasopha-
ryngeal secretion into the ME cavity [9, 11]. The latter
three mechanisms are associated with ET dysfunction.

ME mucosa and the rest of the upper respiratory tract
epithelium evolve from the same ectoderm and, similarly
to the mucosa of the upper and lower respiratory tract,
are capable of an immune response [9, 12].

Studies of OME patients revealed that this group of
patients have higher incidence of atopic conditions such
as allergic rhinitis (AR), eczema, and asthma [12]. The
immunopathological mechanism underlying the devel-
opment of OME in patients with allergy is largely at-
tributed to the effects of Th2 cytokines and their recep-
tors [9, 12]. According to Nguyen, allergic inflammatory
changes among children with atopy are not limited to the
ME mucosa, but also include the nasopharyngeal cavity.
Therefore, the ME may behave in a “similar manner to
the lungs under allergic inflammatory insults”, and the
“ME may be included in the united airways” The study
suggests that, in addition to the general inflammatory
changes in the respiratory tract, the ME is capable of pro-
ducing a much stronger local inflammatory reaction [12].
IgE-mediated allergy has long been considered a key fac-
tor in about one-third of recurrent OME patients based
on clinical observations and skin testing [8].

One of the main factors responsible for the develop-
ment and persistence of inflammation in the ME is ET
dysfunction resulting from AR [6]. According to Quar-
anta et al., chronic rhinitis is present in more than 70% of
children with AR, and 60% of them had OME [13].

FOOD ALLERGY

The connection between food allergy (FA) and OME
has been investigated in several studies [14, 15]. Accord-
ing to Caffarelli et al. [16], FA may be one of the key fac-
tors in the development of OME, especially in children
under two years of age. Juntti et al. revealed that children
who had an allergy to cow’s milk in infancy, even in prop-
erly treated cases, experienced significantly more recur-
rent episodes of otitis media (OM). In their study a high-
er proportion of children with cows’ milk allergy, who
had developed respiratory atopy, had had recurrent OM
(27% vs. 12%, p = 0.009), and had undergone adenoidec-
tomy and or tympanostomy, compared with the controls
(48% vs. 28%, p = 0.005). Asthma and/or allergic rhinitis
and atopic dermatitis increased the risk for OME [17].
The possibility of FA should be considered in all paedi-
atric patients with recurrent, serious OM and a search
made for the suspected food allergen in order to deter-
mine the proper diagnostic and therapeutic intervention.
According to Arroyave [18], food allergens associated
with recurrent OME included milk, egg, beans, citrus,
and tomato. An elimination diet resulted in a significant
amelioration of the effusion in children with OME and
FA. A challenge diet with the suspected offending food
induced a recurrence of the OME. Therefore, all patients
with recurrent OME should be investigated for FA.

The middle and inner ear are immunologically re-
sponsive and also susceptible to food hypersensitivities.
Chronic OME can improve the following treatment of
food allergies. Patients with FA may not respond to con-
ventional treatments. In chronic inflammatory disorders
involving the upper aerodigestive tract, FA must be con-
sidered in the differential diagnosis [19].

THE ROLE OF CYTOKINES IN THE
DEVELOPMENT OF OTITIS MEDIA
WITH EFFUSION

Cytokines participate in the activation, proliferation,
chemotaxis, immunoregulation, growth, differentiation,
and apoptosis of cells. Pro-inflammatory and immuno-
regulatory cytokines are involved in ME inflammatory
response [20].

Numerous studies confirm that many pro-inflamma-
tory cytokines (e.g. TNF-a, IL-1p, IL-6, IL-8) are thought
to play a critical role as mediators in OME. They partic-
ipate in the development and maintenance of inflam-
mation in the ME cleft. Moreover, cytokines act in the
network of mutual hierarchic interactions. The primary
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pro-inflammatory cytokines IL-1p and TNF-a, during
OME, stimulate production of secondary cytokines, in-
cluding interleukin-6 (IL-6) [21-26].

Zielnik-Jurkiewicz et al. revealed elevated levels
of TNF-a, IL-1pB, IL-6, and IL-8 in the effusions in all
children with chronic OME, with the highest levels
observed in non-atopic children. Children with atopy
had higher concentration of IL-1f. In children without
atopy, IL-1p and TNF-a levels correlated with the age
and the number of past acute OM episodes. According
to the authors, this supports the idea of including an-
ti-inflammatory management in the treatment of OME,
regardless of atopy [26].

