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OBJECTIVES: The purpose of this trial is to examine the clinical role of iron metabolism on development of Otitis media with effusion.

MATERIALS and METHODS: This prospective study was conducted in a tertiary referral center. The study group made up of children who had
surgery for Otitis media with effusion (OME). Control group was comprised of children who had surgery by a pediatric surgeon for inguinal hernia
repair or circumcision operations with normal ear nose throat examination. Each group was evaluated depending on the serum iron metabolism
parameters.

RESULTS: One-hundred-thirteen children with OME and 117 control patients were included to the study. Iron deficiency anemia was detected in
18 out of 113 patients (15.9%) in study group while there were 4 out of the 117 patients (3.4%) in control group (p:0.001).The mean hemoglobin
level was 12.16 + 1.16 in OME group and 12.93 + 1.08 in control group (p<0.001).

CONCLUSION: The current study shows the rate of iron deficiency anemia is higher in patients with OME than controls. Iron-deficiency anemia
might be considered a potential risk factor for development of otitis media with effusion, and iron parameters should be evaluated in these
children.
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INTRODUCTION

Otitis media with effusion (OME) is a disease of middle ear without signs or symptoms of acute suppurative infection ™. It is a
response of chronic inflammation in the middle ear and the effusion may become persistent in some cases . Despite numerous
therapy options have been tried, there is no current standard therapy for OME 5=, If the problem persist for at least 3 months, it
is defined as chronic otitis media with effusion (COME) . Unresolved OME can cause hearing loss, speech delay, and permanent
middle ear damage; if these situations occur then a ventilation tube (VT) should be considered ”-#. Many etiologic factors play role
in development of OME but the most important factors are immune system and Eustachian tube dysfunction. Upper airway and
middle ear bacterial or viral infections also play role in OME 1%,

Iron metabolism has a critical importance for normal cognitive and motor development in children and furthermore it is essential
forimmune system""'2. While many studies in literature show that impaired iron metabolism is associated with chronic inflamma-
tory processes, there is no published study addressing iron metabolism and OME.

This is the first study to investigate the association of iron metabolism as a risk factor in OME. The goal of this study was to analyze
the role of iron deficiency anemia (IDA) on development of OME and also clinical value of IDA.

This study was presented at the “Combined Otolaryngology Spring Meetings (COSM)", 18-22 April 2018, Maryland, Washington DC, USA.
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MATERIALS AND METHODS

This prospective study was conducted in a tertiary referral center. The
local ethics committee approval (Duzce University School of Medi-
cine; 2017/22) and the written informed consent were obtained. The
study group contained patients who had OME as determined by
tympanogram results and physical findings between January 2017
and October 2017. Absent light reflex, type B-C tympanogram, glue
behind the ear drum, air-fluid level on ear drum were defined as signs
of effusion.

Table 1. Demographics of study and control group. URI: Upper respiratory
tract infection

Study Control
group group

Variable n:113 n:117 p
Age 5.63+2.98 (1-16) 5.67+2.85(1.5-15) 0.916
Mean siblings 2 (0-4) 2(1-4) 0.221
Sex

Male 65 (57.5%) 62 (53.0%) 0.490

Female 48 (42.5%) 55 (47.0%)
Tobacco smoke exposure

Yes 44 (38.9%) 43 (36.8%) 0.733

No 69 (61.1%) 74 (63.2%)
Cow'’s milk exposure
before 12 months 38 (33.6%) 44 (37.6%) 0.529

75 (66.4%) 73 (62.4%)
Breastfeeding at least
6 months only 73 (64.6%) 75 (64.1%) 0.937
40 (35.4%) 42 (35.9%)

Frequency of URI during study
period (mean+SD) 216 (1.91+0.92) 172 (1.47+0.65) <0.001
AOM attack during study
period (mean) 15(13.3%) 9 (7.7%) 0.166
Hemoglobin<11 g/dL 18 (15.9%) 4 (3.4%) .001
Ferritin<16 ug/L 32(28.3%) 11 (9.4%) <0.001

Statistical significance level was considered as 0.05.
AOM: Acute otitis media

Table 2. Iron metabolism parameters distribution of study and control group

Study Control

group group
Variable n:113 n:117 p
Hemoglobin g/dL  12.16+1.16 (9.1-14.8) 12.93+1.08 (9.1-15.5)  <0.001
Ferritin pg/L 18.20+8.91 (2.9-44.8) 36.97+27.01 (5.0-129.0) <0.001
Serum iron pmol/L  59.74+29.27 (6-133) 68.29+29.14 (18-155)  0.027
UIBC* pmol/L 335.65+68.67 (184-530) 253.21+71.52(99-430) <0.001
Hct** % 33.12+4.46 38.45+2.17 <0.001
MCV#** £ 74.25+£10.33 79.94+3.75 0.013

UIBC: Unsaturated iron binding capacity. Hct: Hematocrit. MCV: Mean corpuscular
volume.
Statistical significance level was considered as 0.05.

