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Abstract:

Hearing impairment is an under-recognized problem in school-aged children that can affect
speech, language, learning and social integration, and Iraqi data are scarce. This study aimed
to estimate the prevalence of hearing impairment among primary school children in central Kut
City and to describe the associated otological findings. This cross-sectional study included 841
children aged 7 to 12 years from four purposively selected government primary schools.
Parents completed a self-constructed questionnaire, and all children underwent tuning-fork
testing; those with a positive result underwent otoscopy, pure-tone audiometry in a sound-
isolated room and tympanometry. Hearing impairment was defined as a pure-tone average (500
to 4000 Hz) greater than 30 dB HL in either ear, and children with wax or otitis media with
effusion (OME) were retested one week after treatment. Hearing impairment was confirmed in
138 children (16.4%; 95% CI 14.1 to 19.1). Prevalence was higher in boys than in girls (30.99%
vs 11.46%; p < 0.001), a difference that persisted after excluding the girls-only school, and
varied between schools (12.7% to 35.3%; p < 0.001). Cerumen impaction accounted for 46.4%
of cases, OME for 29.7% and sensorineural hearing loss (SNHL) for 22.5%. Hearing returned
to normal after treatment in all children with reversible causes, leaving persistent SNHL in
3.7% of children (95% CI 2.6 to 5.2), with similar rates in both sexes. Most hearing impairment
in these schools was due to reversible conditions, supporting school-based otological screening
with audiometry and a clear referral pathway, although the purposive four-school sample limits
generalization.

Keywords: Hearing impairment; Primary school children; Cerumen impaction; Otitis media
with effusion; Sensorineural hearing loss.
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Introduction

The ability to communicate is a very essential aspect of living. Auditory system is most
essential for communication and indispensable for mental and linguistic development. Hearing
impairment is said to be present when there is difficulty in hearing conversational speech or
identifying most sounds (World Health Organization [WHO], 2006). Adequate hearing is one
of the main factors for good psychosocial development, by which individuals may express their
thoughts, feelings, and wishes, and acquire life experience and knowledge (Kumar et al., 2019).
Hearing is essential for communication and for speech, language and cognitive development.
Hearing loss is among the most common disabilities worldwide and is often called a hidden
disability (WHO, 2024). The WHO estimates that over 5% of the world's population lives with
disabling hearing loss, including about 34 million children, and that most affected people live
in low- and middle-income countries. For children, disabling hearing loss is defined as a loss
greater than 30 dB in the better hearing ear (WHO, 2021).

Children with hearing impairment often have delayed speech and language development,
which may lead to slower learning and difficulty progressing at school (Byrne et al., 2012).
Even mild losses can affect educational performance (Eisenberg et al., 2012; Islam et al., 2012;
Sekhar et al., 2013). Congenital hearing loss affects an estimated 4 to 6 per 1000 live births in
developing countries (Olusanya & Newton, 2007), and middle ear disease is very common in
childhood and is a frequent cause of reversible hearing loss (Elahi et al., 1998; Fiellau-
Nikolajsen, 1983). Many causes of childhood hearing impairment, such as wax impaction and
otitis media with effusion, are preventable or treatable when detected early.

Because ear disease often develops insidiously, children in disadvantaged communities may
go unrecognized for long periods. Schools offer a practical setting for screening. Published
data on childhood hearing impairment in Iraq are limited. We therefore aimed to estimate the
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prevalence of hearing impairment among primary school children in central Kut and to describe
the associated otological findings.

Material and methods

Study design and setting

This cross-sectional study was conducted from January to May 2025 in central Kut City, Wasit
Province, Iraq, and is reported in line with the STROBE checklist. Four government primary
schools (three co-educational and one girls-only) were purposively selected to represent
different parts of the city: two in the city center, one in the north and one in the south, with two
schools in high-income and two in low-income areas. Schools A and C (high income) are in
the city center, school B (low income) is in the north and school D (low income, girls only) is
in the south. The schools were not randomly selected. All children in the four schools were
invited to participate. A total of 841 children aged 7 to 12 years (first to sixth grade) were
included. The four schools are referred to as A to D.