Himi et al. [23] showed that cytokines, especially
IL-1B, contribute to infiltration into the ME by inflam-
matory cells. This implies that the persistent presence of
cytokines in ME effusion could be a factor in prolonged
OME. It promotes fibroblast activation and proliferation,
and growth of osteoclasts in the ME tissues. Thus, this
cytokine leads to fibrosis and affects bone tissue, and is
therefore associated with the maintaining chronic inflam-
mation [21].

IL-6 is considered to be an important cytokine in the
pathogenesis of OME and is associated with the early stag-
es of OME. IL-6 is a pleiotropic cytokine exerting multi-
directional effects on the cells of both innate and acquired
immune systems. It is recognised as a key factor regulat-
ing the defence mechanisms. IL-6 has the ability to initi-
ate and regulate acute inflammation as well as to facilitate
and direct an acquired immune response. It also exerts
systemic effects. It activates B cells in ME inflammation.
Increased and/or prolonged production of IL-6 facilitates
progression of the immune/inflammatory response from
an acute into a chronic one. It participates in a bone re-
modelling process leading to tympanosclerosis [21]. More
elevated levels of IL-6 in ME effusion are also observed in
children with more profound hearing loss [23].

OME is defined as chronic when ME effusion has
been present for at least three months. IL-8 is considered
to play a crucial role in the long duration of the disease
and regulates production of mucous. IL-8 is responsible
for enhancement of the recruitment of neutrophils into
the ME cleft, release of lysosomal enzymes, and cell in-
jury. Pospiech et al. [27] evaluated the concentration of
IL-8 in ME eftusions. Their study revealed significantly el-
evated levels of IL-8 in children with chronic, long-lasting
OME (mean 12 months) in comparison to that in acute
purulent otitis, and significantly higher than that in se-
rous chronic OM. Also, increased levels of IL-8 correlated
with an early recurrence of OME. According to the au-
thors, it supports the idea that IL-8 is responsible for the
chronicity and duration of inflammatory process in ME.

Age was observed to have a significant effect on the
levels of specific cytokines. Elevated levels of IL-6 have
been found in younger children [23].

OBESITY AND OTITIS MEDIA WITH EFFUSION

An association between obesity [28-30], a high-fat
diet (HFD), and OME has been reported [31]. Obese
children are more likely to experience OM than nor-
mal-weight children, and they have increased chances of
recurrent OM. Socioeconomic factors, a history of breast-
feeding, and the presence of an allergic disorder or chron-
ic adenoid/tonsil disorder did not affect the association
between obesity and OM [32].

A healthy diet can protect children against obesity.
Tapiainen et al. [33], in a cross-sectional study on 1006
children attending child day care centres, revealed that
dietary factors such as daily intake of carbohydrates could
be associated with the occurrence of OM. An increased
intake of fruit and berries could be protective against
AOM (regression coefficient -0.51, 95% CI -0.98 to
~0.03, p = 0.04).

Kim et al. [34] evaluated the difference between
a study group, consisting of 155 children aged two to
seven years, with OME, who underwent unilateral or
bilateral ventilation tube insertion, and control groups
in BMI and serum triglyceride and total cholesterol con-
centrations, and the difference between the obese and
non-obese subgroups in the frequency of ventilation tube
insertion. It was revealed that mean BMI (p = 0.01) and
mean TC levels (p = 0.04) were significantly higher in the
study group than in the control group. In obese children
the incidence of OME, while high, was not associated
with the frequency of ME drainage. Childhood obesity
was significantly higher in children with OME. This find-
ing suggests that childhood obesity could have an effect
on the development of OME.

Obesity may contribute to the development of OME
through the following mechanisms: 1) by inducing chang-
es in the levels of cytokines, 2) by altering host immunity,
3) by causing gastroesophageal reflux, and 4) by changing
the proper structure and function of ET through an accu-
mulation of fat around the ET and the nasopharynx [35].

Adipose tissue is considered to be an endocrine organ.
It affects the intrinsic endocrine system and inflammatory
paths and therefore interferes with other organs. Adipose
tissue is immunologically active. It is known that allergic
inflammation is promoted by cytokines and interleukins.