Akcan et al. Risk Factor Assessment

Control group was comprised children were examined by pediatric
surgeons who confirmed with examination that there was no evi-
dence of infection. Children were excluded from the study if patients
had any of following: history of adenotonsillectomy, craniofacial
anomaly, history of VT insertion, chronic diseases such as chronic si-
nusitis, allergic rhinitis, asthma bronchial, immunodeficiency or any
diagnosed hematologic diseases.

The study group was followed up for at least three months without
any medical treatment. At the end of follow-up period, persistent
cases that were defined as COME. All COME patients underwent
VT placement under general anesthesia. Adenoidectomy was per-
formed with VT if the patient was older than 4 years. If there were no
obstruction findings in patients under 4 years old, only VT was per-
formed. In study group, hemoglobin (Hb), mean corpuscular volume
(MCV), hematocrit (Hct), ferritin, unsaturated iron binding capacity
(UIBCQ), serum iron level (SI) were analyzed in addition to routine
blood exams for anesthesia. Iron parameters were also studied from
control group. Study and control group’results were compared to the
World Health Organization’ (WHO) normal range.

Statistical Analysis

Continuous data were abstracted as meanztstandard deviation and
categorical data were offered as frequency and percent. Categorical
data were analyzed by Pearson chi-square or Fisher’s exact tests de-
pending on expected count rule. Comparisons for quantitative vari-
ables were done using Independent samples t test or Mann-Whitney
U test depending on distribution of variable, for two groups. Statis-
tical analysis was performed with Statistical Package for the Social
Sciences (SPSS) version 22 (IBM Corp.; Armonk, NY, USA) statistical
package and statistical significance level was considered as 0.05. The
combined effect of age groups and patient / control groups was ex-
amined by Two-Way ANOVA.

RESULTS

The study population consisted of 65 boys (57.5%) and 48 girls
(42.5%) and the mean age was 5.63+2.98. The control group con-
sisted of 62 boys (53%) and 55 girls (47%) and the mean age was
5.67+2.85. Eighteen out of 113 (15.9%) patients had iron deficiency
anemia in the study group and 4 out of 117 (3.4%) patients had iron
deficiency anemia in the control group (p:0.001). Thirty two out of
113 (28.3%) patients had low ferritin level in the study group and 11
out of 117 (9.4%) patients had low ferritin level in the control group
(p<0.001). The study group (113) had total of 216 upper respirato-
ry tract infections (URI), while the control group (117) had 172 URIs
during the study period. Per-person URI frequency in the study and
control groups were 1.91+0.92 and 1.47+0.65 respectively; and the
difference was statistically significant (p<0.001). Acute otitis media
(AOM) during the study period was higher in study group but the
difference was not significant. Table 1 shows the demographics of all
groups. There was no significant difference between the groups ad-
dressing to other variables.

The mean Hb level was 12.16+1.16 in study group and 12.93+1.08 in
control group (p<0.001). The mean Hct rate was 33.12+4.46 in study
group and 38.45+2.17 in control group (p<0.001). The mean MCV lev-
el was 74.25+10.33 in study group and 79.94+3.75 in control group
(p:0.013). The mean ferritin level was 18.20 + 8.91 in study group and
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36.97+27.01 in control group (p<0.001). The mean serum iron level
was 59.74+29.27 in study group and 68.29+28.14 in control group
(p:0.027). The mean UIBC level was 335.65+68.67 in study group and
253.21+71.52 in control group (p<0.001). All parameters were sig-
nificantly different between the groups in terms of iron metabolism.
Table 2 summarizes the iron metabolism parameters distribution of
study and control group.

When we analyzed the study group in terms of IDA, we revealed
that the Mean Age was significantly lower in IDA group (p:0.004),
Frequency of URI during study period was significantly higher in
IDA group (p:0.010). AOM during the study period was higher in IDA
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Figure 1. Group-Age interaction graphic. The mean hemoglobin levels in each
age groups.

Table 3. Study group distribution in terms of IDA

Study Control
group group
Variable n:113 n:117 p
Age 3.81+£2.41(1-10) 5.97+2.96 (1-16) 0.004
Median siblings 2(1-4) 2(0-4) 0472
Sex
Male 12 (66.7%) 53 (55.8%) 0.392
Female 6 (33.3%) 42 (44.2%)
Tobacco smoke exposure 7 (38.9%) 37 (38.9%) 0.996
Cow'’s milk exposure before
12 months 7 (38.9%) 31 (32.6%) 0.606
Breastfeeding at least
6 months only 13 (72.2%) 60 (63.2%) 0.461
Frequency of URI during study
period (mean+SD) 48(2.67+1.28) 168 (1.77+0.76) 0.010
AOM attack during study period 4(22.2%) 11 (11.6%) 0.255
Mean Hemoglobin g/dL 10.51£0.56 12.47+0.96 <0.001

IDA: Iron deficiency anemia. URI: Upper respiratory tract infection. AOM: Acute otitis
media.
Statistical significance level was considered as 0.05.

group but the difference was not statistically significant. The mean
hemoglobin levels in IDA and Non-IDA group were 10.51+0.56 and
12.47+0.96 respectively and the difference was statistically signifi-
cant (p<0.001) (Table 3).