Screening questionnaire

Parents completed an Arabic questionnaire about their child's hearing before the school visit,
so that examination could concentrate on children with possible hearing loss. The questionnaire
was constructed by the authors on the basis of previous studies (Islam et al., 2012; Mann et al.,
1998; Sapra et al., 2015); it was not formally validated.

Clinical and audiological assessment

All children underwent tuning-fork testing by Rinne and Weber, with a 256 and 512 Hz fork.
Children with a tuning-fork result suggesting hearing loss underwent otoscopy to assess the
external auditory canal and tympanic membrane, pure-tone audiometry using an Interacoustics
ADG629 audiometer (manufactured 2023) in a sound-isolated room, and tympanometry using
an Oscilla TSM 500. Children whose tuning-fork test was normal did not undergo audiometry.
Air-conduction thresholds were measured at 500, 1000, 2000 and 4000 Hz. Hearing
impairment was defined as a pure-tone average of the four frequencies greater than 30 dB HL
in either ear; all 138 cases met this definition. The ambient noise level of the room was not
measured.

Findings were classified as follows: cerumen impaction when wax obstructing the canal was
seen on otoscopy; otitis media with effusion on the basis of otoscopic findings and a
tympanogram type A; foreign body when seen on otoscopy; and sensorineural hearing loss
(SNHL) when both air- and bone-conduction thresholds exceeded 30 dB HL with an air-bone
gap of less than 10 dB. Bone-conduction thresholds were measured with the AD629. Children
with cerumen impaction or OME were retested after wax removal or treatment of OME
(intranasal decongestant and steroid). Retesting was done one week after treatment.

Ethical considerations

Permission was obtained from the Wasit Directorate of Education, the school administrations
and the children's families. The study was approved by Human/Animal Research Ethics
Committee (H/AREC) at Wasit University. Children with abnormal findings were informed to
their families and advised to seek further assessment; no formal follow-up was undertaken.
Statistical analysis

Data were analyzed using SPSS version 26. Categorical variables are presented as frequencies
and percentages, and prevalence is given with 95% confidence intervals (Wilson method). The
chi-square test was used to compare proportions between groups, and p < 0.05 was considered
significant. Etiology-specific prevalence by sex was calculated using all examined children of
each sex as the denominator. Differences in prevalence between schools were tested using the
chi-square test, and the sex comparison was repeated after excluding the girls-only school. A
trend across age groups was tested with the chi-square test for trend. Because children are
clustered in only four schools, confidence intervals treat children as independent and are
therefore likely to be too narrow.
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Results and discussion

Study population and overall prevalence

The study included 841 children, 628 girls (74.7%) and 213 boys (25.3%), aged 7 to 12 years
(mean 9.19, SD 1.51 years). The sex imbalance reflects the inclusion of one girls-only school
(school D, 425 girls). Table 1 shows the schools.

Table 1. Children examined and hearing impairment by school.

School Setting (Cbl(‘)i}ll(sl/;"i:ls) ((;ZS)eS, n %SI% Wax OME SNHL Other
A iifir INcome, 65 (85/0) 3129. ) 5‘6‘:1— 0 12 9 8
B i(())rv‘:h 1eOmE: 85 (45/40) ?3?5.3%) 4212:8_ 3 2 5 0
c  Meh o ineome 66 g3/83) ?123‘3 » 8- 7 0 4w
b ic?gh, girlslr(l)il(;;n > 425 (0/425) 2-14 2.7%) ?695 2417 13 0
Total 841 (213/628) >0 M= 6 a1 a1 2

(16.4%)  19.1

OME, otitis media with effusion; SNHL, sensorineural hearing loss. 2Wax with OME;
baural foreign body.

Hearing impairment was confirmed in 138 children, an overall prevalence of 16.41% (95% CI
14.1 to 19.1). Prevalence was 30.99% in boys (66/213; 95% CI 25.2 to 37.5) and 11.46% in
girls (72/628; 95% CI 9.2 to 14.2) (chi-square 42.8, df = 1, p < 0.001). Because the girls-only
school contributes 425 of the 628 girls, we repeated the comparison within the three co-
educational schools: 66 of 213 boys (30.99%) versus 18 of 203 girls (8.9%; 95% CI 5.7 to 13.6)
had hearing impairment (chi-square 31.6, df = 1, p < 0.001). The sex difference therefore
persists within co-educational schools, although case counts by sex for each individual school
were not available.