Changes in the ME mucosa and an accumulation of
adipose tissue in patients with active cellular responses,
persistent inflammation in the ME, or hyper-secretion
of ME effusion lead to an elevated quantity of IL-6 and
TNF-a [36]. Weight gain results in an increase of levels of
IL-6 and TNF-a. The presence of IL-6 in the ME effusion
was identified in the majority of patients with chronic
OME. The IL-6 amount correlated with TNF-a concen-
tration [37].

A HFD induces changes in immunomodulatory func-
tion by modifying T-cell responses and the production of
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IFN-vy; increasing the concentration of leptin may result
in an increased frequency of upper respiratory tract in-
fections and ET dysfunction [38].

A HFD decreases the production of Th1-type cyto-
kines and affects the function of macrophages and T cells
[39]. A HED may influence T-cell proliferation and differ-
entiation, and this is connected with the type of fatty acid.
This suggests that the type of fatty acid in the diet, rather
than its quantity, determines the effect of an immune re-
action in a certain individual [40].

A HFD reduces the expression of Toll-like receptor
2 (TLR2). An impaired TLR2 response following a HFD
might be partially responsible for an increased risk of in-
fection in HFD-induced obesity [41].

Laryngopharyngeal reflux (LPR) usually observed in
obesity may be another cause of OME [42-44]. Abtahi
et al. [44] showed a higher prevalence of gastroesophageal
reflux in children with OM and controls (58% and 22%,
respectively, p = 0.0005). Among children with recur-
rent acute OM and OME, its prevalence was significantly
higher compared to controls (61.1% vs. 22% for AOM,
p =0.004, and 72.7% vs. 22%, p = 0.003). The authors sug-
gest that looking for gastroesophageal reflux in children
with OM may help improve treatment outcomes.

Pepsin and pepsinogen in ME effusion are probably
caused by LPR and may be involved in the pathogenesis
of OME [45]. It was revealed that the levels of pepsino-
gen protein expressed in cytoplasm of epithelial cells and
clearance under epithelial cells in adenoid specimens
from children with OME were significantly higher than
in children without OME. The concentrations of pepsin
in dry ears were significantly lower than those in serous
and mucus ears in the OME group (p < 0.001). Finally, the
concentration of pepsinogen in ME effusion was positive-
ly correlated with the expression intensity of pepsinogen
protein in cytoplasm of epithelial cells (p < 0.05) in the
OME group. Also, LPR is aggravated by a HFD, through
increased intragastric pressure and the transdiaphragmat-
ic gastroesophageal pressure gradient [46].

Obesity may predispose to OME also in a mechanical
way. Depositions of the adipose tissue surround ET and
its opening, which lead to its obstruction [47].

Altered taste sensation has been reported in chron-
ic OME patients. Recurrent episodes of OM or chronic
inflammatory process in the ME in the course of OME
interfere with taste by altering taste function, which is as-
sociated with the progressive chorda tympani branch of
cranial nerve VII dysfunction [31]. A change in the sense
of taste also provokes OME patients to consume more
food or liquids in order to accomplish the same strength
of taste as non-OME controls [35].

The change in taste sensitivity might result in a prefer-
ence for a HFD [48]. In a study by Choi the BMI in chil-
dren with OME was significantly higher than in healthy
controls (p = 0.02). The anterior part of the tongue had
a significantly higher taste threshold in the OME than in

the control group (anterior right, p = 0.03; anterior left,
p =0.04), and chemical taste test results showed that
sweet and salty tastes were significantly lower in the OME
group (sweet, p = 0.02; salty, p = 0.04) [49].

On the other hand, a HFD may predispose to OME.
A diet rich in fat increases the risk of OME in children.
HEFD interferes with the immunomodulatory system, re-
sulting in OME by inducing higher susceptibility for ET
dysfunction and upper respiratory tract infections. Choi
et al. [29] suggest that a HFD has a close connection with
OME, instead of obesity mediating a HFD and OME.
Kaya et al. [30] state that the prevalence of overweight or
obesity is higher in children with chronic OME compared
to healthy controls. However, current evidence cannot de-
termine whether overweight or obesity is a risk factor for
developing chronic OME, or the opposite is the case.

CONCLUSIONS

The aetiology of OME is multifactorial. Allergy is
considered to be an important aetiological mechanism of
OME because it probably leads to ET dysfunction. Pae-
diatric obesity may have an effect on the development of
OME because the two produce similar immunological
alterations. The exact underlying mechanism by which
obesity predisposes to OME needs to be elucidated in
clinical studies.
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