All study and control groups patients were separated into three
groups with respect to age. Group-Age interaction was not signifi-
cantly different (p:0.453). The mean Hb levels were significantly
lower in each age group in the study group than the control group
(p<0.001). In addition, the mean Hb levels between in each age group
were statistically significantly different, for both study and control
groups (p<0.001). Figure 1 summarized the group-age interaction.

DISCUSSION

Iron deficiency is one of the most common nutritional deficiency
worldwide according to WHO and affects a significant part of the
population 3, WHO estimates iron deficiency anemia in 2.5% of pe-
diatric population and describes an abnormality if the rate is more
than 5%."* This rate was found as 15.9% in our study group, which is
above the WHO's estimation of 5%. The evaluation of iron deficiency
starts with measurement of Hb and Hct levels that are non-specific
markers. Ferritin, Sl and UIBC are widely used for differential diagno-
sis and confirmation of iron deficiency. The decreased Hb (<11 g/dL)
and ferritin (<16 pg/L) levels are important for diagnosis of IDA. In our
study, all parameters were significantly different between the groups
in terms of iron metabolism (Table 2).

OME is a serious problem in children that can lead to hearing im-
pairment, reduced academic success and impairment in social ad-
vancement. Even though there are numerous risk factors described
for OME, upper respiratory tract infections are among the most im-
portant of them. Most of the pathogens that play some role on the
development of OME come from the nasopharynx such as Hemophi-
lius influenza, Streptococcus pneumoniae and Moraxella catarrhalis.
Further viral agents, like adenovirus, rhinovirus and influenza play
substantial role. Also, Chen et al."'showed that, biofilms may play a
major role in the pathogenesis of OME.

There are some evidences that IDA may increase susceptibility to
infections in pediatric population. This association could be related
with decreased neutrophil and macrophage function, decreased
production of pro-inflammatory cytokines, and increasing the risk of
extracellular infections"" 8., Iron plays an important role in DNA rep-
lication pathways of immunoprogenitor cells!'”. Studies have shown
that iron deficiency is more common in children who have frequent
upper respiratory tract infections'® %, In the literature, a correlation
between low Hb values and increased the infection risk was found
when the relationship between anemia and infection was investigat-
ed %19, Hussain et al. ? reported that; Hb level <11 g/dL was con-
sidered as low. Mean Hb level was 8.8 g/dL in the study group and
11.6 g/dL in the control group. Anemia rate was found 64.5% in the
study group and 28.2% in the control group and the anemic group
was found to be 4.6 times more susceptible to respiratory tract infec-
tion. Mourad et al.?"reported that, Anemia was found in 32% of in-
patients and 16% of healthy controls. Mean Hb level was 9.99 + 0.62
g/dL and 11.99 + 0.92 g/dL in control group and low Hb level was a
risk factor for respiratory tract infection. Levy et al.?? reported that,
IDA was an independent risk factor for the occurrence of respirato-



ry disease (tonsillitis, cold, pneumonia, bronchitis, asthma) and also
AOM episodes. In this regard, although there is no clear information
in the literature about which Hb level does indeed cause infections;
Golz et al.® revealed that, 83.8% of children with a Hb value of less
than 9.5 g/dL had a very frequent AOM episode and in conclusion
they recommended iron supplementation whenever Hb levels are
found to be lower than 10 g/dL.In our study. When we analyzed the
study group in terms of IDA, the mean Hb levels in IDA and Non-IDA
group were 10.51+0.56 and 12.47+0.96 respectively and the differ-
ence was statistically significant (p<0.001) and the low Hb level was
correlated with the high frequency of URI and AOM (Table 3). Many
investigators identified some risk factors for OME, but iron deficiency
was never considered to be one of them 2359, In our study the rate
of anemia was 15.9% in study group and 3.4% in control group and
the difference was statistically significant (p<0.001).

The most important limitation of the current study is lack of data
aboutimmunogenic factors such as complements and immunoglob-
ulins. We did not analyze the immunoglobulin and complement lev-
els in the study and control groups. However, we excluded patients
from the study if there were any diagnosed immunologic or hemato-
logic diseases to avoid these confounding factors.

This study demonstrates the association of iron deficiency with OME
development and its role of clinical progress. IDA should be evaluat-
ed children with COME which might be a prognostic factor. Despite
these findings there is no adequate data to determine whether IDA
is cause or effect. The association of IDA with OME requires further
studies to explain pathophysiology of this association.

CONCLUSION

Iron-deficiency anemia might be considered a potential risk factor
for development of otitis media with effusion, and iron parameters
should be evaluated in these children.
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