Prevalence differed significantly between schools (chi-square 28.6, df = 3, p < 0.001), from
12.7% in school D to 35.3% in school B, where wax impaction accounted for 23 of 30 cases.
Prevalence was similar in high-income schools (54/331, 16.3%) and low-income schools
(84/510, 16.5%).

Etiological findings
Cerumen impaction was the most frequent finding (64 children, 46.38% of cases), followed by
OME (41, 29.71%) and SNHL (31, 22.46%). One child had wax with OME and one had an
aural foreign body (0.72% each). Table 2 shows the findings by sex as a proportion of all
children of each sex.
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Table 2. Otological findings among children with hearing impairment, by sex

i LY (1) 0 .
Finding Girls, n (% of Boys, n (% of Total, n (% of p (girls vs

628) 213) cases) boys)
Cerumen impaction 32 (5.10%) 32(15.02%) 64 (46.38%) <0.001
OME 16 (2.55%) 25(11.74%)  41(29.71%) <0.001
SNHL 23 (3.66%) 8 (3.76%) 31 (22.46%) 0.95
Wax + OME 1 (0.16%) 0 1(0.72%) Not tested
Foreign body 0 1 (0.47%) 1 (0.72%) Not tested
ﬁ;amem hearing 7> (1146%)  66(30.99%) 138 (100%) <0.001

Denominators for girls and boys are all examined children of each sex. OME, otitis
media with effusion; SNHL, sensorineural hearing loss.

Among the three main categories, the distribution of findings among affected children differed
by sex (chi-square 8.99, df =2, p=10.011; the two single-case categories were excluded). When
expressed relative to the whole sample, this difference was due to the higher prevalence of wax
and OME in boys, whereas SNHL prevalence was practically identical in boys and girls.
Retest after treatment

On retest one week after treatment, hearing returned to normal (30 dB HL or better) in all
children with cerumen impaction, OME, wax with OME or an aural foreign body. Persistent
hearing impairment was therefore present in the 31 children with SNHL, 3.7% of all children
examined (95% CI 2.6 to 5.2).

Age distribution

Table 3 shows cases and prevalence by age (age was not recorded for one non-affected child,
so age-specific denominators total 840). Prevalence was highest at 11 years (32.7%), followed
by 9 years (20.1%), and lowest at 12 years (5.7%). Prevalence differed between age groups
(chi-square 30.8, df =5, p < 0.001) but without a linear trend (p = 0.45). Age is closely tied to
school in this sample: children aged 11 and 12 years came only from schools B and D, and
school B had both the highest prevalence overall (50% at age 11, 15/30) and many 11-year-
olds. The age pattern therefore cannot be separated from the school effect.

Table 3. Cases and prevalence by age and finding

‘(:gezrs) Wax OME SNHL gfﬁz - Eg;;ig“ Z:st;l fgh:lgdrr::p I prevalence
7 5.8 6 1 0 20 138 14.5%

8 2 8 3 0 0 23 168 13.7%

9 20 7 7 0 0 35 174 20.1%

10 0 9 4 0 0 23 189 12.2%

11 14 9 9 0 1 33 101 32.7%

12 2 0 2 0 0 4 70 5.7%
Total 64 41 31 1 1 138 840 16.43%

Age was not recorded for one non-affected child. OME, otitis media with effusion;
SNHL, sensorineural hearing los
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Discussion

In this school-based study from central Kut, the prevalence of hearing impairment (greater than
30 dB HL in either ear) was 16.4% among children aged 7 to 12 years. Most cases were
associated with wax impaction or OME, which are common and treatable, and hearing returned
to normal after treatment in all of these children. The persistent hearing loss was therefore the
sensorineural loss in 3.7% of children (31/841). Because audiometry was performed only in
children with a positive tuning-fork test, children with hearing loss who screened negative
would have been missed, so the true prevalence may be higher. The four schools were
purposively chosen and are not a random sample of Kut, so the figure describes these schools
and cannot be generalized to the whole city.

Reported prevalence in school-age children varies widely, from 1.86% in China (Chen et al.,
2011) and about 5% in Mozambique (Clark, 2008) to 8.8% in rural India (Kumar et al., 2019),
17.9% to 19.56% in other Indian studies (Mann et al., 1998; Parvez et al., 2016), 20.1% in
Egypt (Taha et al., 2010) and 31.91% in Jaipur, India (Sapra et al., 2015). Our estimate lies
within this range, putting in mind the different policies of early school screening between
different countries.

Hearing impairment was more frequent in boys (30.99%) than in girls (11.46%), consistent
with some studies (Abdel-Hamid et al., 2007; Hapunda et al., 2020; Tahir et al., 2011), whereas
others found no association with sex (Kumar et al., 2019; Parvez et al., 2016). The difference
persisted when the girls-only school was excluded (30.99% in boys vs 8.9% in girls in the co-
educational schools), so it is not explained by that school alone. It should still be treated with
caution, because the number of boys was small (213) and prevalence varied widely between
schools (12.7% to 35.3%); a school-level analysis by sex was not possible. Differences in how
parents of boys and girls completed the questionnaire could also contribute. When findings
were expressed per child examined, the excess in boys was driven by wax (15.0% vs 5.1%)
and OME (11.7% vs 2.6%), while SNHL was equally frequent in both sexes (3.7% vs 3.8%).
Earlier comparisons of etiology by sex are scarce, and two studies found no association (Abdel-
Hamid et al., 2007; Jalali et al., 2020).

Cerumen impaction was the most common finding (46.4% of cases), similar to the roughly
45% reported in other school studies (Hapunda et al., 2020; Kumar et al., 2019; Olusanya et
al., 2000), whereas a Saudi study found 12% in a sample that included older children (Afaf et
al., 2001). Wax and OME are reversible, and early identification offers an opportunity to
restore hearing through simple treatment. The SNHL rate (3.7% of all children) is higher than
expected from international school data; this may partly reflect the screening approach and the
testing environment, and cannot be explained further in the absence of data on risk factors such
as perinatal history, ototoxic drug exposure, family history or consanguinity.

Prevalence was highest at 11 years (32.7%) and lowest at 12 years (5.7%), with no linear trend.
Other studies reported higher prevalence at 8 to 10 years (Chundathodi & John, 2016) or an
association with age (Abdel-Hamid et al., 2007), while some found none (Hapunda et al., 2020;
Kumar et al., 2019; Parvez et al., 2016). In our sample the 11-year-olds came from only two
schools, one of which had the highest prevalence, so this age pattern may reflect school
differences, and the small group at age 12 (n = 70, from one school) limits interpretation.
Strengths and limitations

Strengths include audiometric confirmation of every reported case, the use of tympanometry,
examination in a sound-isolated room, and retesting of children with wax or OME after
treatment. Limitations are as follows. First, only children with a positive tuning-fork test
underwent audiometry, so children with hearing loss missed by tuning-fork testing, which is
less sensitive for mild loss, were not detected, and its sensitivity here is unknown. Second, the
four schools were purposively rather than randomly selected, the sample has a marked sex
imbalance, only four schools were included, and confidence intervals do not account for
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clustering by school. Third, data were collected between January and May, a period when upper
respiratory infections and OME are more frequent, which may inflate the prevalence of
reversible causes. Fourth, the questionnaire was self-constructed and not formally validated.
Fifth, ambient room noise was not measured. Sixth, risk factors were not collected, so this
study describes associated findings and cannot establish causes. Seventh, there was no formal
referral pathway or follow-up of affected children.

Conclusion

About one in six primary school children in the screened sample had hearing impairment,
mostly due to wax impaction and OME, which are treatable and resolved after treatment,
leaving persistent sensorineural hearing loss in 3.7% of children. Boys had a higher prevalence
of wax and OME in this sample, including within the co-educational schools, although this
needs confirmation in a larger sample balanced by sex and school. School-based otological
screening, including audiometry and tympanometry, together with a clear referral pathway and
health education for children, parents and teachers, could help identify these children earlier.
Larger, multi-school studies that also test screen-negative children are needed to confirm these
findings.

Based on these findings, school-based otological screening that includes otoscopy,
tympanometry and audiometry, with a defined referral and follow-up pathway, should be
considered; awareness of ear and hearing care should be raised among parents, teachers and
school authorities, including at parent-teacher meetings; and larger multi-school studies with
representative sampling should evaluate screen-negative children and collect risk-factor data.
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